1. INTRODUCTION

Lectins are carbohydrate-binding proteins of nomime origin that reversibly bind sugar
moieties of glycoconjugates without enzymaticallpdifying them (Lis and Sharon, 1998).
Consequently, lectins are widely employed in biocital research as carbohydrate-specific
reagents (Adagt al., 1998; Sharon and Lis, 2003).

All cell membranes and cell walls contain glycoemgtes whose constituents differ from
one cell type to the other and can be cross-linleeglutinated) by sugar-binding proteins.
Lectins can therefore be used to probe cell susfacel to fractionate cells, cell organelles and
sub-cellular components (Yirg al., 2001). Traditionally lectins have been used btwod
typing as well as mitogenic stimulation of lymphtesy (Sharon and Lis, 1990; Kilpatrick,
1995). Moreover, since protein-carbohydrate irtigoa is the language of intercellular
communication, lectins present excellent study rieodfler biocommunication (Bouckaeet
al., 1999).

Although lectins are widely distributed in natupéant lectins are the most abundant. Plant
lectins are found mainly in the seeds in proteidié® and may constitute up to 10% of the
total protein. The lectins are also found in tlegetative parts such as the stem, bark, roots
and leaves, and more than one lectin may be presém same tissue (Etzler, 1985).

Amongst the plant lectins, legume lectins are tmgdst and best-characterized group.
Comparisons of both the amino acid sequences andhtiee-dimensional structures of the
legume lectins show a very high degree of homolggythey exhibit very distinct differences
in their sugar-binding specificities (Sharon and, 1990). For this reason, this large family of
homologous proteins is highly suitable for use amaalel system for studying the principles
behind protein-carbohydrate recognition (Bouckeaeat., 1999).

Legume lectins typically consist of dimers or teteas of subunits with molecular masses
25 to 30 kDa that are held together by non-covalgetactions. Each subunit has one sugar-

binding site and also binds calcium and manganess that are required for the sugar-
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binding activity (Sharon and Lis, 1990). The sdgmding site consists of four loops
designated A, B, C and D. Conserved amino acidues aspartate and glycine belonging to
loops A and B respectively, as well as asparagime an aromatic amino acid or leucine
belonging to loop C, are required at the combingig. Loop D provides additional
interactions, and in mannose/glucose-specific nectis size is invariant and is possibly the
determinant of the monosaccharide specificitiekegume lectins (Sharma and Surolia, 1997,
Hamelrycket al., 1999; Loriset al., 2004). It would therefore be interesting to bksa if
loop D is responsible for sugar-binding specificttyereby providing a basis for systematically
producing lectins with desired specificities.

A number of legume lectin genes have been cloneduenced and expressed in
heterologous systems (Sharon, 1994). Sequencimigyroed the high homology even at the
nucleotide level. Expression of the cDNAs encodimgse lectins ifescherichia coli (E. coli)
has led to the production of unglycosylated biataly active lectins demonstrating that
although most legume lectin precursors are glyeatsgl, the carbohydrate moieties are not
required for biological activity (Van Damnetal., 1998b).

The majority of legume lectins have been isolatesinf seeds of crop plants while
information about lectins from seeds of wild plamtsscarce (Guzman-Partigda al., 2004).
Some species of the Leguminosae family only growhin tropical and sub-tropical climate
zones. These tropical plants, particularly those¢he wild flora, could contain lectins of
unknown and potentially interesting carbohydratecsrities and/or stability properties that
might find new applications in glycoconjugate as&yand biological research in general (S.
Beeckmans, personal communication).

The seeds of the leguminous hardwoBtérocarpus angolensis (mukwa) contain a
mannose/glucose-specific lectin. Interest in thikwa seed lectin was generated from a study
of haemagglutinins of trees and shrubs of ZimbafMeore, 1979). This study showed that
this lectin haemagglutinated only protease-tredtachan cord erythrocytes and not adult

erythrocytes. Kaul and co-workers (1991) also olesk that this seed lectin did not
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agglutinate adult human erythrocytes even aftgosiry treatment. These studies led to the
conclusion that the lectin was specific for i-aptig as these are only expressed by fetal and
neonatal red blood cells. The i-antigen decreaftes birth as the I-antigen increases and the
latter becomes fully expressed on adult red bloetls c(Roelcke, 1995). Studies by
Manyumwa (1998), however, showed that the mukwal deetin is not specific for cord
erythrocytes but binds to the mannose core of imreatells.

Mukwa seeds are obtained seasonally (Van Wyk amdWgk, 1997) and the mukwa seed
lectin has since been purified, characterized @& Hiochemical and molecular level
(Manyumwa, 1998; Maramba, 1998) and its three-dsimral structure determined (Lo®s
al., 2003; 2004). The seed lectin crystallizes regadid structural data for this lectin in
complex with various carbohydrates is already awéd (Loriset al., 2003; 2004). This work
could be complemented by site-directed mutagene#mch allows predictions about the
structural and functional roles of particular amamds in a protein to be rigorously tested in
the laboratory. Expressing the cDNA encoding #watih found in these seeds would make the
recombinant lectin readily available to potentisérs as well as facilitating protein engineering

of the mukwa seed lectin for comparative studies.

1.1 Aim of the Present Study

Protein-carbohydrate interactions are involvedliverse regulatory processes, hence
understanding the principles that govern carbohgdbanding to proteins is essential. For
such studies, legume lectins have been used as delneystem because this family
encompasses the widest variety of sugar spectf&citvhile maintaining a conserved tertiary
structure. Site-directed mutagenesis of the capth@lte-binding site of legume lectins has led
to the identification of conserved amino acid rassl required for sugar binding (Van Eijsden
et al., 1992; Adar and Sharon, 1996). However, the nubdedasis of the differential sugar-

binding characteristic of legume lectins is stioply understood (Sharnmetal., 1998). While
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the ligand-binding activity has been successfullgrad (Yamamotet al., 2000b; Yimet al.,
2001), there is no rational approach to produciedtins with distinct and desired sugar
specificities. Loop D, which is highly variable Iength, conformation and sequence, yet
completes the basic framework of monosaccharidegration by a legume lectin, has been
implicated as the major determinant of sugar spatyif (Sharma and Surolia, 1997;
Hamelrycket al., 1998, Loriset al., 2003). Consequently, loop D has been termedahable
loop or the specificity loop (Loriet al., 1998).

The long-term goal of this study is to combineutssfrom X-ray crystallography and
site-directed mutagenesis to gain a better undetstg of the determinants of sugar-binding
specificity in legume lectins. The mannose/glucgsecific lectin from mukwa seeds has been
purified and extensively characterized (Latisl., 2003) and is a suitable model for this study.
The closely related galactose-specific lectin fremgthrina corallodendron, ECorL (Adaret
al., 1989) and the ‘promiscuoubllex europaeus Il lectin, UEA 1l (Loris et al., 2000) should
allow for a comparative analysis of the structurakis for change in specificity. Like the
mukwa tree,Erythrina corallodendron (coral tree) is deciduous and occurs throughoet th
tropics and sub-tropics. The dimeric ECorL is ahe¢he most studied lectins (Stancondbe
al., 2003). The UEA Il has the long version of thetah®inding loop just like the mukwa
seed lectin yet the sugar specificities of theselegtins are unrelated (Lorgsal., 2004).

The project was based on predictions from compuotedeling of the lectin crystal
structures. When parts of loop D of ECorL and UEAvere separately superimposed onto
loop D of the mukwa seed lectin the latter seentedhéintain its conformation (R. Loris,
personal communication). In addition, certain $ititsons and/or deletions of one or two
amino acid residues of the mukwa seed lectin spdygifioop were expected to change the
specificity of this lectin froma to 3-mannose/glucose (Lorist al., 2004). The specific
objectives were therefore to express the mukwa keaieh in E. coli and to carry ouin vitro
mutagenesis in order to establish whether or nop ID is the sole determinant of sugar

specificity in legume lectins.



2. LITERATURE REVIEW

2.1 Historical Background

The era of lectins started in 1888 when Hermarin&iik, at the Medical School of Dorpat
in Estonia, observed that a castor beaiicius communis L) plant extract named ‘ricin’ had
haemagglutinating properties (Franz, 1988). Eumesthen, there has been many significant
historical landmarks in the studies of lectins.

A decade after Stillmark’s discovery, the proteghgioproteins that are now called lectins
were given the name ‘haemagglutinins’ because eir thbility to agglutinate erythrocytes
(Elfstrand, 1898, cited by Van Damrekal., 1998a). These proteins, however, were observed
to be capable of agglutinating other cells suchpesmatozoa, bacteria, lymphocytes and yeast
cells. Subsequently lectins were referred to ggltdinins’ (Goldstein and Hayes, 1978).

In 1908, K. Landsteiner and H. Raubitschek dematesdr different haemagglutinating
properties by various seed extracts, nanféiiseolus vulgaris (red kidney bean)Pisum
sativum (pea),Lens culinaris (lentil) andVicia sativa (vetch) (Sharon, 1977; Van Damree
al., 1998a). In 1919 J.B. Sumner obtained a pureeprotor the first time when he
successfully isolated crystalline concanavalin A,leztin from jack bean (anavalia
ensiformis), for which he was awarded a Nobel prize. Sevanigars later, Sumner and S.F.
Howell reported that concanavalin A binds sugar anes on cells and also precipitates
glycogen from solution (Sharon and Lis, 1998).

In the 1940s, W.C. Boyd, R.M. Reguera and K.O. Reek demonstrated that some plant
lectins selectively agglutinated particular erytytes within the human ABO blood system
and were thus blood group-specific (Boyd and Rugut949).

The next two major developments were in the eadl§0%. Firstly, P.C. Nowell (1960)
found out that the lectin from the red kidney b@ahaseolus vulgaris), traditionally known as

phytohaemagglutinin, was mitogenic to resting lympjies. Secondly, J.C. Aub and co-
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workers (1963) observed that the wheat germ agghupreferentially agglutinated malignant
cells (Sharon and Lis, 1998).

The early 1970s saw the establishment of the timeensional structure of concanavalin
A using high resolution X-ray crystallography by Ms. Edelman and co-workers and
independently by K. Hardman and C.F. Ainsworth. 1Bv4, G. Ashwell and A.G. Morell
identified the first mammalian lectin, hepatic &sigycoprotein receptor specific for terminal
galactose in serum glycoproteins. Two Yyears laYerReisner observed that the peanut
agglutinin discriminates cortical from medullaryllsan mice and together with Sharon used
lectins for the fractionation of lymphocytes. Rws and co-workers used the soybean
agglutinin for purging of bone marrow for transgktion in 1981 (Sharon and Lis, 1998).

In 1988, K. Drickamer identified carbohydrate rewitign domains in animal lectins, while
in plant lectins, particularly in legume lectinsgtsugar-lectin interaction has been extensively

studied by various scientists from the 1990s te phhesent day.

2.2 Defining a Lectin

The term lectin, derived from the Latin verb ‘legle means to pick out or to choose
(Sharon and Lis, 1998). Boyd first proposed thirsntto describe the selectivity/specificity of
these proteins for some human blood group antiggogd and Shyleigh, 1954).

Over the years, the definition of a lectin has ngel, from being based on the
functional activities of the protein to being basedits structure. Goldstein and co-workers
(1980) defined a lectin as ‘a carbohydrate-bindomngtein (or glycoprotein) of non-immune
origin that agglutinates cells and/or precipitatgh/coconjugates.’ This definition
distinguished this group of proteins from antibadirected against carbohydrate moieties but
encompassed sugar-specific enzymes with multipledibg sites. The definition was
considered too restrictive as it confined lectim®nly those proteins with at least two sugar-

binding sites thereby excluding monovalent lecugh as mannose-binding proteins from
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orchids (Van Dammet al., 1994) and poor agglutinating toxins such asnafi{ocourek and
Horejsi, 1983).

Kocourek and HorejSi (1983) defined a lectin asptatein of non-immune origin,
capable of specific recognition and reversible Isigdto sugar moieties of complex
carbohydrates without altering the covalent stmectaf any of the recognized glycosyl ligand.’
According to this definition, lectins can displagrious biological activities, as they can be
toxins or hormones. However, carbohydrate-bingirgeins that only bind free sugars such
as some transport proteins, chemotaxis receptarsegmeptors of operons of enzymes involved
in carbohydrate metabolism are not lectins.

After observations that some lectins contain @sédype of binding site that interacts
with non-carbohydrate ligands, Barondes in 198&lefmed a lectin as ‘a carbohydrate-
binding protein other than an enzyme or an antibody

Advances in molecular cloning of lectin and leattated genes advocated for an
update of the definition of lectins. Firstly somlant enzymes such as class | plant chitinases
and some type 2 ribosome inactivating proteins ¢$lRi&e fusion proteins consisting of a
carbohydrate-binding domain tandemly arrayed witbeparate catalytic domain. Secondly,
evolutionarily and structurally related lectin-ligoteins exist. These lectin-related proteins,
such as thex-amylase inhibitor and arcelins found in severgulee species, are devoid of
carbohydrate-binding activity (Mirkoet al., 1994). In view of these factors, Peumans and
Van Damme (1995) defined a lectin as ‘a proteirt {h@ssesses at least one non-catalytic
domain that binds reversibly to a specific mono- atigosaccharide.” Their definition

encompasses a broader range of proteins.



2.3 Lectins in Nature

Lectins are a general class of sugar-binding pmstand are most abundant in plants
(Rudiger, and Rouge, 1998). Plant lectins act ediators of cellular recognition in a variety
of systems such as the attachment of nitrogengikiacteria to roots of leguminous plants
(Diazet al., 1989).

In animals, lectins occur in small amounts and séerbe tissue-specific. Animal
lectins appear to function in the clearance of gpyoteins from the circulatory system and in
the intracellular translocation and targeting ofcglproteins (Sharon and Lis, 1989; Weis and
Drickamer, 1996; Kilpatrick, 2002).

In microorganisms, lectins are located on the nhiaiocell surfaces. Microbial lectins
mediate the sugar-specific adherence of microbelsost cells, which is a prerequisite for

infection (Sharon and Lis, 1989).

2.4 Plant Lectins

Plant lectins mark the beginning of lectinology dmave been extensively studied
(Etzler, 1985; Lis and Sharon, 1986). This grof@ipmteins is heterogenous as the lectins
differ from each other with respect to their biocteal properties, molecular structure and
sugar-binding specificities (Etzler, 1985).

Lectin-containing plants are found in many botahigeoups including mono- and
dicotyledons, molds and lichens. However, lechage mainly been detected in Leguminosae
and Gramineae (Etzler, 1986; Lis and Sharon, 1986ant lectins have been shown to occur
in virtually all tissues and organs but their camcations vary depending on the taxonomic
grouping, species, developmental stage and spdoifation within the plant. Often large
amounts of the lectin occur in storage organs siscbeeds and bulbs but may also be present
in the vegetative tissues such as the leaves cfaime plant. Seed lectins are mainly localized

in the cotyledonary parenchyma cells where theyeappuring the later stages of seed
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maturation (Etzler, 1985). In sorRaseolus species, seed lectins constitute up to 50% of the
total protein (Van Dammet al., 1998b) yet barely detectable levels are preseitdaves of
leek (Van Dammet al., 1993).

Many plant species contain more than one lectimelatively different proportions.
These lectins, which may occur in different tissaesat different developmental stages of the
same plant, may be related, or may differ with eespo physico-chemical and sugar-binding
properties (Lis and Sharon, 1986). For instant&obinia pseudoacacia, Maackia amurensis
and Sophora japonica, the bark and seed lectins are different and aeded by different
genes (Van Dammet al., 1998a). Multiple molecular forms of lectins dfisctins) with
different sugar specificities have been isolatednfCratylia mollis seeds (Santag al., 2004).
Isolectins, which can be encoded by the same gedéferent genes, may exhibit differences
in charge and amino acid sequence (Hoedemaatlar, 1994). The charge heterogeneity is
due to the frequently imprecise C-terminal poststational proteolysis (Van Driesschial.,
1988; Younget al., 1995).

Most plant lectins are glycoproteins as they caontavalently bound carbohydrates.
The glycoproteins are of two types, those contgniprimarily mannose and N-
acetylglucosamine such as the soybean agglutinth thnse containing L-arabinose and
galactose such as the potato lectin (Lis and Shd@86; Younget al., 1995). A number of
lectins of the first type, for example the lectiarh Erythrina cristagalli (Iglesiaset al., 1982),
also contain L-fucose and xylose. The carbohydnabesties are, however, not required for
biological activity as chemically deglycosylatedtago and tomato lectins retain their

haemagglutinating activity and carbohydrate speityf{Lis and Sharon, 1986).

2.4.1 Classification

Initially, plant lectins were classified into spicity groups depending on the sugar
that best inhibited either haemagglutination oypatcharide/glycoprotein precipitation by the

lectin (Goldstein and Poretz, 1986). Van Damme @mavorkers (1998a) proposed a further
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sub-division based on the overall structure ofldmtin subunits. Advances in the analysis of
the structure of plant lectins and their genes hrewe enabled lectins to be sub-divided into

families of structurally and evolutionarily relatpdbteins (Van Dammet al., 1998a).

2411 Based on Sugar Specificity

Customarily, the sugar specificity of lectins isagxned by the Landsteiner hapten-
inhibition technique. In this technique, differesutgars are tested for their ability to inhibit the
precipitin reaction between the lectin and a reacthacromolecule or the haemagglutination
reaction (Sharon and Lis, 1990). Based on thieron, six specificity groups have been
identified (see Table 2.1). These groups are: msewy) D-mannose/D-glucose-, D-
galactose/N-acetyl-D-galactosamine-, N-acetyl-Degikamine (chitobiose)-, L-fucose-, and
N-acetyl-neuramic (sialic) acid-binding (Van Damsbeal., 1998b).

Members of each group may differ with respect tonaaric specificity and affinity for
various analogs or derivatives of the sugar. Staoins such as concanavalin A and the pea
lectin exhibit pronounced anomeric specificity wédes other lectins such as those from
soybean and castor bean are indifferent (Goldsteth Poretz, 1986; Sharon and Lis, 1990).
Many lectins tolerate variations at the C-2 positiof the sugar to which they bind.
Consequently, D-mannose-specific lectins usuallo aleact with D-glucose and to some
extent with N-acetyl-D-glucosamine. However, toaftguration of the hydroxyl group at C-4
is critical as galactose-specific lectins do naictevith glucose and vice versa (Sharon and Lis,
1990).

Some lectins have a higher affinity for specifie dnd trisaccharides, and still others
interact more strongly with the oligosaccharide nthaith the given sugar monomer.
Generally, such lectins broadly recognize the alageharides but the specific sugar monomer
is usually at the non-reducing end (Sharon and19980; Weis and Drickamer, 1996). Certain
lectins react exclusively with oligosaccharides levluthers bind glycopeptides better than the

corresponding oligosaccharides. These lectinshimat exclusively to the complex (modified)
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oligosaccharide side chains of typical animal gpyoteins belong to the ‘complex specificity’

group (Sharon and Lis, 1990; Losatal., 1998) (see Table 2.1).

Table 2.1:Examples of Plant Lectins Exhibiting Different Spiedies

Specificity Plant Name Common Name Reference
Mannose Heliathus tuberosus Jerusalem Peumassal ., 2000
artichoke

Galanthusnivalis ~ Snowdrop Peumare al., 2000

D-mannose/D-glucose Lensculinaris Lentil Forierset al., 1981
Pterocarpus Mukwa tree  Loriset al., 2003
angolensis
D-galactose/ Glycine max Soybean Sharon and Lis, 1990
N-acetyl-D-galactosamine Erythrina Coral tree Shaanast al., 1991
corallodendron
N-acetyl-D-glucosamine  Solanumtuberosum Potato Ayoubat al., 1991
(chitobiose) Triticumvulgare Wheat Ayoubat al., 1991
L-fucose Ulex europeus | Furze (gorse) Thomas and Surolia, 2000
Lotus Asparagus pea Thomas and Surolia, 2000

tetragonolobus

N-acetyl-neuramic Sambucus nigra Elderberry  Shibuyat al., 1987
(sialic) acid Maackia amurensis Maackia Peumans and Van Damme,
1995
Complex Phaseolusvulgaris  Kidney bean Sharon and Lis, 1990
Griffonia (not known) Sharon and Lis, 1990

simplicifolia IV
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24.1.2 Based on Overall Structure of Mature Lecti

Lectins are sub-divided into four structural groupamely merolectins, hololectins,

chimerolectins and superlectins (see Figure 2.1).

Merolectin Hololectin Chimeroleciin
Hevein Ricin
Superlectin

Binding site

TxLC-1

Figure 2.1: Schematic representation of the four structunaésyof plant lectins: merolectins,
hololectins, chimerolectins and superlectins (frdf@an Dammeet al., 1998b). Con A is
concanavalin A and TxLC-1 is the tulip lectin.

Merolectins are small proteins consisting of a kingarbohydrate-binding domain
(CBD) (Van Dammeset al., 1998b; Neumanst al., 2004). These monovalent lectins are not
able to agglutinate cells or precipitate glycocgaijies. Typical merolectins include the chitin-
binding protein hevein from the latex of the rublteee Hevea brasiliensis) and the
monomeric mannose-binding proteins from orchidsn(ammeset al., 1998b).

Most plant lectins belong to the sub-group of hedtihs. Hololectins contain at least
two carbohydrate-binding domains that are eitheznidal or highly homologous and
consequently bind either the same or structuraftylar sugars (Van Dammet al., 1998Db;
Neumannet al., 2004). Given they are di- or multivalent, hotdlas are capable of

agglutinating cells and/ or precipitating glycoaaomgtes (Van Dammet al., 1998b).
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Chimerolectins are fusion proteins composed of &ataydrate-binding domain
tandemly arrayed with an unrelated domain (Van Dararal., 1998b; Neumanst al., 2004).
The latter domain may have another biological @&gtivsuch as enzymatic activity, but acts
independently of the carbohydrate-binding domain.Chimerolectins with multiple
carbohydrate-binding sites, such as the type Zdbw® inactivating proteins (RIPs), behave as
hololectins. On the other hand, chimerolectindwihe carbohydrate-binding site, such as the
class | plant chitinases, behave as merolectine (Manmeet al., 1998b).

Superlectins are fusion proteins composed of twaldenly arrayed structurally and
functionally different carbohydrate-binding domaif¥san Dammeet al., 1998b; Neumanet
al., 2004). This special type of chimerolectin redaga structurally unrelated sugars. The
chimeric nature of superlectins is illustrated bg protomer of the tulip lectin TXLC-I that
consists of an N-terminal mannose-binding domamdéanly arrayed with an unrelated N-

acetyl-D-galactosamine-binding domain (Camreua., 1986; Van Dammet al., 1998b).

2.4.1.3 Based on Evolutionary Relationships

Analysis of available gene and protein sequencésctifis distinguishes four large and
three small families of evolutionarily-related pemis. The major groups are the legume lectins
(Sharon and Lis, 1990), the chitin-binding lectiRsiikhelet al., 1993), the monocot mannose-
binding lectins (Van Dammet al., 1995b) and the type 2 ribosome inactivating pnste
(RIPs) (Barbieriet al., 1993). The small groups are the jacalin-reldetins, the amaranthin
lectin family and the Cucurbitaceae phloem lec{Wsn Dammeet al., 1998a).

Legume lectins are a large family of homologoustgins that are confined to the
species of the plant family Leguminosae (Sharonlaed1990). This family is of particular
interest in the present study (see Section 2.5).

The chitin-binding lectins are composed of one orarhevein domains (Raikhetlal.,
1993). Hevein, which consists of a single polympthain of forty-three amino acids, is rich

in glycine residues and contains eight cysteineduves that are involved in interchain
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disulphide bridges (Van Damnet al., 1998a; Neumanat al., 2004). Chitin-binding lectins
have been isolated from several taxonomically ateel plant families. Examples include the
Oryza sativa, the Solanum tuberosum and theViscus album lectins from the Gramineae,
Solanaceae and Viscaceae families respectively Daanmeet al., 1998a). However, it must
be noted that there are some chitin-binding leglengns and Curcubitaceae phloem lectins
without hevein domains.

Monocot mannose-binding lectins are a superfangluaing in six different families,
namely Amaryllidaceae, Alliaceae, Araceae, Orcledac Iridaceae and Liliaceae. These
lectins occur exclusively in monocotyledonous sege@nd have a marked sequence homology.
Examples are th@llium ursinum and theAllium sativum (garlic) lectins (Van Dammet al.,
1998a; Zhaat al., 2003).

Ribosome inactivating proteins (RIPs) catalyticalhactivate eukaryotic ribosomes.
Type 2 RIPs possess a highly specific rRNA N-glydase activity and exhibit carbohydrate-
binding activity (Barbieriet al., 1993; Van Dammest al., 1998a). These lectins are a
superfamily of structurally unrelated proteins tlaaé found in members of taxonomically
unrelated plant families. Examples include ridime Abrus precatorius and theSambucus
nigra lectins of the Euphorbiaceae, Fabaceae and thbé®ateae families respectively (Van
Dammeet al., 1998a).

Jacalin-related lectins comprise of all carbohyeHanhding proteins that share
sequence similarity with the T-antigen specific laggin from jack fruit Artocarpus
integrifolia). This group is made up of a few galactose-speddctins from the family
Moraceae, namelArtocarpus and Maclura, as well as many mannose-binding lectins
(Peumanst al., 2000; Rougét al., 2003). The galactose-specific lectins, suctaealin from
jack fruit, are located in storage protein vacu@ed are tetramers composed of lenghains
that are non-covalently associated to siffosubunits. On the other hand, mannose-specific

lectins such as the one found in rhizomes of hdugdweed Calystgia sepium) consist of
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uncleaved protomers and are located in the cytop(&an Dammeet al., 1998a; Peumaret
al., 2000; Rougét al., 2003).

Many Cucurbitaceae species such asMoeordica charantia and theTrichosanthes
cucumerina are cultivated in many countries (Kenathal., 2003). These Cucurbitaceae
species have lectins in their phloem exudates. l&tten genes, for instance in pumpkin, are
expressed in companion cells of phloem tissue (Boktet al., 1992).

The Amaranthin group comprises of closely relatedctyl-D-galactosamine-specific
lectins isolated from variousimaranthus species where they are typically found in seeds.
These lectins are homodimeric and thearanthin caudatus lectin is an example of lectins

belonging to this group (Van Damreeal., 1998a).

2.4.2 Physiological Functions

The widespread occurrence of plant lectins andr tbenservation during evolution
suggests that they may have some fundamental Igalogole in the plant, yet their
physiological function is still not clear (Etzlet986; Putszai, 1991). Specific carbohydrate
binding properties of lectins have led to the psgddhat they serve as recognition molecules
within the cell, between cells and between orgasi§@hrispeels and Raikhel, 1991; Peumans
and Van Damme, 1993).

The bulk of lectins are localized in protein bodiestorage tissues of seeds, rhizomes,
tubers, bulbs and bark. As a consequent of tleegation in cell vacuoles and their general
pattern of synthesis, lectins are thought to benipastorage proteins (Law, 2000). This
proposal is supported by the fact that lectins w@titzed by the germinating seed and are
synthesized during seed development (Ridiger, 19R%)zomes and bulbs also mobilize their
reserves upon emergence of a new plant to prowidegtowing shoot with amino acids
(Peumans and Van Damme, 1993).

Lectins may also play a role in packaging storageens in protein bodies (Rudiger

and Rougé, 1998)In vitro studies indicate that the pea seed lectin bindbdcseed storage
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protein vicilin and phospholipid monolayers of tineembrane of protein bodies. This
observation suggests that this lectin may seneelask between other storage proteins and the
inner surface of the protein storage vacuole inettgung seed storage tissue (Higgehsal.,
1983b; Brewin and Kardailsky, 1997).

Lectins have also been implicated to have a rolhéndefense mechanisms of plants
(Chrispeels and Raikhel, 1991; Peumans and Van RantfA93; Zhaoet al., 2003).
Glycoconjugates such as chitin in the fungal celllyor fetuin and mucin found on the surface
of the intestinal tract of plant predators suclmeasatodes, insects and higher animals are more
complex than those common in plants. The fact pett lectins are capable of recognizing
and binding these glycoconjugates when seeds oer gblant organs are attacked by
microorganisms or eaten by plant predators suppbes possible role in plant defence
(Peumans and Van Damme, 1995; Duranti and Giug;M8oreet al., 2000).

Gatehouse and co-workers (1990) proposed that &mties have insecticidal activity
based on the high toxicity of ricin to the coleoptes Callosobrucus maculatus and
Anthonomus grandis. When tested in artificial diets, the snowdrdpal@nthus nivalis)
agglutinin has been identified to be toxic towahdsoptera insects such as the rice brown
planthopper (Zhaet al., 2003). Moreover, the expression of the snowdegfirl in transgenic
tobacco plants resulted in the appearance of groteagainst aphids (Hildet al., 1995).

The chitin-binding lectins from the latex of théher treeHevea brasiliensis and from
the seeds of the amaranfhmaranthus caudatus have been definitely shown to inhibit fungal
growth (Peumans and Van Damme, 1995; Ridiger any&3dl998). A lectin fronTalisia
esculenta seeds also inteferes with fungal growth (Frefral., 2002). In addition, the anti-
nutritional reactions associated with legume lectiaduce the digestibility of plant storage
tissues by herbivorous predators and other plaihiogans (Sharon, 1994; Moceeal., 2000).

For instance, the common bean is not attractiyeossible predators because the accumulation
of large quantities of théhaseolus vulgaris lectin, phytohaemagglutinin, leads to severe

effects on the intestine of higher animals (Putsiza91).
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Lectins are also thought to serve as mediatorsi@fsymbiosis between the nitrogen-
fixing microorganisms,Rhizobia, and leguminous plants (Diaat al., 1989; Brewin and
Kardailsky, 1997; Mooret al., 2000). The experimental findings reported sockamnot be
generalized yet these demonstrations strongly stppis hypothesis. Firstly, the lectin in
Pisum (pea) roots is responsible for specific recognitdy the bacteria as demonstrated by the
fact thatTrifolium (clover) roots transformed with Risum lectin gene are nodulated by the
Pisum-specific Rhizobium strain which normally does not nodulate cloveraiit al., 1989;
Sharon, 1994). Secondly, the peanut root agghuiRRA-II) from Arachys hypogaea was
found on the surface of seven-day old peanut segdliots, suggesting its possible role in the
recognition ofRhizobium by the peanut root (Kalst al., 1995). Thirdly, the accumulation of
the lectin found in peanut nodule tissues, is ddpehon factors related to nitrogen supply and
demand (Law, 2000). Chrispeels and Raikhel (198dyyever, speculate that the role of
lectins in symbiosis may have evolved from theifigtto agglutinate and immobilize bacteria

as a defense mechanism.

2.4.3 Anti-Nutritional Properties

Plant-based foodstuffs such as salads, fruitsgespdry cereals and roasted nuts contain
appreciable but varying amounts of lectins. Thesgins are responsible for the poor
intolerance of many raw legumes, the tomato andatvigerm lectins by both humans and
livestock (Liener, 1986; Duranti and Gius, 1997ntolerance may be due to the appetite-
depressing effects and/or resistance to gut prnasol(Pusztai, 1991; Vasconcelos and
Oliveira, 2004). Interaction of the lectin withetigut’s microbial flora can result in a change in
the composition of microorganisms or selective otical overgrowth. The different toxic
metabolites produced may eventually enter the systeirculation resulting in anti-nutritional
and mild allergic effects (Liener, 1986; Van Damehal., 1998b).

Putszai and co-workers conducted a series of cdmpsive studies (Liener, 1986;

Pusztaiet al., 1993a) that definitely identified the lectin & tmain factor responsible for the



18

toxicity associated with the consumptionRfvulgaris in its raw form. Animals fed on the
purified phytohaemagglutinin showed that when itggsthis lectin is highly resistant to gut
proteases. In addition, the lectin binds to brbshder cells of the intestine and is rapidly
endocytosed into the cells where it induces enldhnetabolic activity that eventually leads to
overgrowth of the small intestine. Rats fed ortdmontaining genetically modified potatoes
expressing th&alanthus nivalis lectin showed proliferation of the gastric muc¢Baen and
Pusztai, 1999).

Normal cooking inactivates some lectins but othetgsh as the wheat germ lectin,
survive heat treatment (Liener, 1986; Granal., 1995). An outbreak of gastroenteritis has
been reported in many instances following the conion of partially cooked beans (Liener,
1986; Vasconcelos and Oliveira, 2004).

Morphological changes in the intestinal mucosaehiaeen reported to accompany the
ingestion of lectins present in a number of planfhese multivalent lectins interact with
glycoconjugates on the surface epithelium (PusZt@81) and this interaction appears to
reduce digestion and impair absorption of otherients. Moreover, gut protein losses, most
likely mucin, increase, leading to malnutrition asdbsequent weight loss (Liener, 1986;
Mooreet al., 2000).

Oral administration of low doses of some lectirsyimhowever, have beneficial effects
on the gut's immune system, absorptive efficienbgcterial flora and endocrine system
(Pusztai and Bardocz, 1997). For instance, thevdrap lectin prevents colonization of the
gut byEscherichia coli as it blocks the fimbrial intestinal receptors §Paiet al., 1993b; Van
Driesscheet al., 2000). Mistletoe \(iscum album) lectins, when administered to healthy
adults, initiate an immunomodulating response asleexed by a strong proliferation of
peripheral blood mononuclear cells that is acconguhfy increased production of both

tumour necrosis factar and interleukin-6 (Prymet al., 2004).
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2.4.4 Purification and Detection

Most plant lectins are isolated from seeds asetle® a cheap, rich and readily
available source of lectins. The seeds are fiestahted as the seed coat usually contains
tannins and other phenolic compounds that areyliteinterfere with subsequent purification
steps (Rudiger, 1988). De-coated seeds are thmmgrto a fine seed meal. Lipids and
coloured materials are removed from the seed m&alywrganic solvents such as hexane,
methanol or petroleum ether (Goldstein and Pol&&6).

Generally, purification of the lectin begins withsaline or buffer extraction of the
finely ground fat-free seed meal. Cell debri isnowed by filtration through cheesecloth
followed by centrifugation. Ammonium sulphate fianation of the crude extract yields a
lectin-containing precipitate that can be re-sdimbd. Low pH and heating can be employed
to remove acid-soluble and heat-stable lectinsedsgely. Most legume lectins require
cations such as calcium and manganese in the gatrduuffers if the proteins are to remain
fully active (Rudiger, 1988).

Although conventional techniques such as ion exghaand molecular exclusion
chromatography have successfully been used toypladtins, partially purified lectins are
usually subjected to affinity chromatography on iofmfized sugar or glycoconjugates. This
technique exploits the specific sugar-binding capaaf the lectin, after which the adsorbed
lectin is then specifically eluted by adding fregahd or acid (Rudiger, 1988; Kenneeyal.,
1995).

Detection of lectins is normally by agglutinatiohfiesh animal or human erythrocytes.
The lectin, which usually has at least two sugardinig sites, is able to cross-link cells by
binding to the carbohydrate antigens expressedhensturface of red blood cells. This
interaction leads to clumping of the latter and ¢e#s form aggregates that, if large enough,
are visible to the naked eye (Boornmatral., 1988; Swairet al., 1996). Activity of the lectin is

expressed as titre, that is, the reciprocal ofntlagimal dilution of the lectin that gives visible
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aggregation. It must be noted, however, that sgowf haemagglutination activity is
subjective (Swairt al., 1996).

In some cases, the erythrocytes are first digestg#d enzymes such as papain,
neuraminidase or trypsin, to render them more 8eesio agglutination. Such treatment
exposes carbohydrate structures that are normalbedded within the cell surfaces (Goldstein
and Poretz, 1986; Machukaal., 1999).

Latex bead agglutination can be used to deteankgparticularly in laboratories that
lack facilities to handle blood products. In tteshnique, polystyrene latex beads coated with
glycoconjugates such as ovalbumin and horseradistxlase substitute the erythrocytes, and

bovine serum albumin, a non-glycosylated protamsed as a control (Kaetlal., 1991).

2.4.5 Applications

The specific and reversible carbohydrate-bindirapprties of lectins, coupled with the
ease of their preparation, make these proteinduakte tools in diverse areas of biological,
biomedical and biochemical research.

Lectins immobilized on solid matrices act as liggffor affinity chromatography in the
purification of sugar-containing macromoleculeskimg it possible to isolate glycoconjugates
from complex biological mixtures (Kobata and End§92; Sharon, 1994). The high
specificity of lectins allows the resolution of sty related compounds such as glycoforms of
a glycoprotein or glycopeptides that differ onlightly in the structure of their carbohydrate
chains (Sharon, 1994; Rabal., 1998).

Routinely, lectin-binding is employed to demontrahat membrane receptors for
hormones, growth factors, neurotransmitters, immglotulins and toxins are glycoconjugates
(Sharon, 1994). Cells, cell organelles and sulHeglcomponents can be fractionated using
lectins. For instance, mouse splenocytes can digidnated into B and T cells using the

soybean agglutinin that agglutinates the B submdjmu. The soybean agglutinin is also used
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to remove immunocompetent lymphocytes from humamreboarrow used for transplantation
(Kilpatrick, 1995; Sharon and Lis, 1998; Yihal., 2001).

Traditionally, lectins are used as blood cell tgpagents that identify and distinguish
between markers on erythrocyte surfaces in the ABOd grouping system. The lectin from
Lotus tetragonolobus serves to identify blood type O cells while thadnh Dolichos biflorus
binds more strongly to type,Ahan to the A subgroup. The lectin froidicia graminea is
specific for blood type N and is used to differatgibetween M and N cells (Sharon, 1994).

Lectins with known carbohydrate specificities ¢@used to characterize and localize
oligosaccharides on cells. Cell surfaces can tberde probed, using these lectins, to detect
changes in carbohydrate patterns that occur duwetlgdevelopment and diseases such as
cancer (Sumar, 1994). Consequently, lectins taggédd fluorescent dyes, enzymes, gold
particles or biotin (Sharon and Lis, 1998), havmga wide application in both histochemistry
and diagnostic histopathology (Gabius and Gabi@81,1Brookset al., 1997; Ewen, 1998).
For instance, since the demonstration that the ygeagglutinin binds malignant cells in
preference to normal cells in breast glands, #utin has been used widely as a probe to detect
malignant cells in several tissues (Kilpatrick, 29€hacko and Appukuttan, 2001).

Binding of some lectins to cells, results in tloghation of mitogenesis in lymphocyte
populations (Sharon, 1977; Seshagirirao and Prak2@b; Singhet al., 2004). Mitogenic
lectins, such as concanavalin A and phytohaemaggluthave been used to characterize
polyclonal activation of T-lymphocytes (Kilpatrick995). Activated lymphocytes proliferate
and secrete a broad range of cytokines in largeuatao(Mooreet al., 2000). Mitogenic
stimulation by lectins provides a simple way ofesssng the immunocompetence of patients
suffering from diseases like AIDS and monitoringe tleffects of immunosuppressive
manipulations such as stress. In addition, sinc@mosomes are easily visualized in
stimulated cells, mitogenic stimulation is also émgpd for the preparation of chromosome

maps for karyotyping, sex determination and dedeadf chromosomal defects (Sharon, 1994).
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The use of lectins as therapeutic agents, whemtiing are used to target and deliver
drugs to their site of action, is still at expermted stages. The rationale behind lectin-
mediated drug targeting is that diseased cells sisctransformed and cancerous cells often
express different glycans compared with their nérowunterparts. Consequently, lectins
could be used as carriers to target drugs speyfitadifferent cells and tissues (Beagsal.,
2004). In 1988, Wooley and Naisbett proposed the of the tomato lectin to target the
luminal surface of the small intestine whereby teetin would demonstrate bioadhesion.
Besides the targeting to specific cells, the lestigar interaction can also be used to trigger
vesicular transport into or across epithelial c@siset al., 2004).

Genes of some plant lectins have been expresdeanisgenic plants in a bid to confer
resistance to attack by insects and nematodes éyadhicultural crop. For instance, the
snowdrop lectin has been successfully expressednsgenic tobacco (Hildet al., 1995) and
rice (Foissaet al., 2000) resulting in added protection of the pladainstMyzus persicae, a
peach-potato aphid aridephotettix virwscens, a green leafhopper respectively. It is, however,
advisable to produce transgenic plants with a coatlmn of lectin genes and other toxic
proteins such as chitinases, proteases and amilhd®tors as predators tend to become

tolerant to a single protectant (Sharon and LiS8)9

2.4.6 Lectin Genes

Many plants contain multiple lectin genes as eweenby the fact that some plants
have more than one lectin (Sharon and Lis, 199@JeEt1992). These lectins can be
expressed in the same tissue, or differentially resged in different tissues and/or
developmental stages (Jordan and Goldstein, 19989r instance, the peanuBréchis
hypogaea L) was shown to originate from a multigene familywhich the gene for the nodule
lectin is different from that of the seed lectiragl, 2000). The isolectins found in the dimeric
wheat germ agglutinin are due to the random contioimaf different subunits, each produced

by a separate genome in the polyploidy wheat (Etz@92).
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DNA sequence determination of the lectin genesrbasaled the absence of introns
(Van Dammeet al., 1998a; Srinivast al., 2000; Stancombet al., 2003). For instance,
Hoffmann and Donaldson (1985), Yamauchi and Minawik (1990) and Sharma and co-
workers (1996) showed that the respective genedamg phytohemagglutinin from
Phaseolus vulgaris, concanavalin A fromCanavalia gladiata and the winged bean basic
agglutinin (WBAI) from Psophocar pus tetragonolobus have no intervening sequences. Lack
of introns explains why the lectin genes are fuor@l even when they are expressed in
bacteria.

Although lectins are found in numerous plant speoiedifferent taxonomic groupings,
amino acid sequencing of the proteins as well aleentar cloning of the lectin cDNAs has
been carried out mainly in legumes (Sharon and 1890; Van Dammeet al., 1995b).
Complementary DNA clones have been used as probesasure levels of lectin mRNA in
legume tissues. Transcripts hybridizing with tiENAs increase during the mid-maturation
stage of development of seeds and decrease dunentpter stages (Higging al., 1983a;
Etzler, 1986; Machukat al., 1999). The increases in lectin mRNA indicate mmat
production of lectins at this stage (Yamauchi anihdvhikawa, 1990), suggesting that the
accumulation of lectins in legume seeds may belaggn at the transcriptional stage (Etzler,
1985; Lis and Sharon, 1986).

Both the amino acid and nucleotide sequences aitegectins show a high degree of
homology (Sharon and Lis, 1990). To date, howeletin genes from species belonging to

many taxonomic groups have been cloned (Van Dastrale, 1998Db).

2.5 Legume Lectins

Legume lectins are a large family of homologouschydrate-binding proteins that
are found exclusively in the plant family Legumiaes(Sharon and Lis, 1990; Lo al.,

1998). However, not all lectins found in legumes leagume lectins. For instance, the class |
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chitinase fromPhaseolus vulgaris belongs to the chitin-binding lectins (Van Damsteal .,
1998a).

Generally legume lectins are classified into twoups, the one-chain and the two-
chain lectins. The one-chain lectins are eithareis or tetramers of one type of subunit. The
two-chain lectins are made up of two different suitsy thea- or light chain and th@- or
heavy chain, held together by non-covalent foré&mn(Driessche, 1988). Examples of the
one-chain lectins are the soybean agglutinin andoplaemagglutinin and those of the two-
chain lectins are from pea and lentil seeds (Leiréd., 1998).

Abundant quantities of legume lectins are foundntyain mature seeds with smaller
amounts present in vegetative tissues such asdeatems, bark, roots and nodules. These
lectins, which are broadly distributed and easipplated, exhibit a wide variety of
carbohydrate specificities in spite of their str@ggjuence and structural conservation (Sharon
and Lis, 1990; Rini, 1995; Regd al., 2002). Consequently, legume lectins are the mode
system of choice for studying the molecular badisrexognition between proteins and

carbohydrates (Morerai al., 1997; Loriset al., 1998; Manogt al., 2000).

2.5.1 Biosynthetic Pathway

Legume lectins are synthesized on the endoplassticulum (ER) as pre-proproteins
and subsequently enter the secretory pathway.pfidlectins are converted into mature lectins
by post-translational modifications (Higgiassal., 1983a; Van Driessche, 1988).

A leader or signal sequence of about twenty amond @esidues precedes the chain of
the mature lectin and guides its transport intolaheen of the ER. Co-translational processing
involves the removal of the signal peptide by angigeptidase and if glycosylation sites are
accessible, oligosaccharides are N-linked by acgiyitransferase (Lord, 1985; Van Driessche,
1988; Rudiger, 1997; Van Damnmekal., 1998a). The prolectin is further processedrauor

after intracellular transport from the ER via thel@ apparatus to the storage vacuoles. This
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processing involves proteolytic cleavage of N-terahi C-terminal or internal peptides of the
polypeptide backbone as well as a series of comglgcan modifications arising from both
the addition and subsequent removal of sugar resiquord, 1985; Van Driessche, 1988;
Rougeet al., 1991; Van Dammet al., 1998b).

Analysis of legume lectin genes and their produsticate that both one-chain and
two-chain lectins are derived from similar precuss(see Figure 2.2). The mRNA encoding
one-chain lectins is converted into the prolecyntlie co-translational removal of the signal
peptide. The prolectin is then transported via@wdgi complex to the vacuoles where it is
converted into the mature polypeptide by the rerhofra C-terminal propeptide. Synthesis of
the two-chain lectins takes place in a similar veagept that the latter undergo an additional
proteolytic processing on the carboxyl side of apa@agine residue by a specific vacuolar
endoprotease (Lord, 1985; Van Driessche, 1988; Bebal., 2000). This processing gives
two smaller polypeptides and in some cases, athenpea lectin, is accompanied by the
removal of a short internal peptide (Lord, 198%3he position of the cleavage site determines
whether the resulting polypeptides are similar ire sas in theCladrastis lutea lectin, or
dissimilar as in th&/icia faba lectin (Van Driessche, 1988; Van Damstal., 1998b).

Legume lectins belonging to the Diocleae tribe, gganCanavalia and Dioclea,
however, undergo a unique, complex mode of prgpeatessing from that described above
(Vvan Driessche, 1988). This biosynthetic pathwagswirst described foiCanavalia
ensiformis (Con A) (Carringtonet al., 1985). This lectin is first synthesized as aactive
glycosylated pre-proprotein. Co-translational rficdtion involves the removal of the signal
peptide to give an inactive glycosylated prolegirgCon A. An internal glycosylated peptide
is then excised from proCon A and the resultingtideg are transposed and re-ligated.
Finally, a tetrapeptide is removed from the N-temasi of the ligation product to give active
Con A (Carringtoret al., 1985; Van Driessche, 1988; Rougiéal., 1991; Van Dammet al.,

1998a).
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Figure 2.2: Schematic representation of the biosynthesis, and post-translational
modifications of legume lectins (taken from Van éxsche, 1988). CHO stands for
carbohydrate moiety, SBA for soybean agglutinin, APibr phytohaemagglutinin from
Phaseolus vulgaris, VFL for Vicia faba lectin, PSL forPisum sativum lectin, LCL for Lens
culinaris lectin, Con A for concanavalin A.

2.5.2 Structure

Typically, legume lectins are built up of two orufoidentical or highly homologous
subunits that are held together by non-covalergramtions (Van Driessche, 1988; Van
Damme et al., 1998b). Consequently, legume lectins are suiglelil into dimeric and
tetrameric forms according to the number of prot@niRougeet al., 1991; Van Dammet al.,

1998a). Each subunit has a molecular mass of 2B tkDa and usually consists of a single
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polypeptide chain of about 250 amino acid residdassome instances, the polypeptide chain
is partly cleaved into two smaller polypeptidest thige either similar or dissimilar in size (Van
Driessche, 1988; Van Damreeal., 1998b).

Most legume lectins are glycosylated, containingsraall number of N-linked
carbohydrate units. These glycan chains can bhi¢iremannose type or of the complex type.
The soybean lectin contains an oligomannose si@nchvhereas théhaseolus vulgaris
haemagglutinin contains both high-mannose and cexniyipe glycans. The carbohydrate is,
however, not required for the sugar-binding aagsitof the glycoprotein lectins (Sharon and
Lis, 1990; Van Dammet al., 1998b).

All legume lectins contain the divalent cations®Cand a transition metal, usually
Mn%*, at specific metal-binding sites. The metal iowhjch are found in each subunit, are
held in place by interactions with specific amincdaresidues and are essential for the
carbohydrate-binding activity of the lectins (Shaand Lis, 1990; Van Damnet al., 1998Db;
Neumannet al., 2004). These ions stabilize an unustisipeptide bond between an alanine
and an aspartate residue such that the aspartitecisain is correctly positioned for sugar-
binding (Hamelryclet al., 1998; Loriset al., 2004).

A number of legume lectins have been sequencecdhésical means or by deducing
the amino acid sequences from the nucleotide sequaircDNAS or genomic DNA fragments.
Comparisons of the different amino acid sequenbesvghat they all share a high degree of
sequence similarity over the entire length of #&ih monomer and contain highly conserved
regions (Strosberg al., 1986; Van Driessche, 1988; Sharon and Lis, 19@; Dammeet al.,
1998a).

The legume monomer is a jelly-roll motif (see Fg@.3) that comprises of a flat six-
stranded bacl3-sheet and a curved seven-stranded fifgusheet joined by a small five-
strande3-sheet (S-sheet) and a number of loops intercomettte sheets (Loriat al., 1998;
Vijayan and Chandra, 1999; Bamal., 2001). The orientation of the anti-parallel stta of

the B-pleated sheets changes from one face to the giieg rise to a very strong and rigid
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structure (Hamelryckt al., 1998; Van Dammet al., 1998a). Th@-sandwich is dome-shaped
and the shallow depression at the apex of the dona&le up of four loops, forms the
carbohydrate-binding site (Rudiger, 1997; Hamelrgtkal., 1998; Vijayan and Chandra,
1999). Studies by Sharma and Surolia (1997) anddung and Oomen (1992) demonstrated
that variations in the length of a particular lcmpd/or substitutions of a few amino acids that
are involved in sugar-binding activity greatly charthe structure of the binding site without
affecting the overall three-dimensional structuiréhe lectin monomer.

Apart from the carbohydrate-binding site, the legumonomer also contains a
hydrophobic cavity that consists of mainly consdryg/drophobic residues. Hydrophobic
glycosides and hydrophobic derivatives of monosagdls bind more strongly to this cavity
than the analogous non-hydrophobic compounds. ddugy may also be responsible for the
non-covalent binding of the plant hormone auxin adénine (Strobergt al., 1986; Sharon

and Lis, 1990; Van Dammet al., 1998a; Hamelryckt al., 1999).
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Figure 2.3: Overall structure of th@terocarpus angolensis (mukwa) seed lectin. Schematic
representation of the mukwa seed lectin dimer io énthogonal orientations. One monomer
is a darker shade than the other and the sphepessent the calcium and manganese ions.
Two bound molecules of Man(1-3)Man are shown inh @adl stick representation (taken from
Loris et al., 2004).
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2.5.3 Lectin-Sugar Interaction

Interaction of lectins with sugar moieties has be&mdied using a combination of
approaches. These approaches include photoaffialigling of ligand binding sites and
peptide mapping (Diaz-Maurired al., 1998), computer modeling and ligand docking based
crystallographic studies (Gohiest al., 1996; Neumanret al., 2004), nuclear magnetic
resonance (NMR) spectroscopy and molecular mod€{@igeonget al., 1999), site-directed
mutagenesis (Sharmat al., 1998) and construction of lectin chimers (Yamamet al.,
2000a).

Lectin-sugar interaction occurs in the carbohyd(atrgar)-binding site at the surface of
the lectin monomer and is stabilized by hydrogemdsoand hydrophobic interactions
(Drickamer, 1997; Calvetet al., 1999). Interactions of the sugar with residuesthe
combining site are either direct or mediated byewatolecules (Weis and Drickamer, 1996).
The sugar-binding site is a shallow cleft formedfbyr distinct regions of polypeptides that
form loops connecting th@g-strands (Rudiger, 1997; Sharma and Surolia, 1B@melrycket
al., 1998). These loops are designated A, B, C af@harma and Surolia, 1997).

At the centre of the combining site are two highbnserved residues, aspartic acid
(Asp) and asparagine (Asn), belonging to loops A @nrespectively, which are crucial in
sugar binding. These residues, which are postidryetheir interactions with the calcium ion,
along with the backbone NH of a glycine (Gly) ogiaine (Arg) residue (loop B), participate
in four key hydrogen bonds with the sugar (Youndg &omen, 1992; Sharma and Surolia,
1997; Raoet al., 1998; Neumanmt al., 2004). Thus, for instance, in the mannose/glecos
specific lectins such as concanavalin A and the Ipetin the &' and &° of Asp accept
hydrogen bonds from C6-OH and C4-OH where&sdfl Asn and the peptide of Gly or Arg
donate to C4-OH and C3-OH respectively. On theemtland, in galactose/N-

acetylgalactosamine-specific lectins such as peamtithe soybean agglutinin®and &2 of

Asp accepts hydrogen bonds from C4-OH and C3-Opeatively, while N? of Asn and the
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peptide of Gly both donate to C3-OH (Young and Ooni92; Sharma and Surolia, 1997,

Hamelrycket al., 1998).

GIn 219

Figure 2.4: Schematic diagram showing monosaccharide recognitjolectins. The left
diagram shows the binding of glucose to concanavaliwhile the right one shows the
binding of galactose to tHerythrina corallodendron lectin (taken from Lorigt al., 1998).

In addition to the hydrogen bonds, stacking intéoas with a hydrophobic residue
phenyalanine (Phe), tyrosine (Tyr), tryptophan JTapleucine (Leu) from loop C stabilize the
sugar. The basic framework of monosaccharide rétiog is completed by interactions with
backbone atoms from loop D, which contributes astrbree hydrogen bonds (Sharma and
Surolia, 1997). The particular residues from I@pwhich interact with the sugar, vary from
lectin to lectin (Rat al., 1998).

Different selectivities can be accommodated inie tommon basic structure because
of the shallowness of the sugar-binding site ardlithited number of contacts with the sugar

(Drickamer, 1997; Sharma and Surolia, 1997).
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2.5.4 Sugar-Binding Site

The amino acid residues of the sugar-binding s#gion vary widely resulting in
dissimilar topography of the binding site (Younglabomen, 1992). However, at the core of
the sugar-binding site is a conserved triad, Asfpap A, Gly or Arg in loop B and Asn in
loop C. The site is designed such that a monosaickh is allowed only in a defined
orientation, which depends on the amino acid emwivent. Firstly an equatorial hydroxyl
such as C4-OH in mannose and C3-OH in galactodigdsted towards the space in the midst
of the triad, that is, & of Asp in loop A, NH of Gly (or Arg) in loop B an® of Asn in loop
C. Secondly, an axial hydroxyl or a hydroxymetgybup must be the hydrogen bonding
partner for & of Asp in loop A (Sharma and Surolia, 1997).

It is thought that, apart from the primary bindsite of the lectin, additional binding in
extended or sub-sites occurs. One monosacchasde]ly the terminal one, is bound at the
primary binding site of the lectin, with additionalonosaccharides along the carbohydrate
chain being bound to the secondary sub-sites (EHgand Shaanan, 1997; Hamelngtlal.,
1998). Interactions made by these sub-sites eehtecaffinity for di- and oligosaccharides
(Weis and Drickamer, 1996; Loris, 2002). Differdattins with the same monosaccharide
specificity may recognize different regions on thaface of oligosaccharides leading to
differences in the details of their specificity faligosaccharides (lglesias al., 1982; Loriset

al., 2003).

2.5.5 Primary Sugar-Binding Specificity

X-ray crystallography has been employed to asdessstructural basis of selective
sugar recognition by lectins (Rini, 1995; Weis dhdckamer, 1996; Elgavish and Shaanan,
1997). Selectivity for different sugars results nfrospecific hydrogen bonds to key
distinguishing hydroxyl groups. Once an orientatie established, undesired recognition is

precluded by steric exclusion of certain groupsuiYgp and Oomen, 1992; Drickamer, 1997).
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For instance, the peanut agglutinin binds galactBseerjeeet al., 1994) but does not bind N-
acetyl-galactosamine due to the presence of thtarmgla acid residue 129. This residue
protrudes into the binding site thereby stericgdhgventing the accommodation of a bulky
substituent at the C-2 position (Sharehal., 1998).

Generally, monosaccharide components can be ¢tabgito two groups based on the
recognition pattern of lectins (see Figure 2.4youp 1 is composed of mannose, glucose and
N-acetylglucosamine while group 2 consists of the4-€pimers galactose and N-
acetylgalactosamine. Sugars belonging to groupvk lan equatorial 4-hydroxyl (OH) group
whereas group 2 sugars have an axial 4-OH grougaygh and Shaanan, 1997; Drickamer,
1997). In their pyranose form, the sugars shagestime arrangement of the 3-OH group, the
ring oxygen and the carbons at positions 5 andlbe two groups are distinguished by the
orientation of the 4-OH whereas within each grdup drientation and substitution at position
2 of the ring varies (Drickamer, 1997).

This primary specificity, however, does not alwagsve as a clear indication of the
overall selectivity, indicating that additional iatfon in the binding site contributes towards
specificity (Shaanaagt al., 1991; Rini, 1995; Sharma and Surolia, 1997). iRetance the
Griffonia simplicifolia IV lectin shows no detectable monosaccharide-bmdiapacity, yet
galactose is required for the binding of the Lelwislood group oligosaccharide (Elgavish and
Shaanan, 1997). Multiple binding, mechanisms alitehal binding in sub-sites and subunit
multivalency possibly also contribute towards theerall selectivity of the bound sugar

(Elgavish and Shaanan, 1997; Loris, 2002).

2.5.6 Molecular Basis of Sugar Specificity

The specificity of legume lectins toward differentgars appears to be associated with
extensive variations in amino acid residues forntimg perimeter of the sugar-binding sites
(Shaananet al., 1991; Young and Oomen, 1992; Sharon and Lis, 1998he outer

hypervariable zone defines the shape of the outeof the binding site and may interact with
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larger oligosaccharide ligands. The fairly var@alabne around the conserved core includes
aromatic amino acid residues whose shapes helfearemosaccharide specificity (Young and
Oomen, 1992). Subtle variations in the shape arel a¢f amino acid residues lining the
combining sites possibly could also account foriatams in ligand affinity among
glucose/mannose-specific lectins (Shaaetaad., 1991). Moreover, the distinct differences in
anomeric specificity observed amongst the wingeahbectins | (basic) and Il (acidic), the
Erythrina corallodendron lectin and the peanut agglutinin may be due tcsth#le differences

in sequence and structure of their D loops (Srswetal., 2000).

Comparison of lectin sugar binding sites by Rao @navorkers (1998) showed that the
four invariant residues Asp in loop A, Gly in lo&p Asn and an aromatic residue Phe or Tyr,
in loop C occupy nearly identical positions. WhAsp, Asn and Phe or Tyr constitute the
basic binding site itself, the Gly in loop B andeoor two amino acid residues in loop D hold
the sugar tightly on either side of the site by nseaf hydrogen bonds (Ra al., 1998).
Given that the Gly in loop B is invariant, variat®in conformation and sequence of loop D
therefore possibly control sugar specificity ingbdectins (Raet al., 1998).

Sharma and Surolia (1997), however, suggestedribatize of the sugar-binding loops
is essential in determining sugar specificity (§eégure 2.5). The highly variable loop D,
which has long been recognized as an importantidis@atory factor of the particular sugar
bound by a given legume lectin (Elgavish and Shaad897; Sharma and Surolia, 1997,
Hamelryck et al., 1998; Loriset al., 2003), shows gross difference in size between
mannose/glucose-specific and galactose/N-acetylgsamine-specific lectins (Sharma and
Surolia, 1997). While there is significant sequeneariation of loop D in all the
mannose/glucose-specific legume lectins analyze8&Harma and Surolia (1997), the loop is
identical in size (Thomas and Surolia, 2000). aéactose/N-acetylgalactosamine-specific
lectins characteristically have longer D loops, lsthiamongst known chitobiose or N-
acetylglucosamine-specific lectins, the size ofpld® is conserved in spite of the extensive

sequence differences. The size of the backbotmopfD has therefore been implicated as the
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primary determinant of sugar specificity. Sequeanealyses, however, show that sequence
differences and variation in the size of loop Cjalifurther influences the size and openness
of the binding site, also contribute to determingggar specificities (Sharma and Surolia,

1997; Loris, 2002; Lorist al., 2004).

12 residues 13 residues 14 residues 15 residues 16 residues
WBA—A WBA-E pDBS8 DBL CONA FRIL LOL  UEA- MAL PAL
PHA—-L RPA GS—=IV  PNA UEA-I

(a) ECorL WWL-B4 GSI-B4
9 residues !D rﬂEldl.IEE residues residues 13 residues 17 residues
GS—IV PNA UEA=] HAL UEA=Il ECorlL DBL DBESEB WBAB

GDNA FR‘IL GSI-B4 WBA—-A RPA PHA-L
(b) LOL VWL-B4

Figure 2.5: Loop conformations in the sugar-binding sitesegiume lectins. (a) conformations
observed for loop C and (b) conformations obsergedoop D suggesting the use of the
canonical loop conformations to modulate sugar ifipig (taken from Loriset al., 2004).
(see Appendix B for abbreviations).

In principle, using site directed mutagenesishisd be to possible engineer lectins
with desired specificities by changing the sizéhef variable loops (Sharma and Surolia, 1997,
Loris, 2002). However, in all such cases it woble imperative to retain the conserved
residues in loops A (Asp), B (Gly), and C (Asn &tk or Tyr) (Van Eijsded al., 1992; Adar
and Sharon, 1996; Nishiguc#tial., 1997). Loop D, which constitutes the more vdaadtge
of the binding pocket, would be targeted for chagghe primary specificity by varying both

its size and sequence (Sharma and Surolia, 19%/etR&, 1998).
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2.6 Pterocarpus Genus

The genudPterocarpus belongs to the family Leguminosae, subfamily Rapdideae,
tribe Dalbergieae. The teriaterocarpus, derived from Greek, means ‘winged fruit’ and
describes the unusual seed pods which consisteftaal hardened seed case surrounded by &
broad membranous wing (Rojo, 1977; Palgrave, 198%)out 30 species belonging to this
genus have been described and these are distrithitedghout the tropics. Most of the
species originated and are distributed in Africd &sia with some such d& indicus being
found widespread in South and Central America (Behelia-Blanco, 2001).

All Pterocarpus species are very attractive trees with heightupfto 33 metres.
Species can be distinguished from each other halgethe size of their fruit although in some

cases, flowers and rarely leaves are used (Ro}¥)19

2.7 Pterocarpusangolensis

Pterocarpus angolensis (P. angolensis), known as the ‘mukwa’ tree in Zimbabwe and
as ‘kiaat’ in South Africa, has brown, spiky seaxtip which remain on the tree long after the
leaves have fallen off. The specific namemgolensis, means ‘of Angola’, and the brilliant
red, sticky substance that the bark exudes whewreidj gives it the common name
‘bloodwood’. The tree is also referred to as ‘wikhk’ as a result of the resemblance of its
wood to the unrelated teakectona grandis, from tropical East Asia (Palgrave, 1981; Funston,

1993).

2.7.1 Distribution

The mukwa tree is indigenous to East Africa, exiegdrom Tanzania to the northern
provinces of South Africa. Across the continehtsifound in Angola through Zambia, the
greater part of Zimbabwe and in Mozambique (Schenaral., 2002). Populations of this tree

are denser on the Kalahari sands as the tree piafeaence for well-drained, deep sandy soil
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(Palgrave, 1981; Van Wyk, 1993). These wild popafes are diminishing, yet the tree is not

common in cultivation due to difficulty with seedrgnination (Shackleton, 2002).

2.7.2 Description

Pterocarpus angolensis (mukwa) (Figure 2.6), is a deciduous, wide-spnegdiee with
a slightly flattened crown. The tree reaches aldi&umetres in height and has a rough, dark
brown bark. The leaves have 5 to 9 pairs of olmiesflets that are shiny, intensive green in
colour and characteristically hang downwards. Sheeented orange-yellow flowers emerge
in spring immediately prior to, or with, the nevales. The circular fruit turns from green to
light brown when mature. The central part of th@tf which normally contains only one
kidney-shaped seed, is densely covered with harskleds. The seed has a thin, hard red-
brown coat. The wood is two-coloured, the softeltoyvish sapwood and the hard reddish-

brown heartwood (Palgrave, 1981; Van Wyk and Vark\1p97).

2.7.3 Uses

Pterocarpus angolensis is widely exploited for its timber, which is dutap medium
hard and very easy to work. The wood is utilized furniture, veneer, curios, boat-
construction and as general purpose timber (Van,\18R83; Schwartet al., 2002).

Different parts of the tree are used to treat naoediseases throughout Africa. The
root is believed to cure malaria, gonorrhoea amralblvater fever. The bark is used to treat
headaches, stomach-aches, mouth sores and raBhesap is used for eye treatment against
cataracts as well as treatment of urinary schistessis, ringworms and ulcers (Palgrave,
1981; Schwartzt al., 2002). Traditionally, the red sap is used ageaahd in some areas it is

dried, pounded and mixed with animal fat to makeneetics (Palgrave, 1981).
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Being a legume, the mukwa tree is nitrogen-fiximgl & used for soil conservation.
Leaves and shoots are used as fodder and the ddavers make the tree a good bee plant

(Palgrave, 1981).

2‘. )

T 2]

Figure 2.6: Picture ofPterocarpus angolensis (mukwa tree). A shows the tree, B the leaves, C
the flowers and D the fruit (adapted from Palgrah@81).
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2.7.4 Lectin Activity

A study of haemagglutinins of trees and shrubsiofbabwe showed the presence of
lectin activity in the seeds of the mukwa tree. isTlectin haemagglutinated only protease-
treated human cord erythrocytes and not adult esgiftes, hence it was concluded that the
lectin was specific for i-antigens (Moore, 197%®aul and co-workers (1991) showed that this
seed lectin binds glycoproteins such as ovalbuhonseradish peroxidase and porcine mucin.
Lectin activity has since been detected in otlsmues such as the roots, bark, stem as well ac
the leaves of this tree (I. Ncube, personal compaitian).

The lectin from mukwa seeds has been purified artknsively characterized
(Maramba, 1998; Lorigt al., 2003). This seed lectin is a homodimer made fup8okDa
subunits that are not held together by covalerkaye. The protein has virtually mehelix
structure and is mainly folded infopleated sheet segments. The metal catiorfs &trd C&"
are more tightly bound to this lectin than gengradlthe case for other legume lectins and the
lectin is stable over a wide range of pH value® B0, (S. Beeckmans, unpublished).

The mukwa seed lectin, which agglutinates rabbittheocytes, has a classical
mannose-specificity loop yet its metal-binding Idégop C) resembles that tfiex europaeus
and Maackia amurensis, lectins of unrelated specificity. Affinity for &@1-2)Man and
Man(@1-3)[Man @1-6)]Man by the mukwa lectin is very high although itsefispecificity

differs from that of other known mannose/glucoseedfc lectins (Loriset al., 2004).
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3. MATERIALS AND METHODS
3.1 MATERIALS

A pUC18 vector carrying the cDNA encoding the wiyjghe mukwa seed lectin, clone
Muk151QIl128, was provided by Professor H. De Grdwstitute of Molecular Biology and
Biotechnology/ VUB (Brussels, Belgium). The cloneldNA consists of part of the signal
peptide, the mature lectin, the C-terminal pep#idd the 3 untranslated region.

Ex Taq™ DNA polymerase was obtained from Takara Biomedi¢3pan).

Oligonucleotide primers, used for PCR, sequenaimd forin vitro mutagenesis, were
designed by Professor H. De Greve, Institute ofddolar Biology/ VUB (Brussels, Belgium)
and ordered from Invitrogen Life Technologies (USA)

The QIlAprep Spin Miniprep kit for plasmid DNA isdlon and the PCR Purification
kit for purification of PCR fragments, were obtainfieom Qiagen (Germany).

The Thermo Sequenase Radiolabelled TerminatoreCgeuencing kit was obtained
from United States Biochemical Corporation (USA}ray film and developer were from Fuiji
(Japan) and AGFA-GEVAERT (Germany) respectively.heTPC/GENE and Genetics
Computer Group (GCG) sequence analysis softwarkagas were used for nucleotide and
amino acid sequence analysis.

The Unique Site Elimination Mutagenesis kit wastaoted from Amersham
Biosciences (UK).

Rabbit antibodies directed against the mukwa deeiih were initially provided by
Professor S. Beeckmans, Institute of Molecular &jgl and Biotechnology/ VUB (Brussels,
Belgium).

Rabbit blood was from the Veterinary and AgrocleahResearch Centre, Brussels,
Belgium or from the Animal House, University of Zmabwe, and human blood from the

Brussels University Hospital Blood Transfusion GenBelgium.
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Reagents for preparation of bacterial growth medire obtained from Difco
Laboratories (USA).

Klenow fragment, T4 DNA polymerase, and T4 DNAakg were obtained from MBI
Fermentas (Germany).

Restriction enzymes were obtained from MBI Ferrasr{Germany); Promega (USA);
New England Biolabs (USA); Amersham Biosciences \Ukhd Boehringer Manheim
(Germany). These were used according to the metué's recommendations.

Extravidin phosphatase, protein A-biotin, antib#iblgG phosphatase and protein
molecular mass standards, phosphorylase B (92 ldagglase (60 kDa), fumerase (50 kDa),
aldolase (40 kDa), carbonic anhydrase (30 kDapsiryinhibitor (20 kDa) and lysozyme (14.3
kDa), were obtained from Sigma Chemical Company)(UK

The bicinchoninic acid (BCA) kit was obtained froRierce Chemical Company
(USA).

Porcine and bovine plasma powders were obtaired Yfepro Products (Belgium).

Lambda DNA used as molecular mass marker was regtairom MBI Fermentas
(Germany).

The antibiotics carbenicillin and chloramphenicakre from DUCHEFA (The
Netherlands).

All the other chemicals not available locally wesbtained from Sigma Chemical
Company (UK) or Merck (Germany).

For experiments involving DNA, prior to use, Epgerf tubes, pipette tips and all
other plasticware were autoclaved at 15 fy/ir21°C for 20 min and sterile water was used for

making all solutions.
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3.1.1 Plasmids and Bacterial Strains

Plasmids pUC18, BL21-CodonPlus-RIL and pBW@ixHisA were obtained from MBI
Fermentas (Germany), Stratagene (USA) and Invitrodafe Technologies (USA)
respectively.

The pUC18 plasmid (Yanisch-Perrah al., 1985), contains th@-lactamase gene
which confers resistance to ampicillin or carbdhircand the origin of replication of pBR322.
The plasmid also contains tloepeptide of the3-galactosidase (lac Z) gene, and a multiple
cloning site of one of the M13 sequencing vectons. differs with pUC19 only in the
orientation of the multiple cloning site (see ApgenE). In pUC18 theHind Il recognition
site is closest to the M13/pUC Forward Sequencimét binding site (Messing, 1979).

Plasmid BL21-CodonPlus-RIL contains extra copieshe genes that encode tRNAs
for the arginine codons AGA and AGG, the isoleucooelon AUA and the leucine codon
CUA, which are rarely used ischerichia coli (E. coli). Transformation oE. coli with this
plasmid therefore enhances the expression of tdwb®ns (Stratagene, 2000).

The expression vector pBADycHisA, 4 096 bp in size, has treeaBAD promoter
(Psap), which provides tight, dose-dependent regulatodnheterologous gene expression
(Guzmanet al., 1995). This vector has an optimized ribosomedipig site; anrrnB
transcription termination region; amaC gene, which encodes the regulatory protein fyrtti
regulation of the gxp; and an initiator ATG, which provides a translaabinitiation site for
the protein to be expressed. It also containsBthectamase gene, a pUC-derived origin, a
multiple cloning site and has a C-termimajc epitope followed by a polyhistidine tag
(Invitrogen Life Technologies, 2000) (see AppendiEeand G).

TheE. coli strain K514 was used as the host to propagate [#sn@ pUC18. The
genotype of this strain mip E44 thr-1 leuB6 thi-1 lacY1 ton A21 hsdR (Colsonet al., 1965).

TheE. coli TOP10 strain (Invitrogen Life Technologies, 20@@s used as host for the

expression of the mukwa seed lectin constructdastthe genotyperhcrA A(mrr-hsdRMS-



43

mcrBC) ®80acZAM15 AlacX74 deoR recAl araD139 A(araA-leu)7697 galU galK rpsL
endAl nupG. This strain is able to transport L-arabinosedamnot metabolize it.

TheE. coli strain WKenutS, deficient in DNA repair mechanism, was usechashiost
for transformation with plasmid aftém vitro mutagenesis. This strain has the genoty{b&c-
proAB) galE strA mutS215:TdOF (lacl® lacZAM15 proA'B") (H. De Greve, personal

communication).

3.2 METHODS

Standard molecular cloning laboratory technigui&angfbrook and Russell, 2001) were

followed with modifications in some cases.

3.2.1 Amplification of the cDNA Encoding the MatureWild Type Mukwa
Seed Lectin By PCR

The polymerase chain reaction (PCR) technique used to amplify the cDNA
encoding the mature wild type mukwa seed lectirepdiitive cycles of DNA denaturation,
primer annealing and extension enable one to adeguamplify the appropriate target DNA
segment to levels that are detectable by ethiditomigle staining of agarose gels.

The reaction requires the DNA template contairtivgtarget sequence to be amplified,
two oligonucleotide primers, four deoxyribonucletssitriphosphate substrates (dATP, dCTP,
dGTP and dTTP) and a thermostable DNA polymerask asgThermus aquaticus (Tagq) DNA

polymerase in a buffered solution.

3.2.11 Primer Design

Three specific oligonucleotide primers were desighased on the already sequenced
clone Muk151QII28, pUC18 vector carrying the cDNAceding the wild type mukwa seed

lectin (GenBank Accession Number AJ426056). Th&l&Din clone Muk151QI128, encodes
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part of the signal peptide, the lectin till residd@* (which will be called hereafter ‘the mature
mukwa seed lectin’), the amino acid residué**Qthe C-terminal peptide and the 3’
untranslated region. The specific primers, desaghaViuk-23, Muk-24 and Muk-25 (see
Figure 3.1), were ordered from Invitrogen Life Teologies (USA).

X-ray crystallography had shown that the first monacid of the mature mukwa seed
lectin, glutamine, is in a pocket in the interidrtbe protein. It was assumed that addition of
the initiatior methionine from the expression vecpvobably would interfere with proper
protein folding. Leaving out the first amino aadd the mature lectin could conceivably
accommodate the methionine and hopefully still hidaeprotein in the correct conformation.
For this reason, two N-terminal primers, Muk-23 aWdk-24, were designed right at the
beginning. Primers Muk-23 and Muk-24 have sequ&nce
5-CAAGATTCCCTTTCCTTCGGCTTC-3 and
5-GATTCCCTTTCCTTCGGCTTCCCTA-3' respectively. M3 allows for amplification
of the mature mukwa seed lectin-coding region ftbenfirst amino acid residue whereas Muk-
24 amplifies from the second amino acid residugadi acid.

The Muk-25 primer, which has the sequence
5-GGGAATTC TAAGCAGTGTACAACAAGGTTGAGGT-3, includes an EcoRlI
restriction endonuclease recognition site, shownbatd, and a stop codon, underlined.
Amplification with Muk-25 introduced a stop codousj after alanine, the last amino acid
residue of the mature mukwa seed lectin that cbelddentified from the crystal structure.
Incorporation of the stop codon meant that traisiabf the lectin would be terminated
without expressing the amino acid residu@“@nd the C-terminal peptide. The amino acid
residue 3** and the C-terminal peptide, residue€*o M?* could not be seen in the crystal
structure. Thd=coRI recognition site was incorporated to allow fanredtional cloning of the

PCR-generated fragments.
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Figure 3.1: Primer design based on clone Muk151QII28, a pU@idor carrying the cDNA
encoding the wild type mukwa seed lectin. The lbktows, a and b, pointing downwards
indicate the 5’ ends of primers Muk-23 and Muk-2dpectively while the horizontal arrow
shows where Muk-25 binds (adapted from GenBank gsioea Number AJ426056).
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3.2.1.2 Polymerase Chain Reactions (PCR)

The polymerase chain reactions were carried owt total volume of 5Qul. Clone
Muk151QII28, used as template DNA, was dilutedalrifrom 1: 10 to 1. 10 000. One
microlitre of each of the 1: 100, 1: 1 000 and @:QDO template DNA dilutions was diluted
further to 10ul. Five microlitres of 10 Ex Tag™ polymerase reaction buffer,d of 2.5 mM
dNTPs, 1ul (of a 20uM solution) of each of the two primers, 28 ji5of water, 0.25u1 (1.25
units) of Ex Tag™ DNA polymerase and 1fl of the template DNA were mixed together for
each reaction. The full composition of the 1(Ex Taq™ polymerase reaction buffer is
proprietry but the magnesium concentration is 20 (fiskara Biomedicals, 2000). Reactions
were made up as master mixes to minimize pipetérrgrs. Negative control reactions
without template DNA were always included.

An automated PCR protocol was used routinely ipragrammable thermocycler
(Perkin Elmer GeneAmp PCR System 9600, USA). Ehgptate DNA was initially denatured
at 94C for 50 sec. The second step of the program stmusiof 10 cycles of template
denaturation at 9€ for 10 sec, primer annealing at°’&5for 30 sec and primer extension at
68°C for 60 sec. These 10 cycles were followed bgyfles of template DNA denaturation at
94°C for 10 sec, primer annealing at°85for 30 sec and primer extension at@8or 60 sec
with 15 sec increments with each cycle. Finallytree end of all cycles, maintaining the
samples at 7Z for 10 min ensured that all the PCR fragmentsevielty extended.

A 5 pl aliquot of each PCR product was analyzed by tdésm on a 0.8% (w/v)
analytical agarose gel in TBE buffer (89 mM Trissba89 mM boric acid and 2 mM
NaEDTA, pH 8.0). The gel was run at a constant \gaté80 V) and the bands visualized by
staining in 0.5ug/ml ethidium bromide and viewing by ultra-viol&0@ nm) illumination on a

transilluminator.
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3.2.1.3 Purification of PCR Fragments

Upon completion of PCR, excess primers, nuclestifiag DNA polymerase and salts
must be removed from the amplification productobethe latter can be cloned. Removal of
the contaminants was done using the PCR purificiio(Qiagen, 2000b).

The PCR products generated using the same priaiemyere pooled together in an
Eppendorf tube and mixed with 5 volumes of the Bigduffer PB. The mixture was applied
onto a QIAquick spin column and centrifuged for thrat 13 000 rpm in a microfuge to allow
the DNA to bind to the column. The flow-throughsadiscarded and the column washed with
750 yl of Wash buffer PE by centrifuging at 13 000 rpon £ min. The flow-through was
discarded and residual Wash buffer PE removed biifigging again at 13 000 rpm for 2 min.
The QIAquick column was placed on a new Eppenddsétand 5Qul of Elution buffer EB,
pre-warmed to 6%, applied onto the column. After incubating abmotemperature for 10
min, the DNA was eluted by centrifuging at 13 0601 min.

Five microlitres of each sample were analyzeddsplution on a 0.8% (w/v) agarose

gel to check for DNA recovery, quality and to estenquantity.

3.2.1 Cloning of the Amplified cDNA Encoding the Mature Wild Type
Mukwa Seed Lectin into the Expression Vector pPBAIMycHisA

Cloning of PCR-amplified products directly by bitend ligation is usually
unsuccessful. The failure is most probably duelterations of the DNA termini, which
renders them incompatible for ligation into vectofor instanceJag DNA polymerase adds
3’-protruding nucleotides, a single A in 75% of tteses, in a template-independent manner
(Hitti and Bertino, 1994).

Incorporation of anEcoRI restriction endonuclease recognition site inte PCR
primer Muk-25 meant that the 3’ ragged ends of Ri@&R products could be eliminated by
digestion withEcoRIl. Removal of the ragged ends would then fatditdirectional cloning

into the compatibl&coRI site in the polylinker of the pBAMycHisA vector.
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3.22.1 Digestion of pBAMycHisA with the Restriction Endonuclease
Ncol

The expression vector pBADycHiSA has an Ncol restriction endonuclease
recognition site at the 5’ end of its multiple dlog site. Digesting this vector DNA witkcol
therefore linearized it. The single digest wagiedrout in a total volume of 2(l. Fifteen
microlitres (approximately 750 ng) of vector DNApRof 10 x NEB buffer 4, 2ul of water
and 1pl (10 units) ofNcol were mixed together and incubated at@7or 2 hr. The 10 x NEB
buffer 4 was composed of 50 mM potassium acet&enl® Tris-acetate, 10 mM magnesium
acetate and 1 mM DTT, (pH 7.9 at°23.

After digestion, a 3l aliquot of theNcol-digested pBADMycHisA was run on a 0.8%

(w/v) agarose gel to check for complete digestion.

3.2.2.2 Filling-In of theNcol-digested pBADMycHisA

Digestion of pPBAMMycHisA with Ncol generated a cohesive end that was then filled in
with T4 DNA polymerase. This filling-in reactiormén provided an initiator ATG in the
expression vector.

The filling-in reaction was carried out in a tot@lume of 20ul. To 17ul of the Ncol-
digested pBADAycHisA, 2 pl of 2.5 mM dNTPs and {ul (5 units) of T4 DNA polymerase
were added and mixed well. No additional buffelsviecluded as the buffer from tideol
digestion was sufficient for this reaction as wellhe reaction was allowed to proceed for 15
min at 12C after which the T4 DNA polymerase was heat-invatéd by incubating at 66

for 10 min.

3.2.2.3 Digestion of theNcol-filled-in pBAD MycHisA with EcoRI

Digestion of the expression vector with a secoestriction endonucleas&coRl,

would generate a cohesive end that would be cobipatiith the PCR-amplified fragments.
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The EcoRI digestion was carried out in a total volume &f|2. The 20ul of Ncol-
filled-in vector DNA were mixed with 2.5l of 10 x high salt buffer (100 mM Tris-HCI, 50
mM NaCl and 10 mM MgG), 1.5 pl of water and 1ul (10 units) ofEcoRI. The reaction
mixture was incubated at 3Z for 2 hr, after which a 8l aliquot was run on a 0.8% (w/v)

agarose gel to check for quality and to estimateqytiientity of DNA.

3.2.2.4 Polishing of the PCR Fragments

Ex Taqg™ DNA polymerase usually adds an A at the 3-endhef PCR-generated
fragment (Takara Biomedicals, 2000). This was negdousing the 3’ to 5’ exonuclease
activity of Klenow fragment.

The polishing reaction was carried out in a tet@lume of 20ul. Ten microlitres
(approximately 400 ng) of PCR DNA were mixed withl2f 10 x Klenow fragment buffer, 2
pl of 0.5 mM dNTP mix, ul (10 units) of Klenow fragment, il of 100 mM ATP, and 4l
of water and incubated at @7 for 30 min. The 10 x Klenow fragment reactionffeu
consisted of 500 mM Tris-HCI (pH 8.0 at 25°C), 5MrvgCl, and 10 mM DTT.

At the end of the incubation period, the PCR DNAswpurified using the PCR
purification kit (Qiagen, 2000b) and eluted in | 3CElution buffer EB. A 3ul aliquot was run

on a 0.8% (w/v) agarose gel to check for DNA recpwand quality.

3.2.2.5 Digestion of the PCR-Generated Fragments witEcoRI

The PCR primer Muk-25 had aBcoRI recognition site incorporated into it and
therefore cohesive 3’ ends could be generatedliRP@R-generated fragments by digesting
them withEcoRI.

Digestion was carried out in a total volume of #0 To 17 ul of the polished PCR

DNA, 2 ul of high salt buffer and 1ul (10 units) of EcoRI were added and the mixture
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incubated at 3T for 2 hr. A 3ul aliquot was run on 0.8% (w/v) agarose gel to &k

DNA quality and to estimate quantity.

3.2.2.6 Ligation of pPBADMycHisA Vector to PCR-Generated Fragments

Joining of the vector and the insert (PCR-gendratagments) was catalyzed by T4
DNA ligase. This enzyme catalyzes the formatioplodsphodiester bonds, in the presence of
ATP, between double-stranded DNAs with 3' hydrauyll 5' phosphate termini.

The ligation reaction was carried out in a towluwme of 20ul. Nine microlitres of the
EcoRI-Ncol-filled-in-pBAD MycHisA vector DNA, 9ul of EcoRI-PCR insert DNA, Zul of 10
x T4 DNA ligase buffer and ul (5 units) of T4 DNA ligase were mixed togetherdan
incubated at 18 overnight. The 10 x T4 DNA ligase buffer conedr200 mM Tris-HCI, pH

7.6, 100 mM MgCJ, 5 mM ATP, pH 7.4 and 100 mM DTT.

3.2.2.7 Preparation of Competent Cells

Bacteria in the mid-log phase of growth are capalbltaking up exogenous DNA. It
has been shown that if the host bacteria are tfiesited with CaGlsolution, their uptake of
foreign DNA is enhanced.

A 15% glycerol stock oE. coli K514 cells (stored at -8CQ) was thawed on ice and a
loopful of the cells asceptically streaked ontoiatBertani (LB) agar (10 g Bacto-tryptone, 5
g Bacto-yeast extract, 10 g NaCl and 15 g Bacto-pga litre, pH 7.5). The plate was
incubated at 3T overnight.

Single colonies were asceptically picked, inoadainto 5 ml aliquots of LB broth
(without the agar) and grown overnight with shaketg250 rpm (New Brunswick Innova
Shaker, USA). One millilitre of the overnight auié was inoculated into 100 ml of LB liquid
broth in a 500 ml flask and grown at°8with shaking at 250 rpm to an absorbance of 0.40-

0.45 at 660 nm. The cell suspension was thenechdh ice for 30 min, centrifuged at 4 000 x
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g for 15 min at 4C (Sorvall RC-5B Refrigerated Superspeed CentrifllgePont Instruments,
USA) and the supernatant discarded.

The cells were re-suspended in half the origindiuce volume (50 ml) of an ice-cold
sterile solution of 50 mM Cagland 10 mM Tris-HCI, pH 8.0. The cell suspensioasw
incubated on ice for 15 min, centrifuged at 4 009 for 15 min at 4C and the supernatant
discarded. The cells were re-suspended in oné-téet original volume (10 ml) of the ice-
cold calcium chloride solution. Sterile glycerohsvadded to a final concentration of 15%.
Two hundred microlitre aliquots were dispensed pr@-chilled Eppendorf tubes and stored at
-80°C. Competence was assessed by transforming tle#semth pUC18 and plating on LB
agar supplemented with 100 pg/ml carbenicillin. transformed cells were also plated on LB

agar plates containing 1Q@/ml carbenicillin as a negative control.

3.2.2.8 Transformation of Competent Cells by the CaGl Method

The protocol given by Hanahan and co-workers (19®hs used to transform
competenk. coli K514 cells.

Ten microlitres of the ligated plasmid vector wadsled to 20Qu competent cells, the
Eppendorf tube tapped and incubated on ice for itDfolowed by incubation at 3T for 5
min. The cell suspension was then added to 2 hBdbroth in a 17 x 100 mm polypropylene
tube and incubated at 37 for 2 hr with shaking at 210 rpm. One hundredruoiitres of the
cell suspension were then plated out on LB agdepleontaining 10Qug/ml carbenicillin and

incubated at 37T overnight.

3.2.2.9 Colony Screening PCR for Possible Recombinants
Only those bacteria carrying plasmid can grow garaplates supplemented with
carbenicillin. These bacteria are resistant tdeaicillin because the plasmid carries bhe

gene that codes f@-lactamase, a periplasmic enzyme, which cleavefdhaetam ring of the
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antibiotic. Once the ring has been cleaved, thibiatic no longer interferes with the terminal
reaction in the bacterial wall synthesis.

Thirty colonies from each transformation reactiorere screened for possible
recombinants. A single colony of cells was pickisthg the tip of a sterile toothpick and the
tip used to inoculate a gridded LB agar plate dairig 100ug/ml carbenicillin. The same tip
was then dipped into 5 of sterile water, into which five colonies weregted together. One
microlitre of each pool was made up to @lOwith water and used as template DNA for the
PCR reaction. The PCR reactions were set up ysingers pBAD Forward primer, pBAD1,
with sequence 5-CACACTTTGCTATGCCATAG-3’ (InvitrogeTechnologies, USA) and
Muk-25 and run under the same conditions as haadrbeen described in Section 3.2.1.2.

Negative control reactions without template DNArevalways included. The PCR
products were analyzed by resolution on 0.8% (vayarose gel in order to identify pools

giving an amplification product of the expectedesithat is, approximately 700 bp.

3.2.2.10 Culturing of Bacteria and Small-scale Plasmid DNA $olation

Upon identifying pools giving an amplification ghact of the expected size, individual
colonies were asceptically picked up from the geighlate and inoculated into 5 ml aliquots
of LB broth containing 10Qug/ml carbenicillin. The bacteria were grown ovghtiat 37C
with shaking at 250 rpm.

Plasmid DNA was isolated using the alkaline lysisthod with slight modifications as
is outlined below. Four millilitres (2 x 2 ml) efach culture were centrifuged in a microfuge at
13 000 rpm for 1 min and the supernatant discarddte bacterial pellet was re-suspended in
300 ul of buffer Pl (50 mM Tris-HCI, 10 mM EDTA, pH 8.8upplemented with 10Qg/mi
RNase) by vortexing. To lyse the cells, 30®f a freshly prepared 200 mM NaOH, 1% SDS

solution were added, mixed gently and incubated@n temperature for 5 min.
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Chromosomal DNA was then precipitated by addin@ B0 of 2.55 M potassium
acetate, pH 4.8 and quickly mixing by inverting thbe several times. After centrifuging at
13 000 rpm for 10 min, the supernatant (approxiipa®0 ul) was transferred to a new
Eppendorf tube. Plasmid DNA was precipitated bgliagl 0.8 volumes (approximately 720
pl) of isopropanol and incubating at room tempesmator 15 min. After centrifuging at 13 000
rpm for 10 min, the supernatant was discarded hadDNA pellet washed twice with 500 pl
of 70% ethanol. The DNA was dried at°’87in a dry heat block for 30 min, dissolved in 80

of water and then stored at <2

3.2.2.11 Identification of pBAD MycHisA-Wild Type Mukwa Seed Lectin
Recombinants

Recombinant plasmids were identified by double sliga with EcoRlI and EcoRV
followed by resolution on 0.8% (w/v) agarose gel.

Five microlitres of plasmid DNA (not quantitate@ul of high salt buffer, 124l of
water, and 0.5 (5 units) of each enzyme were mixed togetheriandbated at 37T for 2 hr.
Routinely, reactions were prepared as master mixesvater, buffer and restriction
endonuclease(s) and then added to the sample DNA.

EcoRV has one recognition site in the pBMycHisSA vector and none in the insert.
Two DNA fragments, approximately 3.3 kb and 1.5ikisize were therefore expected to be

resolved on agarose gel.

3.2.2.12 Isolation of Plasmid DNA Using the QIAprep Spin Minprep Kit

Plasmid DNA isolated using the alkaline lysis noeths usually not pure enough for
sequencing. Plasmid DNA to be sequenced was trerédolated using the QlAprep spin

miniprep kit (Qiagen, 2000a).
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Colonies harbouring putative recombinants weresptszally picked up and grown
overnight in 5 ml LB broth containing 1Q@/ml carbenicillin. Four millilitres (2 x 2 ml) of
each culture were centrifuged in a microfuge at0o08 rpm for 1 min and the supernatant
removed. To the bacterial pellet 2aDof Cell Suspension buffer Pl supplemented witld 10
png/ml RNase were added and the cells re-suspendeargxing. The cells were lysed by
adding 250ul of Lysis buffer P2 and mixing gently by invertirthe tube five times. To
precipitate chromosomal DNA, 350l of Neutralization buffer N3 were added and the
contents of the tube mixed by inverting the tulve fimes. After centrifuging at 13 000 rpm
for 10 min, the supernatant was applied onto a @pspin column seated on a 2 ml tube.
The DNA was allowed to bind onto the column by dénging at 13 000 rpm for 1 min. The
flow-through was discarded and 5QDof Binding buffer PB applied onto the column. té&f
centrifuging at 13 000 rpm for 1 min, the flow-thigh was discarded.

To wash the column, 750 pl of Wash buffer PE wapplied and the column
centrifuged at 13 000 for 1 min. The flow-throughs discarded and residual Wash buffer PE
buffer removed by centrifuging again at 13 000 fpm2 min. The QIlAprep column was then
placed on a new Eppendorf tube andub0f Elution buffer EB, pre-warmed to 85, applied
onto the column. After incubating at room tempamatfor 10 min, the DNA was eluted by
centrifuging at 13 000 rpm for 1 min.

Five microlitres of the plasmid DNA preparation revadigested with the appropriate
restriction endonuclease(s) and the DNA resolved)@% (w/v) agarose gel to check for

guality and to estimate quantity.

3.2.3 Sequencing of Cloned Wild Type Mukwa Seed Lectin DA Fragments

The cloned fragments were sequenced by the Samgflod (1977) using the thermo-
sequenase radiolabelled terminator cycle sequending (United States Biochemical

Corporation, 2000). Sanger’s technique uses ddresynthesis of DNA to generate
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fragments that terminate at specific points alohg target sequence. Thermo-sequenase
efficiently incorporates the radiolabelled dideougleotides and hence very low amounts of
isotope are used. Moreover, the use of this thstate DNA polymerase allows for cycle
sequencing, the process of using repeated cyclggohal denaturation, primer annealing and
polymerization to produce large amounts of prodluet DNA sequencing reaction.

The pBADMycHisA-wild type mukwa seed lectin recombinant plagmiNA isolated
using the QIAprep spin miniprep isolation kit (Qag Germany) was used for sequencing.
Each of the following primers: pBAD Forward primgBAD1), Muk-6 (sequence 5'-
CATCGCACCGCCGGATACTAC-3) and Muk-25 were used resfively in order to

sequence the cloned fragments entirely.

3.23.1 Preparation of Sequencing Reactions

Sequencing reactions were prepared in three stadgeésstly, the chain extension
reaction mixture and the termination mixture werepared separately. After adding the
reaction mixture to each nucleotide terminatiorctiea tube, the mixture was then subjected
to PCR. The substitution of the nucleotide anatigP for dAGTP was meant to help eliminate
compressions due to secondary structures as diffsfaweaker base pairs with dCTP that are

more readily denatured before separation by getrelghoresis.

3.23.1.1 Reaction Mixture

Approximately 0.5ug of plasmid DNA is required for each sequencingctien. To
the plasmid DNA, 2ul of 10 x reaction buffer, Ll of a 2.5 uM solution of primer, @l (8
units) of thermo-sequenase and water up to avtotame of 20ul were added and mixed well.

The 10 x reaction buffer consisted of 260 mM Tri8tHH 9.5, and 65 mM MgGl Four and

a half microlitres of the reaction mixture were rthaliquoted into each of four different
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coloured 0.5 ml PCR tubes. The yellow tube repriesethe G, colourless, the A, red, the T

and blue the C reaction respectively.

3.2.3.1.2 Termination Mixture

Four different Eppendorf tubes were labelled G;TAand C respectively. Two and a
half microlitres of the dITP nucleotide master nfix5 uM dATP, 7.5 uM dCTP, 7.5 uM
dTTP and 13.5 uM dITP) plus 04 of one of the fourfa-**P]-dideoxy analogues were
required for each reaction tube. Master mixeshef termination mixture were therefore
routinely prepared. The appropriate amount ofdiié® nucleotide master mix was added to
each of the labelled four tubes and mixed withappropriate dideoxy analogue. For example,
for 10 reactions, 25l of the dITP nucleotide master mix were addedaoheof the G, A, T
and C tubes, followed by @ of each of[a-**P]-ddGTP,[a-**P]-ddATP, [a-**P]-ddTTP and
[a-*P]-ddCTP respectively. After mixing well, 28 of the appropriate termination mixture
were then added to the 44bof the reaction mixture and centrifuged at maximspeed for 30

sec to bring the contents to the bottom of the.tube

3.2.3.1.3 PCR

After mixing the reaction and termination mixele tPCR was carried out using an
automated PCR protocol. Twenty cycles of tempteteaturation at 9€ for 15 sec, primer
annealing at 58 for 30 sec and primer extension at°’@0for 10 min were run in a
programmable thermocycler. The reaction was stbgpeadding 4ul of the stop solution
(loading buffer) to each tube. The stop solutionsisted of 95% formamide, 20 mM EDTA,
0.05% bromophenol blue and 0.05% xylene cynanol FRe reactions were centrifuged at
maximum speed for 30 sec to bring the contentshé& biottom of the tube, denatured by
heating at 80C for 10 min, snap-cooled on ice and immediatebdkxd onto a gel or were

frozen at -20C for use within a week.
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3.2.3.2 Denaturing Polyacrylamide Gel Electrophoresis
The nested series of DNA fragments generated @ sbquencing reactions was
resolved by high voltage electrophoresis (Consoad® 3 000 x i programmable power

supply, Consort, Belgium) on 5% (w/v) denaturindgyporylamide gels.

3.2.3.2.1 Gel Casting

Gel sandwiches were prepared using a full sizee@ad one with round edges. Both
plates were thoroughly washed with laboratory dgtetr and tap water and then rinsed with
distilled water. The full size plate was treatgdsirubbing it with the following solutions one
after the other: saturated KOH in 95% technicabladt; 95% technical alcohol; technical
acetone; Wacker solution (1 ml Wacker, 190 ml ptleanol, 4 ml water and 6 ml 10% acetic
acid); 95% technical alcohol; Wacker solution anthlfy 95% technical alcohol. Wacker
solution causes the gel to stick onto this plaiéne plate with round edges was treated by
scrubbing it with the following solutions one aftle other: saturated KOH in 95% technical
alcohol; 95% technical alcohol; technical actond amice with dimethyldichlorosilane. The
toxic dimethyldichlorosilane was used to silicontbe glass plate so that the gel would not
stick onto this plate.

The 20 cm x 50 cm glass plate sandwich was maihg @4 mm spacers. Bulldog
clamps were used to keep the spacers in place. g&heas prepared by dissolving 50 g of
urea, 4.8 g acrylamide, 0.2 g N,N"-methylene-bisdamide, 0.6 g boric acid and 1.2 g trizma
base in 50 ml of water and then the solution maaeoul00 ml with water. Just before
pouring the gel, 200ul of 10% ammonium persulphate and 1Q0 of N,N,N"N’-
tetramethylethylenediamine (TEMED) were added amal gel quickly poured into the gel
sandwich laid on a flat surface. A 50-well combsviraserted at the top of the gel and held in
place using clamps. Polymerization took place wiB0 min but was routinely left to proceed

overnight.
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3.2.3.2.2 Electrophoresis

After polymerization, the comb was removed andttgeof the gel rinsed with 0.5 x
TB buffer (89 mM Tris base and 89 mM boric acid, ). To ensure even conduction of
heat generated during electrophoresis, an alumirplate (0.4 cm thick, 34 x 22 cm) was
clamped onto the front glass plate with the sanzempk used to hold the gel sandwich
together. The gel assembly was then set up arédgia the lower buffer chamber. The lower
buffer was prepared by mixing 200 ml TB buffer a@d ml of 3 M sodium acetate, pH 5.2,
and poured into the lower buffer chamber. The uppéfer chamber was filled with 0.5 x TB
buffer. The gel was pre-run at 25 mA for 30 min.

The wells were rinsed with TB buffer to removestised urea and @l of each of the
denatured sequencing reaction loaded into eachimélle order GATC. The gel was run at

2 000V, 25 mA and 150 W for 5 hr.

3.2.3.2.3 Gel Fixing, Drying and Autoradiography

The gel, still on the plate treated with Wackdugon, was fixed in 5 L of 10% acetic
acid for 30 min to remove the urea. After fixilge gel was rinsed three times with distilled
water and left to air-dry overnight. The dry gedsvexposed to Fuji Medical X-ray 100 NIF
film overnight and developed in a dark room in aialeping machine (AGFA, Germany)

using AGFA reagents prepared according to the naatwifer's instructions.

3.2.3.3 Reading of Sequences

Sequencing autoradiographs were read and entessulally using the PC/GENE

Sequence Analysis software.
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3.2.4 Expression of the Mature Wild Type Mukwa Seg Lectin in E. coli
The expression vector pBADycHiSA requires host cells that are capable of
transporting L-arabinose but incapable of metabajizt. These conditions are important as a

constant level of arabinose, the inducer of expoasgan then be maintained in the host cells.

3.24.1 Transformation of E. coli TOP10 Cells Using the CaGlMethod

Two separate transformation experiments were set Tpe first experiment was a
single transformation dE. coli TOP10 cells with the pBABycHisA-wild type mukwa seed
lectin clone. One microlitre (approximately 100 of the plasmid DNA was added to 200 pl
of thawedE. coli TOP10 competent cells and mixed gently. The méxtf plasmid DNA and
host cells was incubated on ice for 10 min followmsdincubation at 37°C for 5 min. One
millilitre of LB broth was then added to the mix¢éuand 100 ul of the cell suspension plated
out on LB agar supplemented with 100 pug/ml of carti#in. The plate was incubated at
37°C overnight.

In the second experiment, double transformationEoftoli TOP10 cells with the
pBADMycHisA-wild type mukwa seed lectin clone as well ak2B-CodonPlusRIL was
carried out. BL21-CodonPlusRIL enhances expressiocodons that are rarely used Hn
coli. One microlitre (approximately 100 ng) of eaclited two plasmid DNA preparations was
added to 200 ul of thawed. coli TOP10 competent cells and mixed gently. The pidsm
DNA-host cells mixture was incubated on ice formiid followed by incubation at 37°C for 5
min. One millilitre of LB broth was then added tioe mixture and 100 pl of the cell
suspension plated out on LB agar supplemented lvath 100 pg/ml of carbenicillin and 25
png/ml chloramphenicol. The plate was incubate874C overnight.

Individual colonies were selected from each of $ihegle transformants and double
transformants plates and streaked on fresh LB plgées supplemented with the appropriate

antibiotic(s) in order to obtain pure colonies. eTplates were incubated at 37°C overnight.
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3.24.2 Pilot Expression of the Wild Type Mukwa Seed Lectin

Each recombinant protein has different charadiesisthat may affect optimum
expression. The optimal level of expression camdtermined by varying the amount of L-
arabinose over a ten thousand-fold range or byperhg a time course.

For each transformant, 2 ml of LB broth containthg appropriate antibiotic(s) were
inoculated with one recombinaht coli colony. In other words, for single transformarts t
LB broth contained 100 pg/ml carbenicillin and fdouble transformants the LB broth
contained both 100 pg/ml carbenicillin and 25 pgémloramphenicol. The cultures were
grown with shaking at 250 rpm overnight at 37°C.

The next day, for each culture, five tubes webkellad 1 through 5 and 10 ml of LB
broth containing the appropriate antibiotic(s) atlde each tube. Each tube was inoculated
with 100 pl of the overnight culture and the cudigrown at 37°C with shaking to an £
= 0.40 — 0.45. While the cells were growing, fdi-fold serial dilutions of 20% (w/v) L-
arabinose were prepared asceptically. A 1 ml atiqpf cells in their mid-log phase was
removed from each tube, centrifuged at 13 000 rpmaimicrofuge for 1 min and the
supernatant aspirated. The cell pellets were fr@aze20°C and these were the zero time point
(ztp) or control samples.

One hundred microlitres of each of a 0.002%, 0.0@%%, 2% and 20% L-arabinose
solution were added to tubes 1 through 5 respdygtivEhe final concentration of L-arabinose
in tubes 1 through 5 was therefore 0.00002%, 0.2@002%, 0.02% and 0.2% respectively.
The cultures were grown at 37°C with shaking at 56 and 1 ml aliquots taken out of each
tube after 4 hr and after 16 hr respectively. Thmel aliquots were centrifuged, the supernatant

aspirated and the pellets frozen as before.
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3.24.3 Analysis of Expression of the Wild Type Mukwa Seetlectin by SDS-
PAGE

When proteins are boiled in the presence of thenan detergent sodium dodecyl
(lauryl) sulphate (SDS), all non-covalent bonds disrupted resulting in proteins with an
overall negative charge and a helical rod-like oomfation. Moreover, if a reducing agent
such asf-mercaptoethanol or dithiothreitol is included Hetprotein sample, all inter-and
intra-disulphide bonds are broken giving the protén its subunits. As the proteins
consequently have the same charge and shape, tsmpaby sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) ishenbasis of size only.

If total protein inE. coli expressing the lectin of interest is resolved BBFSAGE and
the gel stained with Coomassie blue, the band npatten be visualized. The Tris-Tricine-
SDS-PAGE (Schéagger and Von Jagow, 1987) methodhrseparation of proteins in the
range from 1 to 100 kDa was used to analyze theesgwn of the wild type mukwa seed

lectin.

3.24.3.1 Gel Casting

Gels were poured and run in a Bio-Rad Mini-Protdabual Slab cell (BIO-RAD,
USA). For two gels, a 10% resolving (running) ges prepared by mixing 1.62 ml of
solution 1A (60% {w/v} acrylamide + 1.88% {w/v} N,Nmethylene-bis-acrylamide), 3.3 ml
gel buffer (3 M Tris-HCI, pH 8.45), 1.09 ml glycér8.86 ml double distilled water, 100 ul of
10% (w/v) SDS, 50 ul of 10% (w/v) ammonium persaigh and 5 pl of N,N,N'N’-
tetramethylethylenediamine (TEMED). The resolvge) solution was then poured into the
plate assembly and immediately overlaid with waterexclude oxygen. The unused gel
solution was saved for 10 to 20 min to check whelgrperization had occurred.

When the gel had set, the overlaying water waveh The 4.5% stacking gel was
prepared by mixing 0.4 ml of solution 1A, 1.24 nilgel buffer, 3.32 ml of double distilled

water, 40 pl of 10% (w/v) SDS, 25 ul of 10% (wAmmonium persulphate and 2.5 pl of
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TEMED. Immediately after pouring the stacking getb the plate assembly, well-forming

combs were placed at an angle to prevent trappirigubbles under the teeth of the combs.

3.2.4.3.2 Sample Preparation and Electrophoresis

Each cell pellet collected during the pilot expressexperiment was re-suspended in
100 ul of 1 x SDS-PAGE sample buffer (Laemmli, 1970he 1 x SDS-PAGE sample buffer
consisted of 4% (w/v) SDS, 8.3% (v/v) glycerol, B0M Tris-HCI, pH 6.8, 10% (v/v)3-
mercaptoethanol and 0.01% (w/v) Coomassie blue @-23he cell suspensions and the
protein molecular mass standards were placed imgavater for 5 min and then centrifuged
briefly.

When the stacking gel had set, the combs werevethand the plates fitted into the
central stand of the running apparatus. The uppamber was filled with cathode buffer (0.1
M Tris, 0.1 M Tricine and 0.1% {w/v} SDS) and ch&zkto ensure that there was no leakage
occurring. The stand was placed into the tank amode buffer (0.2 M Tris-HCI, pH 8.9)
added to the lower chamber to cover the lower eldet

Five microlitres of each sample and the standaetewloaded onto the gel, the
apparatus connected to the power pack and electregis started at 30 volts (25 mA). After
45 min, the voltage was increased to 80 volts (8),rand 15 min later it was increased to 90
volts and kept constant until the tracking dye heakcthe end of the gel.

After electrophoresis, the gel was stained in Cagsie blue stain (0.1% {w/v}
Coomassie brilliant blue R-250, in 50% {v/v} metlohrand 10% {v/v} acetic acid) for 1 hr
with gentle shaking at room temperature. The ga$ ¥hen destained in destaining solution
(25% {v/v} methanol and 10% {v/v} acetic acid), sad in distilled water and the band pattern

observed.
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3.24.4 Analysis of Expression of the Wild Type Mukwa Seedlectin by
Western Blotting

After SDS-PAGE, the protein bands can be transfiefirom the gel onto the surface of
a thin matrix such as nitrocellulose or nylon meana. As the proteins are immobilized on
the matrix and are readily accessible to interastiwith ligands, if protein-specific polyclonal
or monoclonal antibodies are available, detectipinimunoprobing is possible. The protein
molecular mass standards used in this techniqué musever, be pre-stained or biotinylated.
The biotinylated standards are not boiled but isé ihcubated at 37°C for 2 hr.

Western blotting was used to verify if anti-nativeikwa seed lectin antibodies could
recognize the protein that had been expressdel woli TOP10 cells. The electrophoretic
transfer of the total protein in the coli TOP10 cells was done using Towbin and co-workers’

method (1979) in a Transblot apparatus (Bio-Rad).UK

3.244.1 Electrophoretic Transfer

After SDS-PAGE, the stacking gel was removed, dhentation noted by cutting a
corner and the gel equilibrated by gently shakingtransfer buffer for 15 min at room
temperature. The transfer buffer consisted of 28 s, 192 mM glycine and 20% (v/v)
methanol, pH 8.3. Washing in transfer buffer ree®06DS and other gel constituents that
may interfere with transfer.

The gel sandwich was assembled in a glass tdek fiith sufficient transfer buffer to
immerse it. The grey panel was placed horizontallthe glass tank and a pre-soaked fiber
pad placed on top. Two sheets of filter paper (iviaam, 3 MM), pre-cut to the same size as
the gel and saturated with transfer buffer, weee@d on top of the fiber pad and the gel gently
laid on top of the sheets of filter paper. Theavared side of the gel was overlaid with a pre-
wetted nitrocellulose sheet (Schleicher and SchiglF0.45 um), pre-cut to the size of the gel
plus 1 to 2 mm on each edge. Air bubbles were vexhdy rolling over a clean test tube or

glass rod. The nitrocellulose was overlaid witlotaer two sheets of buffer-saturated filter
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paper and another pre-soaked fiber pad placed pn tdhe sandwich was closed and
immediately immersed in transfer buffer in the #igalotting apparatus in the correct
orientation. The grey panel was placed towardscttaode of the apparatus such that the
nitrocellulose was positioned on the anode sidin@fgel. Transfer was achieved by applying
a voltage of either 30 volts (approximately 75 no&grnight or 100 volts (approximately 300
mA) for 2 hr with an ice-cold circulating water haised to cool the system.

After electrophoresis, the nitrocellulose shees weamoved from the blotting apparatus

and the orientation noted by marking with a scdti@encil.

3.2.4.4.2 Immunoprobing and Visual Detection of Proteins

The Western blot was placed in a plastic tray aod-specific ligand binding sites
blocked by shaking in 3% (w/v) bovine serum albuB®A) dissolved in phosphate buffered
saline (PBS), pH 7.3 for 1 hr on a rocking platforifhe PBS consisted of 10 mM potassium
phosphate, pH 7.3 containing 0.15 M NacCl.

After blocking, the blot was washed twice in 0.0%9v) Tween-20 in PBS. Each
washing step involved placing the blot in the appiade solution and gently shaking for 10
min. After washing, the blot was incubated at rotemperature, overnight, in a 1. 500
dilution of the rabbit anti-serum directed agai&t mukwa seed lectin. The antibody solution
was prepared in 3% (w/v) BSA and 0.01% (v/v) Tweéndissolved in PBS. The blot was
washed five times in 0.05% (v/v) Tween-20 in PB# #men incubated for 1 hr in a solution
containing 1 pg/ml protein A-biotin or anti-rabbgG alkaline phosphatase conjugate and 2
png/ml extravidin-phosphatase in PBS. The blot washed five times in 0.05% (v/v) Tween-
20 in PBS and twice (in 5-min incubations) in PBfyo

The blot was developed with 5-bromo-4-chloro-3ayldphosphatep-toluidine salt
(BCIP) and nitroblue tetrazolium (NBT) for chromoge visualization of the bands. This
stain was prepared just before use by adding 33081 and 165 pl BCIP to 50 ml of alkaline

phosphate buffer (100 mM Tris-HCI, pH 9.5, 10 mM®@nd 100 mM NacCl). The NBT and
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BCIP solutions were prepared in separate glasstopelissolving 50 mg in 1 ml of 70% (v/v)
and 1 ml of 100% (v/v) of dimethylformamide (DMFRspectively. Bands usually appeared
after 5 to 15 min in the staining solution and wagtthe blot in distilled water terminated the

reaction. The blot was then air-dried and kegtluminium foil.

3.2.5 Assaying the Expressed Wild Type Mukwa Seecettin for Activity

The binding capacity of the expressed lectin waisally tested using the crude cell
extract. After successful expression, the expertmgas then scaled-up to obtain large

guantities of the protein.

3.25.1 Scale-Up of Expression for Assaying for Biologicahctivity

The conditions determined in the pilot expressaperiment were used to grow and
induce 50 ml of recombinaf. coli TOP10 cells. Two millilitres of LB broth contamg 100
pg/ml carbenicillin were inoculated with one exgiag recombinank. coli colony and the
culture grown at 37°C overnight, with shaking ad 2pm.

The next day, 50 ml of LB broth, containing 100mbcarbenicillin, were inoculated
with 1 ml of the overnight culture and the cultgrewn at 37°C, with shaking at 250 rpm, to
an ODysonm= 0.40-0.45. The optimal amount of L-arabinos@0(hil of a 20% solution) was
added to the culture to induce expression. Theiauivas grown at 37°C, with shaking at 250
rpm, until the optimal time point was reached (16 h

The cells were harvested by centrifuging at 3 0@0for 10 min at 4°C (Sorvall RC-5B
Refrigerated Superspeed Centrifuge, Du Pont Ingnisp USA). The cell pellet was washed
in 10 ml of saline azide solution (0.15 M NaCl 92% {w/v} NaNs) supplemented with 5
mM CaCh and 5 mM MnGCJ, and then re-suspended in 2 ml of the same saolutthe C&"

and Mrf* ions are required for the activity of the mukwadséectin.
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3.25.2 Sonication of Cells

Agitating bacterial cells by high-frequency souwedves breaks the outer cell walls
thereby releasing their contents. The cells, imsazide supplemented with 5 mM Ca@hd
5 mM MnClh, were sonicated using amplitude of approximatdyniilliamplicons (Soniprep
150, MSE Scientific Instruments, UK). As the teicjug generates heat, samples were kept on
ice during sonication and this was done for 6 x ik with %2 min intervals.

After sonication, the samples were centrifuged microfuge at 13 000 rpm for 10 min

and the supernatant kept at 4°C.

3.2.5.3 Biological Activity Tests

Lectins are capable of agglutinating cells andagelutinating activity of the lectin is
often inhibited by simple monosaccharides. Readblcells have a range of sugar moieties on
their surface and are preferentially used for desks. The biological activity of the crude cell
extract was therefore assessed by haemagglutinatiigty tests followed by inhibition of

agglutination by methytx-D-mannopyranoside using rabbit and untreated huenghrocytes.

3.25.3.1 Washing of Rabbit and Human Erythrocytes

Rabbit blood was collected and mixed with an egoime of Alsever solution (0.05 g
glucose, 0.80 g Na-citrate, and 0.42 g NaCl in a0®idistilled water) containing 2 drops of
heparin per 5 ml of the solution. Human blood waléected in heparin-coated tubes.

To wash the erythrocytes, 2 ml of rabbit bloodXanl of human blood) were placed in
a 30-ml centrifuge tube, saline azide solution ddttethe mark, and the cells collected by
centrifugation at 450 x g (1 800 rpm in the SS3#®bmofor 20 min at 4°C (in the cold room).
Washing was repeated twice more using fresh salzige solution each time. After the third
wash, the erythrocyte pellet was re-suspended ml2&aline azide solution to give a 4% (v/v)

suspension.
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3.25.3.2 Haemagglutination Assays

Haemagglutinating activity was measured in U-sdapécrotitre plates. The wells of
the first column on the plate contained 25 ul dingaazide solution only and therefore acted
as the negative blank. The wells of the secondnopnlcontained 25 pl of the undiluted lectin
sample. Twenty-five microlitres of the undilutegtiin sample were added to the wells of the
third column and the lectin sample serially dilutetth an equal volume of saline azide
solution to give a final volume of 25 ul of dilutéettin sample per well. Lastly, 50 ul of the
4% (v/v) erythrocyte suspension were added tohalwells on the plate except for the last
column. This meant that if necessary, furthertaihs could be started from this column. The
plates were then incubated at room temperaturel for and the end-point of the titration
(agglutination titre) estimated visually and exgeab as the highest dilution that gave visible

agglutination.

3.25.3.3 Inhibition of Agglutination

The mukwa seed lectin is mannose-specific andénerethyle-D-mannopyranoside, a
more effective inhibitor than mannose for manndsefgse-specific legume lectins (Nomugta
al., 1998), was used in the inhibition of agglutinattest.

Firstly, the haemagglutinating activity of the deucell extract was determined and the
lectin sample diluted to give exactly 4 agglutingtiunits, that is, 3 wells in which
agglutination was visible. This diluted lectin gaen (crude cell extract) was then used
throughout to test for the inhibition of agglutirmet.

The wells of the first column of the U-shaped @labntained 25 ul of saline azide
solution only (no lectin and no sugar) and therefacted as the negative blank. The wells of
the second column contained 25 ul of the lectingdaronly but no sugar and thus acted as the
positive blank. The wells of the third column cained 25 pl of the undiluted sugar (200 mM

in saline azide). From the fourth well of each y@b pl of the sugar were serially diluted with
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equal volumes of saline azide solution to giveralfivolume of 25 pl of the diluted sugar.
Twenty-five microlitres of the lectin sample wetgeh added to each well except for the
blanks. Plates were incubated at room temper&ur20 min to allow the sugar to bind to the
lectin. Lastly, 50 pl of the 4% (v/v) erythrocydaspension were added to all the wells on the
plate except for the last column (to allow for het dilutions if necessary).

Plates were incubated at room temperature for, hththe end of which inhibition of
agglutination was estimated visually and expressetihe lowest concentration of sugar able to

inhibit agglutination.

3.2.6 Purification of the Expressed Wild Type Mukva Seed Lectin by
Affinity Chromatography

In order to analyze and characterize a given prpoteasonably large quantities of the

pure protein must be isolated.

3.2.6.1 Scale-Up of Expression for Purification

Optimal conditions determined in the pilot expesith (Section 3.2.4.2) were used to
induce 2 x 500 ml of cells. As foreign protein®guced inE. coli are at times rapidly
degraded by bacterial proteases (Gottesman, 18#6)wo cultures were grown separately so
that the cell extracts could be processed eithéinenpresence or in the absence of a protease
inhibitor cocktail respectively.

Thirty millilitres of LB broth containing 100 pgincarbenicillin were inoculated with
one expressing recombindatcoli TOP10 colony and grown overnight at 37°C, withkshg
at 250 rpm. The next day 10 ml of the overnighture were used to inoculate each 500 ml of
LB broth supplemented with the appropriate antibiotWhen the cells had grown to an
ODgsonm= 0.40-0.45, 5 ml of a 20% solution of L-arabinessre added to each 500 ml culture

to induce expression and the cultures allowed davgyvernight.
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The next day, one millilitre was taken from eadhttee two cultures, centrifuged at
13 000 rpm for 1 min and the pellet kept at -200€ $DS-PAGE analysis. The rest of the
cultures were centrifuged at 3 000 x g (4 200 rpr8arvall GSA rotor) for 20 min.

The pellet from one culture was washed in 50 ndadine azide solution supplemented
with 5 mM Mrf*, 5 mM C&" and a freshly prepared protease inhibitor cocktailmm
phenylmethylsulfonylfluoride {PMSF}+ 2 uM leupeptin2 uM pepstatin A). The cells were
re-suspended in 20 ml of the solution used for wagsh

The pellet from the second culture was washedOnn® of saline azide solution
supplemented with 5 mM each of frand C&" ions only. The cells were re-suspended in 20
ml of the same solution.

The cells were sonicated 6 x ¥2 min with Y2 minnveds as has already been described
in Section 3.2.5.2. Cell walls were removed bytgmging for 10 min at 15 000 rpm (Sorvall
SS34 rotor). The supernatant was applied onto ranos®-Sepharose-4B column equilibrated

in saline azide solution.

3.2.6.2 Affinity Chromatography

Lectins are routinely purified by affinity chronaggraphy. The technique is based on
the fact that a ligand (saccharide), covalently obitized onto a solid support, is only
recognized by a limited number of proteins in thgact. Adding free ligand into the elution
buffer can then specifically elute the adsorbedigings). Since the mukwa seed lectin is
mannose-specific, the lectin can be isolated byniaff chromatography on mannose-

Sepharose-4B.
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3.2.6.2.1 Immobilization of Mannose onto Sepharose-4B

Sugar molecules can be coupled to Sepharose rafsansactivation of the beads with
divinylsulfone. Divinylsulfone activation givessg to a very stable linkage between ligand
and matrix. Mannose was immobilized onto Sephad@saccording to Porath (1974).

Twenty grams of Sepharose-4B (wet weight) werehedson a sintered glass funnel
with double distilled water followed by 100 ml oM NaxCO;s buffer, pH 11. The beads were
re-suspended in 20 ml of the latter buffer.

To activate the Sepharose-4B, 4 ml of divinylsnéfavere added to the suspension and
the gel shaken for exactly 90 min at 25°C. Thewged transferred onto a sintered glass funnel
and washed extensively with 1 L of double distillgdter followed by 0.5 L of 1 M N&Os
buffer, pH 10. The washed beads were added tol28f en 100 mg/ml D-mannose solution,
prepared by dissolving 2 g of the saccharide in N&CO; buffer, pH 10. The gel suspension
was allowed to shake for 2 hr at 50°C and coupléigto proceed by shaking overnight at
35°C.

The gel suspension was transferred onto a sintglads funnel and washed
consecutively with 0.5 L each of: 1 M p&O; buffer containing 1 M NacCl, pH 10; 0.2 M
glycine-HCI buffer containing 1 M NaCl, pH 3; 1 MalfI and finally with 1 L of double
distilled water. To block the remaining reactiveups the gel was re-suspended in 100 ml of
0.2 M Tris-HCI buffer, pH 8.5, and washed with singkat 25°C for 3 hr. The gel was
transferred to a sintered glass funnel and wadirstiwith 1 L of double distilled water and

then with 1 L of 0.1 M NaHC®buffer, pH 8.2, and stored in saline azide sofutio

3.2.6.2.2 Affinity Chromatography on Mannose-Sepharose-4B Calmn

The mannose-Sepharose-4B column (2 x 7.5 cm) mtally equilibrated with saline
azide solution at a flow rate of 20 ml/hr usinguanp with the absorbance of the eluent being

monitored at 280 nm. The crude cell extract (18lpwas loaded onto the column and the
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unbound protein washed with saline azide solutiotil the absorbance at 280 nm approached
the set base line. The bound lectin was eluted @i8 M mannose in saline azide and the
remaining protein with 0.1 M acetic acid. The peéduted protein) were separately dialyzed
three times in 2 L of saline azide overnight at 4°The column was regenerated by washing

with saline azide and stored at room temperatutikdrsame solution.

3.2.6.3 Analysis of Purification

The purification process was analyzed by testivg drude cell extract, the unbound
fraction and the bound fraction(s) for agglutingterwctivity and running tricine-SDS-PAGE as
has already been described in Section 3.2.4.3. th&llfractions were first dialyzed against
water to remove saline azide and ¢henannose, and the bound fraction was then condedtra
using aMillipore Ultrafree-15 Centrifugal Filter device df0 000 MW limit (Sigma, UK)
before loading onto the gel. Protein concentrationeach fraction were determined by the
bicinchoninic acid (BCA) protein assay accordingSimith et al., (1985) using bovine serum
albumin as a standard. The estimated protein ctrat®ns and the agglutinating activity

were then used to calculate the total activity gnedspecific activity of the lectin.

3.2.6.3.1 Determination of Protein Concentration by the BCA Assay

The bicinchoninic acid (BCA) protein assay is lshea chemical principles similar to
those of the Biuret and Lowry assays. The pratgitture to be analyzed is reacted with*Cu
to give CU. The Cu is chelated by BCA, which converts the greenislowoof the BCA to
the purple colour of the CeBCA complex whose absorbance can be read at 562 nm

The BCA Protein Assay Reagent kit from Pierce (o 11, USA) was used to
estimate the protein concentration in each ledmpe collected throughout the purification
procedure. The assay was performed in flat-bottomécrotitre plates. All samples and

standards were diluted in saline azide solution.sedies of bovine serum albumin (BSA)
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solutions of known concentrations ranging fromt.2.0 mg/ml was prepared from a 2 mg/mi
stock solution and used as standards.

Two hundred microlitres of the BCA working reagdptepared by mixing 50 parts
reagent A containing sodium carbonate, sodium barzte, BCA detection reagent and
sodium tartrate in 0.2 N NaOH with 1 part reagerdddtaining 4% copper sulphate solution)
were added to 10 pl of each protein sample. Atneghlank, containing 10 ul of saline azide
solution and 200 ul of BCA working reagent, waduded on the plate. The plate was gently
shaken to mix the contents in each well, the ptateered and incubated at 37°C for 30 min.
After incubation, absorbance was read at 595 nma 8m-Rad/ 3550 microtitre reader. The

protein concentration of the lectin samples was #simated from the BSA standard curve.

3.2.6.4 Determination of the Effect of Culture Valmes on the Yield of
Expressed Lectin

During scaling-up, the amount of expressed prodbiained from a larger volume of
culture can be less than expected relative to theuat determined by the pilot expression
experiment. The effect of culture volumes on thmant of the expressed lectin was therefore
investigated.

Optimal conditions determined in the pilot expezith (Section 3.2.4.2) were used to
grow and induce 10 x 50 ml of cells and 1 x 50M@imtells with 20% L-arabinose as described
in Sections 3.2.5.1 and 3.2.6.1 respectively. myharvesting, the 10 x 50 ml cultures were
pooled together and treated as one sample whiledh® from the 1 x 500 ml culture were
treated as a second sample. The cells from eaunblsavere re-suspended in saline azide
supplemented with 5 mM &aand 5 mM MA* ions, 1/25 volume of the original culture,

sonicated, centrifuged and the supernatant paksaggh a mannose-Sepharose-4B column.
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3.2.7 Mutagenesis of the Sugar-Binding Specificityoop of the Mukwa
Seed Lectin

Introducing specific mutations into the DNA codifag a given protein will enable one
to follow their effect on the functional propertie$ the protein. Mutagenesis experiments
were carried out in order to establish if changimg amino acid sequence of the mukwa seed
lectin specificity loop would also change the specsugar that this lectin binds. Clone
Muk151QII28, pUC18 carrying the cDNA encoding thddwype mukwa seed lectin, was

available as the template for timevitro mutagenesis.

3.2.7.1 Mutagenic Primer Design

All mutagenic primers designed had a restrictiamlanuclease recognition site
incorporated into them. This meant that even thotng specific amino acid sequence was
maintained, in some cases the actual nucleotideeseg had to be changed in order to provide
a restriction endonuclease recognition site. lfleation of putative mutants would therefore
be possible by restriction endonuclease analyseganose gel.

In order to try and change the sugar specificitthe mukwa seed lectin, two different
approaches were used. The first approach invotgetbving the DNA segment coding for
seven amino acid residues that constitute thegbadine mukwa seed lectin specificity loop that
interacts with the sugar. The excised segmentrelaced with the respective DNA segment
coding for either nine or ten amino acid residuéshe corresponding regions of th#ex
europaeus Il lectin (UEA II) or theErythrina corallodendron lectin (ECorL) specificity loops

(see Figure 3.3).
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R V G F SlAAS G E QYlQT H T L Mukwa Lectin
AGAGT TGGATTCT CAGCTGCCTCAGGAGAGCAATATCAAACGCATACTCTT
GAATTC CTGCAG
GAATTC GATATC
TCCGGA GATATC Mukwa mnut ant
BspEl EcoRV

RVGFSlGGVGNAAEFlQTHTLUEAIIrrutantl
AGAGT TGGAT TCT CAGGNGGNGTNGANAAYGCNGCNGART TYCAAACGCATACTCTT

RV GF S G GV GNAAEYwY QT H T L UEAII nmutant 2
CCGGAGGNGTNGGNAAYGCNGCNGARTATC
TCCNCANCCNT TRCGNCGNCTYATAG

RVGFSlGATGAQRDAAlQTHTL EcorL nmutant 1
AGAGT TGGAT TCT CAGGNGCNACNGGENGCNCARCGNGAY GCNGCNCAAACGCATACTCTT

RV GF S GATGAIOQRDA QT H T L EcorL mutant 2
CCGGAGCNACNGGENGCNCARCGNGAYGCNGATC
TCGNTGNCCNCGNGT YGCNCTRCGNCTAG

Figure 3.2: Mutagenic primer design showing the removal of DA segment coding for the
part of loop D of the mukwa seed lectin that intésawith the sugar and its replacement with
the corresponding region of either the UEA 1l ordeCspecificity loops.

The amino acid residues of the UEA Il and ECorkcificity loops were designated
USP1 through USP9 and ESP1 through ESP10 respgctivén this approach, seven
mutagenic primers designated Muk-17, Muk-18, Muk-Muk-20, Muk-21, Muk-22 and
Muk-35 were ordered from Invitrogen Life Technolegj USA. Muk-17 and Muk-18 were
designed based on the clone Muk151QI128 (GenBardegsion Number AJ426056). Muk-19
and Muk-20 were designed based on the UEA Il gegeence (Lorigt al., 2000) while Muk-
21, Muk-22 and Muk-35 were based on the ECorL gemgience (Aranget al., 1990).

Muk-17, with sequence 5-CCTCAGGAGAGATATC AAACGCATA-3, has an
EcoRV recognition site, shown in bold, while Muk-18ithvsequence
5-GGGTTAGAGTTGGATTCICCGGAGCCTCAGGAGAGCGATATC-3' has aBspEI
recognition site, shown in bold. These two mutag@nimers were used for the introduction

of the ECORV andBspEI recognition sites at the 3’ and 5’ ends respetyi of the specificity
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loop in clone Muk151QII28. Digestion of the resuit clone, Muk151QI128-Mut, with
EcoRV and BspEl would then allow the nucleotide sequence codimgthe part of the
specificity loop of the mukwa seed lectin that rat#s with the sugar to be removed.

Muk-19, with sequence 5-CCGGAGGCGTTGGCAACGGCCGAAT-3, has a
BstZl (Eagl) recognition site, shown in bold, while Muk-20dhthe complementary sequence
5-ATTCGGCCGCGTTGCCAACGCCT-3'. Annealing these twomers would give a DNA
segment specifying for the part of the UEA Il sfietty loop that interacts with the sugar.
Introduction of this DNA segment into thiecoRV-BspEl-digested clone Muk151QII28-Mut
would give the amino acid residue USP9 as tyrosth€lUEA 1l mutant 2) instead of the
intended phenyalanine, F (UEA Il mutant 1) [seauFeg3.2].

Muk-21, with sequence 5-CCGGAGRECGGT GCGCAGCGTGATGCGG-3', has
anAgel recognition site, shown in bold, while Muk-22 ithe complementary sequence
5-CCGCATCACGCTGCGCACCGGTCGCT-3. Annealing thase primers would give a
DNA segment specifying for the part of the ECorledficity loop that interacts with the
sugar. However, introduction of this DNA segmemioithe ECORV-BspEI-digested clone
Muk151QI128-Mut would give the amino acid residusHa0 of the ECorL specificity loop as
aspartic acid, D (ECorL mutant 2) instead of thgumneed alanine, A (ECorL mutant 1) [see
Figure 3.2]. The nucleotide sequence coding ferRhresidue would then be changed to the
nucleotide sequence coding for an A residue using-B6. Muk-35, with sequence
5-GGAGCGACCGETGCACAGCGTGATGCGGCTAAACGCATACTCTT-3’, has an
ApalLl recognition site, shown in bold and the targetecbdon, underlined.

The second approach involved introducing specifittations predicted from X-ray
crystallography to result in a change of the swggacificity from a-mannose/glucose tB-
mannose/glucose (Lorit al., 2004). In this approach three mutagenic primeesjgnated
Muk-30, Muk-33 and Muk-34, were designed basedlonecMuk151QI128 and ordered from

Invitrogen Technologies, USA.
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Muk-30 and Muk-33, with sequences
5-CAGCTGCCTCAGGAGSATATC AAACGCATACTCTTG-3 and
5-GATTCTCAGCTGCCTCAGGAGGAGATATC AAACGCATACTCTTGAATCATG-3
respectively, have aBcoRV recognition site, shown in bold. Muk-30 allowked the deletion
of the nucleotide sequence encodintf*Eamino acid residue and the substitution of the
nucleotide sequence encoding*€amino acid residue with a G residue in the mukwedse
lectin specificity loop. Muk-33 allowed for the Istitution of the nucleotide sequence
encoding both the " and G* residues in the mukwa seed lectin specificity lodih two G
residues.

Muk-34, with sequence
5-GACACCTTCTATGCGCAAGACTATAACACTTGGGATCCGAATTAC-3, has an
Fspl recognition site, shown in bold. This mutagemitner allowed for the substitution of the
nucleotide sequence encodint’@mino acid residue of the mukwa seed lectin witkt tf

tyrosine.

3.2.7.2 Oligonucleotide-Directed Mutagenesis by Eliminatiorof a Unique
Restriction Site

The Unique Site Elimination (U.S.E.) Mutagenesis(Rmersham Biosciences, 2000)
was used for the site-directed vitro mutagenesis experiments. The method utilizes two
oligonucleotide primers that introduce mutations ithe plasmid. The selection primer carries
a mutation that destroys a unique, non-essens#icgon endonuclease recognition site in the
plasmid. Elimination of this site renders the ntedlaplasmid DNA resistant to restriction
digestion, providing the basis for selection. Tesired target mutation is introduced into a
defined sequence of the plasmid by the target reniagrimer.

Clone Muk151QII28, pUC18 carrying the cDNA encaglihe wild type mukwa seed
lectin, was used as the original template. Twectn primers, designated SELECPUC1 and

SELECPUC2, were designed based on the pUC18 niddesequence. SELECPUC1
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converts théNdel recognition site to th&lcol recognition site while SELECPUC2 converts the
Ncol recognition site to theéNdel recognition site. SELECPUC1 and SELECPUC2, with
sequences 5-GAGTGQ2CATGG GCGGTGTGAAAT-3’ and

5-GAGTGCACCATATG CGGTGTGAAAT-3 have the respectividcol andNdel restriction

endonuclease recognition sites, shown in bold.

3.2.7.3 Introduction of theEcoRV Recognition Site into Clone Muk151QII28

Mutagenic primer Muk-17 was used to introduceEbeRV recognition site into clone

Muk151QI1128, with SELECPUC1 as the selection primer

3.2.7.3.1 Annealing of Primers to Plasmid DNA and SynthesisfdMlutant DNA
Strand

Site-specific mutations are introduced into thasplid under the direction of the
selection and the mutagenic primers. The doulbdaided target plasmid is first heat-
denatured and the primers simultaneously annealethé same stand of circular single-
stranded plasmid DNA. Synthesis of the new st@ihB®NA results in incorporation of the
altered sequences.

For the annealing reaction, 100 ng of plasmid D{glsne Muk151QI128), 100 ng of
selection primer (SELECPUC1), 100 ng of mutagenmimer (Muk-17), 2 pl of 10 x One-
Phor-All Buffer PLUS (100 mM Tris acetate, 100 mMagmesium acetate and 500 mM
potassium acetate, pH 7.5) and water up to 20 pe¢ wexed in an Eppendorf tube. The tube
was incubated in boiling water for 5 min and imnagelly chilled on ice for 5 min. The tube
was centrifuged briefly and then incubated at réemperature for 30 min.

The mutagenesis reaction mix was set up by addimgof the nucleotide mix and 3 ul
of the reaction mix (containing T4 DNA polymerasalalr4 DNA ligase) to the tube. The
contents of the tube were mixed gently, the tubrgrifeged briefly and incubated at 37°C for

1 hr.
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After incubation, the reaction was stopped by Imgaéit 85°C for 15 min after which the tube

was centrifuged briefly and placed on ice.

3.2.7.3.2 Primary Selection by Restriction Endonuclease Digéisn

The product of the previous procedure in Sectidh733.1 is a heteroduplex plasmid
consisting of a wild type parental strand and a fgiength strand that carries the desired
mutation but no longer contains the unique resbmctecognition site. This product, however,
also contains wild type molecules that were nevsaduas templates of the DNA synthesis
primed by the two primers. If this mixed plasmiopplation is incubated with the restriction
enzyme whose recognition site was eliminated byUk®.E. selection primer, the mutated
plasmids are resistant to digestion but the wifgetynolecules are linearized.

To the tube containing the mutagenesis reaction(8d ul), 5 pl of 10 x One-Phor-All
Buffer PLUS, 1 pl (10 units) dfidel and 14 ul of water were added and mixed gendlfter

centrifuging briefly, the reaction tube was incwdzhat 37°C for 2 hr.

3.2.7.3.3 Transformation of E. coli WK6émutS Cells

Transformation efficiency is 10 to 1000-fold geatvith circular DNA than with linear
DNA (Conley and Saunders, 1984). Consequentlyhef mixture of circular heteroduplex
DNA and linear wild type DNA is used to transformB coli strain that is deficient in repair
of mismatched bases, transformation with mutardrpid is favoured.

To enhance mutagenesis efficiency, the bacterals cwere transformed using
electroporation. In this technique, the applicatad a pulse of electricity to bacterial cells is
thought to open pores in the membranes throughhavbBiA molecules can pass from the
medium into the cytoplasm. This method gives ti@msation efficiencies greater than

available with most chemical methods (Bonnasrti@l., 2000).
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3.2.7.3.31 Preparation of Electrocompetent Cells

A 15% glycerol stock oE. coli WK6mutS cells (stored at -8C) was thawed on ice
and a loopful of the cells asceptically streaketbdiB agar. The plate was incubated at@7
overnight. A single colony was asceptically pickawculated into 5 ml of liquid LB broth
and grown overnight with shaking at 250 rpm (Newriwick Innova Shaker, USA). Two
millilitres of the overnight culture were inoculdténto 200 ml of LB liquid broth in a 500 ml
flask and grown at 3T with shaking at 250 rpm to an absorbance of 0.48-at 660 nm.

The cell suspension was then chilled on ice fon®, centrifuged at 4 000 x g for 15
min at £C (Sorvall RC-5B Refrigerated Superspeed Centrifi@e Pont Instruments, USA)
and the supernatant discarded. The cells werasgesded in the original culture volume (200
ml) of ice-cold water, centrifuged again at 4 00@ %or 15 min at 4C and the supernatant
discarded. Twice, the cells were re-suspendedOd rhl of ice-cold water followed by
centrifugation. The cells were then re-suspendetiml of 10% sterile glycerol and collected
by centrifugation. Finally, the cells were re-saisged in 600 pl of 10% sterile glycerol,
dispensed into 40 ul aliquots in pre-chilled Eppehdubes and stored at -8D. To assess
electrocompetence, the cells were transformed vathC18 and plated on LB agar
supplemented with 100 pg/ml carbenicillin. Untfansed cells were also plated on LB agar

containing 10Qug/ml carbenicillin as a negative control.

3.2.7.3.3.2 Electroporation

Electroporation was carried out using the BIO-R&Bne Pulser (BIO-RAD, USA).
The plasmid DNA sample from the mutagenesis reactias dialyzed on nitrocellulose
millipore filter (0.025 um White VSWP, 13 mm) fortit against sterile water in a Petri dish to
remove all salts in preparation for electroporatiofwo transformation reactions were set up

using 2 pl and 20 pl of the mutagenesis reactiaarpid DNA respectively.
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Electrocompetent cells were thawed on ice, gemilked with the plasmid DNA and
incubated on ice for 1 min. The Gene Pulser appsitaas set at 25 pF, 200 ohms and 2.5 kV.
The mixture of cells and plasmid DNA was transférte an ice-cold 0.1 cm electroporation
cuvette and the suspension shaken to the bottaheafuvette. The cuvette was then placed in
a safety chamber slide and pushed until the cuwetteseated between the contacts in the base
chamber of the electroporation device.

After pulsing the apparatus once, the cuvette reasoved from the chamber and the
cells immediately re-suspended in 900 pl of SOCiomed2% {w/v} Bacto-tryptone, 0.5%
{w/v} Bacto-yeast extract, 10 mM NacCl, 2.5 mM KA mM MgCh, 10 mM MgSQ and 20
mM glucose). The cell suspension was transfeweal 17 x 100 mm polypropylene tube and
incubated at 37°C for 1 hr with shaking at 225 rpm.

One hundred microlitres of each transformatiorctiea were plated out on LB agar
supplemented with 100 pg/ml carbenicillin and iretiglol at 37°C overnight. To each of the
remaining transformation reaction, 3 ml of SOC medisupplemented with 100 pg/mi

carbenicillin were added and the cultures growd7aC overnight with shaking at 250 rpm.

3.2.7.3.4 Enrichment for Mutant Plasmids

When the circular heteroduplex plasmids replicdtes first round of replication
generates a wild type plasmid that carries themalgestriction recognition site and a mutated
plasmid that does not. If DNA from the first séttiansformants is isolated, digested with the
same restriction enzyme to linearize the wild typelecules and then used to transform a
standard laboratori. coli strain, the proportion of mutant plasmid withire thopulation is
increased.

Plasmid DNA from thee. coli WK6mutS cells was isolated from the overnight cultures
using the QIAprep Spin Miniprep kit (Qiagen, 20Q0da)his DNA was subjected to a second
round of restriction enzyme selection. Five miitres of plasmid DNA were mixed with 2 pl

of 10 x One-Phor-All Buffer PLUS, 1 ul (10 unitd)Mdel and 12 ul of water and incubated at
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37°C for 2 hr. After incubation, the plasmid DNAasvused to transforia. coli K514 cells
using Hanahan and co-workers’ method (see Secti@®.8). Individual transformant
colonies were used to prepare plasmid miniprepsrantants were identified by restriction

endonuclease digestion wiitoRV andEcoRI followed by agarose gel analysis.

3.2.7.4 Introduction of theBspEl Recognition Site into Clone Muk151QI128
Carrying the EcoORV Recognition Site

Mutagenic primer Muk-18 was used to introduce BgeEl recognition site into clone
Muk151QIl128, now carrying areEcoRV recognition site. SELECPUC2 was used as the
selection primer. To achieve this, the U.S.E. Mateesis kit (Amersham Biosciences, 2000)
was used as has already been described in Sec2on33 Mutants were identified by
restriction endonuclease digestion wiBgpEl and EcoRI followed by agarose gel analysis.
Mutants were also digested wiHtoRV to check if both restriction endonuclease redomm
sites had been successfully incorporated. Segugmpcimers Muk-6, that binds upstream, and
Muk-12 (sequence 5-CTTCTTCTGAGCAGTGTAC-3'), thatinds downstream of the
mutated region, were used to check if the nucleateljuence was as intended (see Appendix

C).

3.2.75 Introduction of the UEAII and the ECorL Specificity Loops into
the Mukwa Seed Lectin

The nucleotide sequence encoding the mukwa seged $pecificity loop was removed
from clone Muk151QII28 mutants carrying tlecoRV and BspEl recognition sites by
digesting the mutant plasmid DNA with these restiit endonucleases. Equimolar
concentrations of primer pairs specifying for thEAJIl (Muk-19 and Muk-20) and the ECorL
(Muk-21 and Muk-22) specificity loops respectivelygere separately annealed and ligated with
the EcORV-BspEI-digested mutants. It must be noted howevet, tthe introduction of the

DNA segment specifying for the ECorL specificityoppinto theECORV recognition site gave
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in the last amino acid residue of this segment, IlS&s aspartic acid (D) instead of the
required alanine (A).

To approximately 1 ug of mutant plasmid DNA, 2gfl10 x NEB buffer 3 (100 mM
NaCl, 50 mM Tris-HCI, 10 mM MgG| 1 mM dithiothreitol, pH 7.9 at 25°C), 1 pl (10its)
EcoRV, 1 pl (10 units)BspEl and water up to a total volume of 20 ul wereextldnd the
mixture incubated at 37°C for 2 hr. A 5 pl aliqubtthe digested DNA was run on agarose gel
to check for complete digestion.

For the annealing reaction, 5 ul each of a 5 pMtem of Muk-19 and Muk-20 were
mixed with 10 pl of water, incubated in boiling wator 5 min and then allowed to slowly
cool down (by switching off the water bath) to abdG°C. Similarly Muk-21 and Muk-22
were also annealed. For the ligation reaction| (125 pmol) of annealed primers, 5 ul (0.1
pmol) of digested plasmid DNA, 2 ul of 10 x T4 DNi@ase buffer, 0.1 pl (0.5 units) of T4
DNA ligase and water to a total volume of 20 pl everixed and incubated at 16°C overnight.
The whole ligation mixture was used to transfdencoli K514 cells using Hanahan and co-
workers’ method (see Section 3.2.2.8).

Colony screening PCR using primer pairs Muk-6/Mik-and Muk-6/Muk-22 was
used to identify pools carrying putative mutantshwthe UEA Il and the ECorL specificity
loops respectively (see Section 3.2.2.9).

Cultures of individual colonies were then growrd anutants positively identified by
digesting withBstZI for the UEA 1l loop D and withAgel for the ECorL loop D. Sequencing

primers Muk-6 and Muk-12 were used to confirm teguence of the mutants.

3.2.7.6 Replacement of Aspartic Acid Residue withAlanine (ESP10) in
Mutants Carrying the ECorL Specificity Loop

The nucleotide sequence coding for the D resitheetenth amino acid residue of the
ECorL specificity loop had to be changed to givat thf the required A residue (ESP10). To

achieve this, the U.S.E. Mutagenesis kit (AmershBimsciences, 2000) was used, with
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mutagenic primer Muk-35 and selection primer SELBCR, as has already been described in
Section 3.2.7.3. Colony screening PCR using psmduk-6 and pUC RP (sequence 5'-
AGCGGATAACATTTCACACAGGA-3) was carried out as degmed in section 3.2.2.9 and
pools carrying putative mutants identified by diges the amplified product withApaLl.
Plasmid DNA was isolated from cultures of indivilusolonies and mutants positively

identified by digestion witiA\paLl followed by sequencing using primers Muk-6 andkviL2.

3.2.7.7 Substitution of Glutamic Acid (E*)) and Glutamine (Q**) Residues
in the Mukwa Seed Lectin Specificity Loop by Oner Two Glycine
(G) Residues

Mutagenic primer Muk-30 was used to delete theeutitle sequence encoding*E
amino acid residue and substitute thé?@mino acid residue with a G residue in the mukwa
seed lectin specificity loop. Similarly, mutagemomer Muk-33 was used to substitute the
nucleotide sequence encoding both thg Bnd the &7 amino acid residues with G residues.
For both mutants, mutagenic primer Muk-34 was usedubstitute the nucleotide sequence
encoding &’ of the mukwa seed lectin with that of tyrosineo dchieve this, the U.S.E.
Mutagenesis kit (Amersham Biosciences, 2000) witime Muk151QII28 as the template and
SELECPUCL1 as the selection primer, was used fdr kezctions.

For each mutagenesis reaction, 100 ng of eadiechtee primers (the selection primer
and the two mutagenic primers), were added to #meesreaction tube and annealed at the
same time. Mutants were identified by digestinghvicoRV andEcoRI as well as withH=spl
followed by sequencing. Sequencing was carriedusung primers Muk-6 that binds upstream

and Muk-12 that binds downstream of the mutatetbreg

3.2.7.8 Sub-Cloning of the DNA Encoding the Mukwa Mutant Lectins into
the pBADMycHisA-Wild Type Mukwa Seed Lectin Clone

Clone Muk151QII28 mutants were used as templatéd DN amplify, by PCR, the

DNA fragments carrying the incorporated mutatioiifie primers used were Muk-6 that binds
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upstream and Muk-25 that binds downstream of théated region. The PCR-generated
fragments were then sub-cloned into the pBABHIsA-wild type mukwa seed lectin clone.

The presence of unique recognition sites, foricgin endonucleaseSlal and Avrll,
in the DNA coding for the mukwa seed lectin whiche absent in both puUC18 and
pBADMycHisA vectors, enabled the sub-cloning (see Appe@)ix By digesting with these
enzymes, the wild type mukwa seed DNA segment enpfBADMycHisA recombinant clone
could be excised and be replaced by the correspgnBNA segment from the pUC18
recombinant mutants that had been generated by PCR.

The PCR-generated fragments (amplified under #mesconditions as has already
been described in Section 3.2.1.2) and the pBW&HisA-wild type mukwa seed lectin clone
were digested with different combinations@#hl, Avril and EcoRI. The digested DNA was
ligated using T4 DNA ligase. The expectation waet wpon ligation, some of the wild type
mukwa seed DNA would be replaced by the mutated Bdgment. Colony screening PCR
was then set up using primers pBAD1 and Muk-25. geBiing with the restriction
endonucleases specific for each mutant, followeddmguencing using primers pBAD1, Muk-6

and Muk-25, led to the identification of mutants.

3.2.7.9 Expression of the Mukwa Seed Mutant Lectins

The mukwa seed mutant lectins were expressed roli TOP10 cells as has been
described in Section 3.2.4.2 for the wild type malkseed lectin.

The pBADMycHisA-mukwa seed mutant lectins were transformed khtcoli TOP10
cells as described in Section 3.2.2.8 and selecedLB agar containing 100 pg/ml
carbenicillin. Varying amounts of L-arabinose oagten-thousand-fold range, from 0.00002%
to 0.2% (w/v), were used to determine the apprtgraanount of L-arabinose required for
maximum expression of the mukwa seed mutant lectife analyze the expression, SDS-

PAGE was then used as described in Section 3.2.4.3.
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3.2.8 Characterization of the Mukwa Seed Mutant Leiins
After introducing specific mutations into the DNAding for a given protein, changes
in the functional properties of the protein candbedied. Following expression, the desired

protein must be isolated and characterized.

3.2.8.1 Assaying for Cross-Reactivity of the MutarLectins with
Antiserum Directed Against the Mukwa Seed Lectin

In order to determine if the mutant lectins colédpurified by affinity chromatography
on an antibody column, the mutant lectins had tassayed for cross-reactivity with antiserum
directed against the mukwa seed lectin. The cexeact fromE. coli cells expressing the
mutant lectins was first subjected to ammonium Isalip precipitation and the different

fractions used in agarose gel immunodiffusion tests

3.2.8.1.1 Ammonium Sulphate Fractionation

In the presence of high salt concentrations, prsteend to aggregate and precipitate
out of solution. Many contaminants such as nuctails and polysaccharides remain in
solution and hence salting out of proteins helpghepurification process. To fractionate the
protein sample, small quantities of the salt, teeghe desired percent saturation, are added at ¢
time with stirring until all the salt has dissolvadd then the precipitated protein is removed by
centrifugation.

Fifty millilitre cultures of each of the bacterie¢lls expressing the wild type lectin and
the mutant lectins were grown and the respectivudecicell extracts subjected to ammonium
sulphate fractionation. The 2 ml crude cell extraas made up to 5 ml with saline azide
solution and subjected to 30% saturated ammoniuphate precipitation (176 g of salt/ 1 litre
of solution) according to Green and Hughes (1958)e precipitated protein was removed by

centrifugation at 15 000 rpm (SS34 Rotor) for 1% rand dissolved in 1 ml of saline azide.
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The supernatant was subjected to 60% ammonium &g Eaturation (198 g of salt/ litre of
solution) and the precipitated protein dissolved iml of saline azide. The supernatant was
further subjected to 90% ammonium sulphate satng®27 g of salt/ litre of solution) and the
precipitated protein dissolved in 1 ml of salineédaz The 1 ml protein fractions were dialyzed
overnight against 2 x 2 L of saline azide. Aftaalykis, the dialysates were centrifuged in a
microfuge at 13 000 rpm for 15 min to remove angt@n precipitates, and the clear

supernatant was used in the immunodiffusion tests.

3.2.8.1.2 Agarose Gel Immunodiffusion Tests

The basic principle of agarose gel immunodiffusiethe formation of complexes that
precipitate out of solution. The procedure invehaelding antigen and antibody to wells in an
agarose gel and allowing them to diffuse into tharase gel. Precipitin lines form where the
antigen meets specific antibodies.

Six microscope slides were mounted onto a spgcidisigned tray (Gelman
Instruments, USA). In order for the agarose tckstinto the slides, a 0.2% (w/v) agar solution
(in water) supplemented with glycerol (1 drop/25) mias applied onto the slides using a
paintbrush. When the solution had solidified, 10ofm1% (w/v) agarose solution (in 50 mM
barbital buffer, pH 8.6 containing 0.02% {w/v} Na\supplemented with 3% (w/v) PEG-

6 000, were applied to each half of the tray amhaladd to solidify. Holes were then punched
into the agarose using a gel punch (Gelman Instntsn&SA) to give the shape of a rosette,
and the agarose removed using a Pasteur pipetthatt to a vacuum pump.

Five microlitres of the antiserum directed agaihgt mukwa seed lectin were applied
into the central hole of each rosette on the slates5 pl of each of the ammonium sulphate
fractions of the recombinant lectins applied inb@ touter holes. Pre-immune serum was
included as a negative control and purified natugkwa seed lectin as the positive control.
The tray was then placed on top of several laykrgetted tissue paper in a microscope slide

tank, incubated at 4°C overnight, after which tldes were observed for precipitin lines.
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3.2.8.2 Assaying for Recognition of Glycoproteingy the Mukwa Seed
Mutant Lectins

In order to determine if the mukwa seed mutantinecwere capable of binding any
glycoproteins, different glycoproteins were blottedto nitrocellulose, incubated with the
ammonium sulphate fractions containing the recoamtihectins (determined from the agarose
gel immunodiffusion tests) and immunoprobed withissmum directed against the mukwa

seed lectin.

3.2.8.2.1 Preparation of Glycoproteins of High Variability

Porcine and bovine plasma powders are useful esucd glycoproteins of high
variability (Nollet et al., 1999). However, plasma powders contain huge atsoof serum
albumin, a non-glycosylated protein (Jordan andd&ein, 1994; Guzman-Partida al.,
2004), and this must be removed first.

Five grams of each of porcine and bovine plasmadeos (Functional Animal
Proteins, Vepro Products, Belgium) were respedtisaspended in 30 ml of 20 mM phosphate
buffered saline (PBS), pH 7.2 containing 0.02% {viMaN; and dialyzed overnight against 2 x
1 L of the same buffer. The dialyzed plasma susipes were centrifuged at 15 000 rpm
(SS34 rotor) for 15 min and the pellet discardethe supernatant was subjected to 40%
ammonium sulphate saturation (243 g of salt/ tifreolution) and the precipitated protein (the
IgG fraction) dissolved in 10 ml of 20 mM PBS, pHR2.7 The supernatant was dialyzed
overnight against 2 x 1 L of 25 mM Na-acetate bufféd 5.2.

The dialysate was centrifuged at 15 000 rpm fomdib to remove any precipitated
protein and the supernatant applied onto a DEAEi&®se column (2 x 18 cm) that had been
equilibrated in 25 mM Na-acetate buffer, pH 5.2.fteA the unbound fraction had been
collected, the BSA fraction was eluted with 25 mM-&ketate buffer, pH 4.4. The rest of the
protein was eluted with 150 mM Na-acetate buffét,40. The different fractions, including

the IgG fractions were dialyzed overnight againsgt2L of 20 mM PBS, pH 7.2.
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Half of each fraction was dialyzed for 4 hr agaidst 2 L of double distilled water and freeze-

dried (Virtis, USA) overnight.

3.2.8.2.2 Analysis of Binding of Glycoproteins by Recombinant.ectins

Five milligrams of each of the freeze-dried frano8, as well as lyophilized hen egg
white, were dissolved in 1 ml 1 x SDS-PAGE sampletton (Laemmli, 1970) and the quality
and quantity checked by SDS-PAGE as has already @escribed in Section 3.2.4.3. Five
microlitres of each sample were then used for Wediotting as has also been described in
Section 3.2.4.4. An additional step was, howewetuded after blocking. This step involved
incubating the blot for 5 hr in a 1 in 100 dilutiohthe 30-60% ammonium sulphate fraction
(250 pl in 25 ml) of the recombinant lectin. Eawhthe different recombinant lectins was
analysed separately. The recombinant lectin smiuttas prepared in 3% BSA (w/v), 0.01%
Tween-20 (v/v) in 10 mM PBS, pH 7.3. After washitng blots, antiserum directed against
the mukwa seed lectin was added and the protocointed as before.

Negative controls, in which sugar moieties werst filestroyed by incubating the blots
in 10 mM NalQ in 0.2 M Na-acetate buffer, pH 5.0 overnight befadding the recombinant
lectins, were included. As the sodium periodatetion must take place in the dark, the tray
containing the blots was covered by aluminium foil.

For the wild type recombinant lectin, a third Wstblot processed in the presence of
100 mM methyle-D-mannopyranoside was included. The presencki®fstugar in the lectin
sample and the washing solution would inhibit taetih from binding to mannose moieties on

the glycoproteins.
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3.2.9 Purification of the Mukwa Seed Mutant Lectins

The mukwa seed mutant lectins were purified tcemheine their physico-chemical
characteristics and to produce their respectiveayXgrystals. The cross-reaction of these
mutant lectins with antibodies directed againstrthBve mukwa seed lectin (determined from
the agarose gel immunodiffusions) meant that tmesembinant lectins could be isolated by
affinity chromatography on a mukwa seed lectin l@ody-Sepharose-4B column.
Consequently, antiserum directed against the nativkwa seed lectin had to be developed
and specific antibodies isolated from total IgGdffinity chromatography on a mukwa seed

lectin-Sepharose-4B column.

3.29.1 Immunogen Preparation

The native mukwa seed lectin, used as the immumogas purified from the seed
crude extract on Sephadex G-75. The lectin interaaversibly with Sephadex and is eluted
slower than the rest of the protein in the ext(&anyumwa, 1998).

The mukwa seed coat was peeled off using a shade land the seeds ground to a fine
powder using a mortar and pestle. The seed meatiefatted by stirring in hexane (5 ml/g) at
room temperature for 2 hr. The hexane was remdmediltration under vacuum and the
defatted seed meal dried in the fumehood for 1 Fhe resulting dry seed meal was then
extracted with saline azide (5 ml/g) on a magnstiicer at 4°C overnight. The crude extract
was filtered through cheesecloth and clarified bgtafugation at 15 000 rpm (SS34 rotor) at
4°C for 15 min.

The crude extract was subjected to 30% ammonidphate saturation followed by
centrifugation at 15 000 rpm for 15 min. The ré&sgl supernatant was subjected to 60%
ammonium sulphate saturation and the pellet ohdagliesolved in saline azide (1 ml/g of dry

seed meal).
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Five millilitres of the 30-60% ammonium sulphatadtion of the mukwa seed extract
was applied on a 2.5 x 28 cm Sephadex G-75 colurdreluted with saline azide at a flow rate
of 0.34 ml/min. Fractions of the fourth (retard@&ak were analysed by SDS-PAGE to check
for purity, pooled together and concentrated usiidillipore Ultrafree-15 Centrifugal Filter
device of 10 000 MW limit (Sigma, UK).The lectin concentration was determined by

measuring the O, using 1.33 as the specific absorbance of thenlect

3.2.9.2 Immunization and Bleeding of Rabbits

When an immunogen is administered to an animas, iecognized as foreign and the
animal produces antibodies directed against itpeeed immunization (boosting) increases
the amount and the affinity of antibody producd®abbits are often chosen for immunization
purposes as they are small enough to keep in avoinfdcility and yet are large enough to
produce reasonable amounts (up to 25 ml of bloodleed) of antiserum.

Before immunization, 1 ml of pre-immune serum wablected from each of the three
rabbits. The innoculum was prepared by mixingrthékwa seed lectin with an equal volume
of Freund’s adjuvant and vortexing vigorously. dial of 500ug of the immunogen in 2 ml
was injected into each rabbit in four sites, two tramuscular and two
intradermal/subcutaneous. Complete adjuvant wed fes the initial immunization while the
incomplete adjvuvant was used for the subsequerdtbponce every 2 weeks.

After 8 weeks, the rabbits were bled once evergknfeom the ear by restraining the
animal and making a small cut in one of the veinthe outer edge of the ear. The blood was
left to clot at room temperature for 1 hr and tis¢ored at 4°C overnight to allow the clot to
retract. The antiserum was obtained by centrifogaat 2 000 x g and used in agarose gel

diffusions to test for the presence of specifickaties.
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3.2.9.3 Isolation of Total IgG by Caprylic Acid Fractionation and DEAE-
Cellulose Chromatography

IgG is the major serum antibody and constitutesutila sixth of the protein present.
Caprylic acid precipitates contaminating proteimsl deaves the antibody in solution. The
product, which is about 50% IgG, is contaminatethvdlbumin and other serum proteins
(Steinbuch and Audran, 1969). Contaminants areovenh from the IgG by ion-exchange
chromatography using the anion exchanger diethylaethyl (DEAE)-cellulose. The
separation is on the basis of charge and makesfube fact that IgG has a higher isoelectric
point than other serum proteins.

A measured volume (50 ml) of antiserum was plaoea beaker and mixed with two
volumes (100 ml) of 0.06 M acetate buffer, pH 4@aprylic acid, 7.5 ml per original 100 mli
of antiserum, was added dropwise with stirringloiwing which the mixture was stirred for a
further 30 min to ensure maximum precipitation. eTprecipitate was removed by
centrifugation at 2 000 x g at room temperature ttuedsupernatant filtered through Whatman
filter paper to remove fines and through O filters to clear. The clear supernatant, now
called the caprylic acid cut, was concentratedettuce the volume to about 50 ml. Caprylic
acid was removed by dialyzing against 2 x 2 L ®&20M phosphate buffer pH 6.2 containing
0.02% (w/v) sodium azide at 4°C.

A 2.5 x 20 cm DEAE-cellulose column was equililecgtvith 0.02 M phosphate buffer
pH 6.2 at a flow rate of 1.0 ml/min using a pumphwabsorbance of the eluent being
monitored at 280 nm. Twenty-five millilitres ofd@hcaprylic acid cut was loaded onto the
column and the 1gG eluted in the void volume utiité absorbance at 280 nm approached the
set base line. The bound contaminants were elwitdd 0.02 M phosphate buffer pH 6.2
containing 2 M NaCl. The column was regeneratedwaghing with the starting buffer
containing 0.02% (w/v) sodium azide and storedaaminr temperature in the same buffer.

Protein recoveries were determined using the BGAepm assay.
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3.2.94 Immobilization of the Native Mukwa Seed Lectin oto Sepharose-4B

Glycoproteins can be coupled to Sepharose beadts hitve been activated with
cyanogen bromide (CNBr). Cyanogen bromide readis tlve hydroxyl groups of Sepharose
to form imidocarbonate and carbamate groups. [Qutle subsequent coupling of the
glycoprotein to the active product, the imidocarden groups react with amino groups
belonging to the glycoprotein with the formation stable covalent linkages (Kohn and
Wilchek, 1984; Beeckmans, 1999).

Forty-five milligrams of the native mukwa seed irdsee Section 3.2.9.1) in a volume
of 20 ml were dialyzed against 3 x 2 L of couplingffer, 0.1 M NaHCQ buffer, pH 8.2
containing 0.5 M NaCl and immobilized onto 4 g oNBr-activated Sepharose-4B. The
Sepharose was washed and re-swelled on a sint&ssl fgter using 800 ml of 1 mM HCI
followed by 1 L of coupling buffer and the lectinlstion added immediately. The lectin-gel
suspension was mixed in an end-over-end mixer fdir &t room temperature and then
overnight at 4°C. The gel was collected by filmatand the lectin content in the filtrate
compared with the original lectin content by measypabsorbance at 280 nm.

Remaining active groups were blocked by incubatireggel in 40 ml of 0.2 M glycine,
pH 8.0 at room temperature for 1 hr with shakidgisorbed protein was washed away with 1
L of coupling buffer followed by 1 L of 0.1 acetabaiffer, pH 4.0 containing 0.5 M NacCl
followed by 1 L coupling buffer. Thereafter thel geas stored in coupling buffer containing

0.02% (w/v) sodium azide.

3.2.9.5 Isolation of Specific IgG on the Mukwa Ldmn-Sepharose-4B
Column

Specific anti-mukwa seed lectin IgG can be isolafeom total IgG by affinity
chromatography on a mukwa seed lectin-SepharoseelBmn. However, as mannose
moieties are found on IgG molecules, the saccharidst be added to both the sample and

running buffer to inhibit the recognition of theegjific IgG by their mannose moieties.
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Ten millilitres of the total IgG fraction contaimg 0.2 Ma-D-mannose (36 g/L) was
applied onto the mukwa seed lectin-Sepharose-4imol(1.5 x 6 cm) equilibrated with PBS,
pH 7.3 containing 0.2 M mannose. The unbound protes washed with a large volume of
PBS, pH 7.3 containing 0.2 M mannose until the gieace at 280 nm approached the set base
line. The bound fraction was eluted with 0.1 Mati¢ acid buffer, pH 3.0. The peak (eluted
protein) was immediately dialyzed overnight at 48@ainst 2 x 2 L of PBS, pH 7.3. The
column was regenerated by washing with PBS, pHc@r8aining 0.02% NaNand stored at

room temperature in the same solution.

3.2.9.6 Immobilization of Specific IgG Directed Aginst the Mukwa Seed
Lectin onto Sepharose-4B

The specific 1gG directed against the mukwa sesadin was concentrated using a
Millipore Ultrafree-15 Centrifugal Filter device df0 000 MW limit (Sigma, UK) to give a
volume of about 20 ml (approximately 1 mg/ml) ahdrt dialyzed overnight against 3 x 2 L of
0.1 M NaHCQ buffer, pH 8.2 containing 0.5 M NaCl. The IgG wesupled to CNBr-

activated Sepharose-4B beads as has already bseibdd in Section 3.2.9.4.

3.2.9.7 Isolation of the Mukwa Seed Recombinant kcéns on the Anti-
Mukwa Seed Lectin IgG-Sepharose-4B Column

Ten times 50 ml cultures &. coli cells harbouring plasmids with the cDNA encoding
each recombinant lectin were separately grown addded with 20% L-arabinose as has
already been described for the wild type lectire(Section 3.2.6.4). After sonication, the
crude extract was applied onto the column (1.5 X @m) equilibrated with saline azide
supplemented with 5 mM &aand 5 mM MA" ions. The bound lectins were eluted with 0.1
M acetic acid directly into 3 ml aliquots of PBS; 7.3 up to a maximum volume of 6 ml.
The peak (eluted protein) was dialyzed overnight°&t against 2 x 2 L of PBS, pH 7.3. The

column was regenerated by washing with PBS, pHcé&aining 0.02% (w/v) NajNand
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stored at room temperature in the same solutionteld recoveries were determined using the

BCA assay, and the purification process for eachminant lectin analysed by SDS-PAGE.

3.2.10 Assaying the Mukwa Seed Mutant Lectins fokctivity

The biological activity of the mukwa seed mutamctins was assessed by
haemagglutinating assays. Initially, the 30-60%remmium sulphate fractions of the crude
extract fromE. coli cells expressing the wild type and the mutaninsavere used to assay for
agglutination using untreated human erythrocytes.

Rabbit, sheep, bovine, goat and porcine blood wetkected and the erythrocytes
washed as described in Section 3.2.5.3.1. Eatheopure mutant lectin was concentrated to
approximately 1 mg/ml and haemagglutinating testsi@d out using the different animal
erythrocytes as described in Section 3.2.5.3.2h Bee native mukwa seed lectin and the wild

type recombinant lectin were included as controls.
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4. RESULTS

4.1 Expression of the cDNA Encoding the Mukwa Sedcectin in E. coli

4.1.1 Amplification of the cDNA Encoding the Mature Wild Type Mukwa Seed
Lectin by PCR

Clone Muk151QIlI28, a pUC18 vector carrying the cDMAcoding the wild type
mukwa seed lectin, was used as template DNA to intble DNA region that codes for the
mature mukwa seed lectin. Amplification by PCR wasgied out using each of primers Muk-
23 and Muk-24 with Muk-25 respectively. Both pringairs gave amplification products of
the expected size, approximately 700 bp, for altdmplate dilutions used. No amplification

product was obtained for the negative control whengplate DNA had not beancluded.

1 2
11493 bp-
—
1 700 bp— s
805 bp— pr—
339 bp—

Figure 4.1: PCR analysis of clone Muk151QI128. Resolutiomisa 0.8% (w/v) agarose gel
and shows the PCR amplification products of theungamukwa seed lectin cDNA. Lane 1
shows the Lambd#&stl MM size marker. Lanes 2 and 3 show the ampliftca products
generated using primer pairs Muk-24/Muk-25 and NGkMuk-25 respectively.
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4.1.2 Cloning of the cDNA Encoding the Mature Wild Type Mukwa Seed Lectin
into the Expression Vector pBAIMycHisA

The expression vector, pBADycHisA was digested witiNcol, filled in with T4 DNA
polymerase and then digested with a second rastriendonucleasd;coRl. The amplified
DNA region coding for the mature wild type seedtileavas also digested witBcoRI and
cloned into the digested pBADycHisA.

The number of bacterial colonies obtained for pueatecombinants carrying the insert
generated using PCR primers Muk-23 and Muk-25 vpascaximately a tenth of that obtained
for putative recombinants carrying the insert gatest using PCR primers Muk-24 and Muk-
25. The lower number of colonies showed that thetdrial cells harbouring the former
construct may have failed to grow due to suspéeetibl effects to these cells.

For each construct, all the pools of bacterial o@® screened for possible
recombinants gave amplification products of theeexed size, about 700 bp and the negative
controls gave no amplification product. One poabkwgelected for each construct and plasmid
DNA isolated from individual colonies. Upon digest of the plasmid DNA withEcoRI and
EcoRV, putative recombinants gave the expected twgnfients of approximately 3.3 kb and
1.5 kb (see Figure 4.2). This restriction pattesnfirmed that a DNA fragment approximately
700 bp had been cloned as the empty expressioarwgould only be 4.1 kb in size. Putative
recombinants with inserts generated using the PG@Rep pair Muk-24/Muk-25 were
designated pGV4976 and pGV4977 while those witlerissgenerated using the primer pair

Muk-23/Muk-25 were designated pGV4978 and pGV4¥&pectively.
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11 493 bp-

4 505 bp-
2 840 bp—

805 bp-

339 bp-

Figure 4.2: EcORI-ECORYV restriction pattern of pBABlycHisA putative clones carrying the
mature mukwa seed lectin 700 bp DNA fragment geadray PCR. Resolution is on a 0.8%
(w/v) agarose gel. Lane 1 shows the LamBdh MM size marker. Lanes 2 and 3 show the
respective DNA fragments of the putative clop€\V/4976 and pGV4977 generated by PCR
using primers Muk-24 and Muk-25. Lanes 4 and Sastie respective DNA fragments of the
putative clonepGV4978 and pGV4979 generated by PCR using privkeris-23 and Muk-
25.

4.1.3 Sequencing of the Mature Wild Type Mukwa Seed Leati cDNA Clones

The pBADMycHisA-wild type mukwa seed lectin clones were segeenusing the
pBAD Forward Primer (pBAD1) (Invitrogen CorporatioR000) particularly to check if the
reading frame of the expression vector had beemtaiaed at the point of ligation. The
nucleotide sequence showed that only those claaregicg the PCR fragment generated using
primers Muk-24 and Muk-25, that is, pGV4976 and @Y7 were in frame (see Figure 4.3).
These clones carried the insert in which the cddorthe first amino acid, glutamine, of the

mature lectin had been excluded.
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5'-GGAGGAATTAACCATGGATTCCCTTTCCTTCGGCTTCCC-3’

Figure 4.3: Nucleotide sequence around theol-filled-in recognition site of pBAMycHisA
clonespGV4976 and pGV4977 carrying the insert generataguPCR primers Muk-24 and
Muk-25. The region showing the filled-iicol recognition site is shown in bold.

Clones carrying the DNA fragment generated using P@Gmers Muk-23 and Muk-25,
pGV4978 and pGV4979, had the last nucleotide ofekgression vector missing and were
therefore out of frame (see Figure 4.4). Consetyethese clones were not used for

expression.

5'-GGAGGAATTAACCAT CAAGATTCCCTTTCCTTCGGCTTCCC-3

Figure 4.4: Nucleotide sequence around theol-filled-in recognition site of pBADMycHisA
clones pGV4978 and pGV49¢arrying the insert generated using PCR primers-RRiland
Muk-25. The filled-inNcol recognition site, shown in bold, has a G missing.

The cloned fragments were then sequenced entisaig pBAD1, Muk-6 and Muk-25
and this confirmed that no errors had occurrednduamplification by PCR (see Figure 4.5).

Subsequently, pGV4977 was used for the expressiperinents.



1
Muk151Q | 28

17
Mik151Q | 28

34
Mik151Q1 | 28

51
Mik151Q | 28

67
Mik151Q | 28

84
Mik151Q1 | 28

101
Mik151Q | 28

117
Muk151Q | 28

134
Mik151Q | 28

151
Mik151Q | 28

167
Muk151Q | 28

184
Mik151Q | 28

201
Muk151Q | 28

217
Mik151Q | 28

234
Mik151Q | 28

lMESLSFGFPTFPSDQK
- TTCCCTTTCCTTCGGCTTCCCTACGT TTCCTTCAGACCAGAAAA

NLI FQGDAGO QI KNNAVAO QL
ACCTAATCTTCCAAGGT GATGCACAGAT TAAAAACAACGCAGT CCAGCTT

T K T DSNGNWPVASTV G R I
ACCAAGACAGACAGTAATGGTAACCCAGT GGCAAGCACT GT TGGGCGAAT

L F S AQVHLWEIKSS SRV
CTTATTCTCGGCGCAAGT GCACCT TTGGGAAAAAAGCT CAAGCAGAGT GG

ANF QS QF SFSLJKSPLSN
CAAACTTTCAATCCCAGTTCAGCTTTTCCCT CAAATCACCGCT TTCCAAT

GADGI A FFI A PPDTTI P
GGAGCCGACGECATTGCCTTCTTCATCGCACCGCCCGATACTACCATACC

S 6GS GGGL L GL FAPGTA
GAGCGGT TCGEECCGAGGT CTCCTAGEGCTCTTTGCACCTGGAACTGCTC

QNTSANOQVI AV EFDTFY
AAAACACGT CCECGAACCAAGTGATTGCGGTTGAGT TTGACACCTTCTAT

A QDSNTWDWPNYPHTI G 1 D
GCTCAAGACTCTAACACT TGGGATCCGAATTACCCGCACATTGGAATCGA

vV NSI RSV KTV K WDIRRD
TGTCAACTCCATTAGGT CTGT GAAGACT GTGAAATGCGATAGGAGAGATG

G QSL NVL VTEFNZPSTRNIL
GITCAATCCCTTAATGT CCTCGTAACATTTAACCCTAGCACTCGAAACCTG

DVVATYSDGTIRYEV S YE
GATGTCGT TGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA

v bV RSV L PEWVRV GF S
GGTTGACGT GAGGTCCGTGCTTCCAGAATGCGT TAGAGT TGGATTCTCAG

AA S GE QY QTHTULE S WS F
CTGCCTCAGGAGAGCAATATCAAACGCATACTCTTGAATCATGGTCTTTC

TSTLLYTA
ACCTCAACCTTGTTGTACACTGCTTAG: - = - === === === - e o e o

73

123

173

223

273

323

373

423

473

523

573

623

673

723

750

99

Figure 4.5: Nucleotide and amino acid sequence of the maturdeva seed lectin. The first
and last amino acids, glutamine residues, have legg#aced by methionine and a stop codon
respectively. Codons shown in bold specify fordh@no acid arginine.
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4.1.4 Analysis of Expression of the cDNA Encoding the Wil Type Mukwa Seed
Lectin in E. coli

For expression, the pBABycHisA-wild type mukwa seed lectin clone pGV4977 was
transformed intde. coli TOP10 cells. Sequencing had revealed the pres#rgmven arginine
codons AGA/AGG that are rarely usedgncoli (see Figure 4.5). Consequently, in a separate
expression experiment, the hdst coli TOP10 cells were transformed with both plasmids
pGV4977 andBL21-CodonPlus-RIL, which enhances expression es¢hcodons. Varying
amounts of L-arabinose over a ten thousand-folgegafrom 0.00002% to 0.2% (w/v), were
then used to determine the appropriate amount afrabinose required for maximum
expression of the wild type mukwa seed lectin.

Analysis of expression was carried out using SD&EAand Western blotting. The
SDS-PAGE gave the expected band of approximatel\k2& in size which increased in
intensity with increasing concentration of L-araise as can be seen in Figure 4.6. Figure 4.7
shows that addition of plasmid BL21-CodonPlus-Ridl dot significantly enhance expression
of the mukwa seed lectin. On the contrary, a vprgnouncedE. coli protein band,
approximately 22 kDa can be seen. Subsequenthygnpt BL21-CodonPlus-RIL was not

included in the expression experiments.
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92 kDa-

50 kDa-

30 kDa-
<+— expressed

14.3 kDa-

Figure 4.6: SDS-PAGE analysis of total protein B coli TOP10 cells transformed with
pGV4977, a pBADIycHisA clone carrying the cDNA encoding the maturédviype mukwa
seed lectin. Lane 1 shows the protein MM size @k Lanes 2 and 8 show the total protein
before induction of expression. Lanes 3 to 7 shimsvtotal protein obtained after induction
with ten-fold increment of L-arabinose, from 0.0220to 0.2% (w/v).

92 kDa-
50 kDa-
30 kDa-
20 kDa- expressed
protein
14.3 kDa-

Figure 4.7: SDS-PAGE analysis of total protein i coli TOP10 cells transformed with both
BL21CodonPlus-RIL and pGV4977, a pBMYcHisA clone carrying the cDNA encoding the
mature wild type mukwa seed lectin. Lane 1 shdwestrotein MM size markers. Lanes 2 and
8 show the total protein before induction of expres. Lanes 3 to 7 show the total protein
obtained after induction with ten-fold incrementieérabinose, from 0.00002% to 0.2% (w/v).
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Western blotting showed that the expressed prodas recognized by antiserum
directed against the mukwa seed lectin (see Figu8g As for SDS-PAGE, the expressed
protein band increased in intensity with increasmogcentration of L-arabinose. However,
with increasing concentration of the expressedrigthree distinct protein bands of lower
molecular mass than the lectin were also recognizethe antiserum. These bands probably
correspond to degradation products and possibleeggtion of these products could be
responsible for the smear observed in lanes 6itoR8gure 4.8. Degradation also seemed to

increase with the age of the sample.

1 2 3 4 5
T
92 kDa- z
60 kDa . s
40 kDa.»
20 kDa- S ————— . < oxDressed
17 kDa_. pranay— protein

Figure 4.8: Western blot analysis of total protein k1 coli TOP10 cells transformed with
pGV4977, a pBADIycHisA clone carrying the cDNA encoding the maturédviype mukwa
seed lectin. Immunoprobing was done using rabtiisarum directed against the mukwa seed
lectin followed by protein A-biotin and extravidphosphatase. Lane 1 shows the biotinylated
protein MM size markers. Lanes 2 shows the totatgin from cells transformed with an
empty pBADMycHisA while lane 3 shows the total protein beforduation of expression.
Lanes 4 to 8 show the total protein obtained aftduction with ten-fold increment of L-
arabinose, from 0.00002% to 0.2% (w/v).
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4.1.5 Assaying the Expressed Wild Type Mukwa Seed Lectifor Activity

Cells carrying the expressed protein were re-sudgaiin saline azide supplemented
with 5 mM CaC} and 5 mM MnCJ, 1/25 volume of the original culture. The celspansion
was sonicated, centrifuged and the supernatant tsetést for haemagglutination and
inhibition of agglutination by methydD-mannopyranoside. In all these experiments, the
native lectin, isolated from mukwa seeds was useal@ntrol.

Starting from a 50 ml culture, the expressed pnotggive 32 agglutinating units with
rabbit erythrocytes and did not agglutinate anyth&f untreated human blood groups Al+,
A2+, B+, AB+ and O+. Agglutination of rabbit eryttytes by the expressed lectin was

inhibited by methyla-D-mannopyranoside just like the native lectin.

4.1.6 Purification of the Expressed Wild Type Mukwa Seed_ectin by Affinity
Chromatography

From a 1 x 500 ml culture showing 8 agglutinatingts1 and a 10 x 50 ml culture
showing 16 agglutinating units, about 3.8 mg and Mg of the lectin could be purified by
affinity chromatography on mannose-Sepharose-4Bets/ely. The lectin was eluted with
0.3 M mannose in saline azide. The differencei@hdyis most likely due to better aeration
obtained in small volumes compared to large volumeseparation of the cell extract in the
absence or in the presence of a protease inhitoktail (I MM PMSF + 2uM leupeptin + 2
MM pepstatin A) made no difference in the yield ln¢ expressed lectin. The purified lectin
had a slightly lower molecular mass than the natetin and degradation products observed
in the Western blot in Figure 4.8 can also be sedagure 4.9. Like the native lectin isolated
from mukwa seeds, the purified lectin had a spealfisorbance of Olgy ;1 mg/ml = 1.3 and

showed an absorbance ratio of £/ ODss50nm (8.
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~ 92 kDa

~ 60 kDa
~ 40 kDa

~ 30 kDa
~ 20 kDa

~ 14.3 kDa

Figure 4.9: SDS-PAGE analysis of the purified wild type mukveed lectin expressed B

coli TOP10 cells. Purification, by affinity chromataghy on mannose-Sepharose-4B, was
performed either in the presence (lanes 2-4) tnerabsence (lanes 6-8) of a protease inhibitor
cocktail (1 mM PMSF + 2 uM leupeptin + 2 uM pepistak). Lanes 1, 5 and 10 show the
protein MM size markers. Lanes 2 and 6 show theaekfromE. coli cells expressing the
wild type mukwa seed lectin. Lanes 3 and 7 shawithbound fraction. Lanes 4 and 8 show
the lectin fraction, eluted with 0.3 M mannose atiree azide. Lane 9, the positive control,
shows the native lectin isolated from mukwa seeds.

4.2 Mutagenesis of the Sugar-Binding Specificity Lap of the Mukwa
Seed Lectin

4.2.1 Introduction of Restriction Endonuclease Recognitia Sites into Clone
Muk151QII28 for the Removal of the Mukwa Seed Lect Specificity Loop

Mutagenic primers Muk-17 and Muk-18 were used with unique site elimination
mutagenesis kit (Amersham Biosciences, 2000) todoice theEcoRV andBspEl restriction
endonuclease recognition sites respectively iritoeMuk151QI128.

After the introduction of the€EcoRV recognition site into clone Muk151Ql128, 12
colonies were randomly picked and screened foriplessmutants. When the plasmid DNA
from these colonies was digested wiboR| and EcoRV, four putative mutants designated
Muk151QI1128EcoRV-Mutl through Muk151QII28&coRV-Mut4, were identified. Of these,

Muk151QII128EcoRV-Mutl and Muk151QIlI28coRV-Mut4 were used as template DNA for
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the introduction of theBspEl recognition site. Sixteen bacterial coloniesraveandomly
picked and screened for possible mutants. Digestfdhe corresponding plasmid DNA with
EcoR| and BspEl led to the identification of three putative mtty designated pGV4980,
pGV4981 and pGV4982 respectively. These putativtants gave the expected two bands of
approximately 3 200 bp and 300 bp upon digestiah B$pEl andEcoRI, and only one band
of approximately 3 500 bp upon digestion wihoRV (see Figure 4.10). This restriction
pattern and sequencing confirmed that bothBgeEl and theEcoRV recognition sites had

successfully been introduced into clone Muk151Q(&& Figure 4.11).

11 493 br -

4505 bp-
1700 br-
805 bp-

339 bp-

Figure 4.10: Restriction pattern of putative mutants of clonek¥51QII28 carrying th&spEl
and EcoRV recognition sites. Resolution is on a 0.8% jwdgarose gel. Lane 1 shows the
LambdaPstl MM size marker. Lanes 2, 3 and 4 show the raspe®dNA fragments of
putative mutants pGV4980, pGVv4981 and pGVv4982 dégkwith BspEl andEcoRI. Lanes 5,

6 and 7 show the DNA fragment of the same putatiuéants digested witBcoRV.



I AP P DTT I P

MUK151Q 128  ----mmmm i CATCGCACCGCCGGATACTACCATACC 323
Mik-6 >
101 S GS GGGL L GL FAPGT A
Muk151Q | 28 GAGCGGT TCGEECGGAGGTCTCCTAGGEGCTCTTTGCACCTGGAACTGCTC 373
117 Q NTSANOQVI AV EVFUDTFY
Muk151Q | 28 AAAACACGTCCGCGAACCAAGTGATTGCGGTTGAGTTTGACACCTTCTAT 423
134 A QD SNTWDUWPNYUPUHI GI1 D
Muk151Q | 28 GCTCAAGACTCTAACACTTGGGATCCGAATTACCCGCACATTGGAATCGA 473
151 V NSI RSV KTV K WD RRD
Muk151Q | 28 TGTCAACTCCATTAGGTCTGT GAAGACT GT GAAATGGGATAGGAGAGATG 523
167 G QSL NVLVTFNWPSTRNIL
Muk151Q | 28 GTCAATCCCTTAATGTCCTCGTAACATTTAACCCTAGCACTCGAAACCTG 573
184 DV V ATYSDGTIRYEV S Y E
Muk151Q | 28 GATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA 623
201 VvV bV RSV L PEWVIRV G F S
Muk151Q | 28 GGTTGACGTGAGGTCCGTGCTTCCAGAATGGGTTAGAGT TGGATTCTCCG 673
BspEl
217 G A S GEIRY OQTMHTLE S WS F
Muk151Q | 28 GAGCCTCAGGAGAGCGATATCAAACGCATACTCTTGAATCATGGTICTTTC 723
EcoRV

234 T S T L L Y T A Q K K
Muk151Q | 28 ACCTCAACCTTGT TGTACACTGCTCAGAAGAAG- - - - - === === === = - - 756

<& Muk-12
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Figure 4.11: Nucleotide and amino acid sequence of the mukwd tectin mutant carrying
the BspEl and EcCoRV recognition sites. The region of the specijicibop targeted for
mutagenesis is underlined and mutations are shownold.

4.2.2 Introduction of the UEA Il and ECorL Specificity Lo ops into the Mukwa
Seed Lectin

The mukwa seed lectin specificity loop was removmd digesting pGVv4981, a
Muk151QI128 mutant carrying thEcoRV andBspEI recognition sites with these restriction
endonucleases. Equimolar concentrations of theptmentary primers Muk-19 and Muk-20
were annealed and these specified for the spegifadp of theUlex europaeus Il lectin (UEA
I1).

Similarly, equimolar concentrations of the completaey primers Muk-21 and Muk-
22 were also annealed and these specified for peifgity loop of the Erythrina

corallodendron lectin (ECorL). These annealed oligonucleotidesesmhen ligated with the



107

BspEl-EcoRV-digested Muk151QIlI28 mutant, pGV4981. Howeventroduction of the
ECorL loop into theEcoRV recognition site would give the amino acid regdESP10 as D
instead of the required A (see Figure 3.2).

After transformation, for each reaction, all the pools of bacterial colonies screened
for possible recombinants gave amplification prdaduwdf approximately 400 bp, the expected
size. Both negative controls gave no amplificagpwoducts. For each reaction, cultures of
individual colonies corresponding to the pool thave the most intense band were grown and
plasmid DNA isolated. For the first reaction, digen of plasmid DNA witlBstZI and EcoRI
led to the identification of three putative recomdmts carrying the UEA 1l specificity loop.
These putative mutants, designated pGVv4988, pGV4889pGV4990, although incompletely
digested, gave the two expected band sizes of zippately 3 200 bp and 300 bp. Similarly,
for the second reaction, putative recombinantsysagrthe ECorL specificity loop, with the
amino acid residue ESP10 as D instead of A, als@ ghe same restriction pattern upon
digestion withAgel andEcoRI (see Figure 4.12). These four putative mutamie designated

pGV4991, pGV4992, pGV4993 and pGV4994 respectively.

1 2 3 456 738

11 493 bp-
4 505 bp-

1 700 bp-

805 bp-
339 bp-

Figure 4.12: Restriction pattern of putative mutants of clonek¥#51QI1128 with the respective
UEA 1l specificity loop and the ECorL specificity loophe ECorL specificity loop has amino
acid residue ESP10 as D instead of A. Resolusooni a 0.8% (w/v) agarose gel. Lane 1
shows the Lambdd#stl MM size marker. Lanes 2, 3 and 4 show the respedNA
fragments of putative mutants pGV4988, pGV4989 p@d/4990 digested witlBstZl and
EcoRI. Lanes 5, 6, 7 and 8 show the respective DN@rfrents of putative mutants pGVv4991,
pGV4992, pGV4993 and pGV4994 digested vAdel andEcoRl.
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Sequencing confirmed that the nucleotide sequeraseas desired. It must, however,
be noted that introduction of the UEA Il specificitoop into theEcoRV recognition site
resulted in the phenylalanine residue USP9 beibgtguted for by tyrosine, another aromatic
residue in the UEA Il mutant. Introduction of tE€orL specificity loop into théecoRV

recognition site gave the amino acid residue ES#1D instead of the required A (see Figure

4.13).

Il AP PDTTI P
MIK151Q [ 28  =scmmemme e aaaaa - CATCGCACCGCCGGATACTACCATACC 323

Mik-6 >
101 S GSGGGLLGLTFAPGTA
Mik151Q | 28 GAGCGGT TCGRECEGAGGT CTCCTAGRGCTCTTTGCACCTGGAACTGCTC 373
117 QNTSANOQVI AV ETFTDTTFY
Mik151Q | 28 AAAACACGT CCGOGAACCAAGT GATTGCGGT TGAGT TTGACACCTTCTAT 423
134 A QDSNTWDZPNYU PHI GI1 D
Mik151Q | 28 GCTCAAGACT CTAACACT TGGGATCOGAATTACCCGCACATTGGAATCGA 473
151 VNSI RSV KTVIKMWDTZ RTR RTD
Mik151Q | 28 TGTCAACTCCATTAGGT CTGT GAAGACT GTGAAATGEGATAGGAGAGATG 523
167 G QSLNVLVTTFEFNPSTR RNIL
Mik151Q | 28 GTCAATCCCTTAATGTCCTCGTAACATTTAACCCTAGCACTCGAAACCTG 573
184 DVVATYSDGTU RYEVSYE
Mik151Q | 28 GATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA 623
201 VDVRSVLPEMWVRVGTFE S
Mik151Q | 28 GGTTGACGT GAGGT CCGT GCTTCCAGAAT GEGT TAGAGT TGGATTCTCCG 673
217 GATGAQRDADO QTMHTTL E S
Mik151Q | 28 GAGCGACCGGT GCGCAGCGT GATGCGGAT CAAACGCATACTCTTGAATCA 723
Agel

234 WS F T STULLYTATG QKK
Mik151Q | 28 TGGTCTTTCACCTCAACCTTGT TGTACACTGCTCAGAAGAAG: - - - - - - - 765

< Mik-12

Figure 4.13: Nucleotide and amino acid sequence of the mukwd tectin mutant carrying
the ECorL specificity loop with amino acid resida8P10 as D instead of the required A. The
ECorL specificity loop amino acid residues are shanwbold and ESP10 is bordered.

4.2.3 Replacement of Amino Acid Residue D with A (ESP10h Mutants
Carrying the ECorL Specificity Loop

Ligation of the annealed primers Muk-21 and Muk-B2 the BspEl-EcoRV-

Muk151QII28 mutants gave mutants with the nucleotgkquence coding for the amino
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residue ESP10 as D instead of A. This D residuenutants pGV4991 and pGV4993 was
replaced with the appropriate A residue using nmernagprimer Muk-35 and the unique site
elimination mutagenesis kit.

Using primers Muk-6 and pUC RP, an amplificatioroquct of about 650 bp, the
expected size, was obtained for all the 20 poolsasterial colonies screened as well as for the
controls in which pGV4991 and pGV4993 had been wsetemplate DNA. Digestion of the
amplification products withApaLl showed that putative mutants were present in ddisp
Cultures of individual colonies from two selectedofs were grown and plasmid DNA
isolated. Digestion of the plasmid DNA witkpaLl led to the identification of six putative
mutants (see Figure 4.14). These putative mu@ate a unique band of approximately 900
bp that was absent in the control pGV4991. Twdhef putative mutants were designated
pGV5014 and pGV5015 and their respective restrcgiattern can be seen in lanes 3 and 8 of

Figure 4.14.

1 2345678

11493bp. W
4505bp. -
1 700 bp- = - - -
805 bp—» - sl T Sog
339 bp_

Figure 4.14: Apal 1-restriction pattern of putative mutants of cldviak151QII28 carrying the
ECorL specificity loop. Resolution is on a 0.8%/\(wagarose gel. Lane 1 shows the Lambda
Pstl MM size marker. Lane 2 shows the DNA fragmentp@V4991, a mutant with the
ECorL specificity loop with the amino acid resida8P10 as D instead of A. Lanes 3, 4, 5, 6,
7 and 8 show the respective DNA fragments of thatpue mutants.
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4.2.4 Substitution of Glutamic Acid (E*) and Glutamine (Q°*) Residues in the
Mukwa Seed Lectin Specificity Loop by One or by Tw Glycine Residues

The unique site elimination mutagenesis kit wasdusesubstitute the &' and G*
residues in the specificity loop of the mukwa sdectin with one or two G residues.
Mutagenic primer Muk-30 was used to delete one amarid and substitute the other by a G
residue whereas mutagenic primer Muk-33 was usesllstitute both amino acids with G
residues. In both mutagenesis reactior’s! ®as replaced with a tyrosine residue using
mutagenic primer Muk-34 and the unique site elimiaramutagenesis Kkit.

After the mutagenesis, twenty colonies from eaetttien were randomly screened for
possible mutants. Clone Muk151QII28 was includedaacontrol. Upon digestion of the
plasmid DNA withEcoRI and EcoRV, putative mutants in which the’® and G* residues
had been substituted for by one G or two G residjs® the two expected band sizes of
approximately 3 200 bp and 300 bp (see Figure 4.T®)o mutants, designated pGV5005 and
pGV5006, were identified for the¥_ Y + E?’Q**’_, single G substitution and their
respective restriction pattern in lanes 2 and Biglire 4.15 shows incomplete digestion. For
the S¥_ Y + E?*Q°**., double G substitution, three mutants, designat&d/5008,
pGV5009 and pGV5010 were identified. The deletddrone amino acid and substitution of
the other by a G residue, and the substitution ath bamino acids by two G residues
respectively, were confirmed by sequencing. Digesbf these putative mutants wikspl
showed that 87, had successfully been substituted for by tyrogsme Figure 4.16), and this

was confirmed by sequencing.
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1 2 34

11 493 bp—
4 505 bp-»

1 700 bp-

805 bp-

339 bp-

Figure 4.15: EcoRI-EcoRV-restriction pattern of putative mutants of cloneik151QI1128
carrying the &'_ Y + E??'Q?2_. single G substitution in the specificity loop. sR&ution is
on a 0.8% (w/v) agarose gel. Lane 1 shows the darRstl MM size marker. Lanes 2 and 3
show the respective DNA fragments of putative mistggGV5005 and pGV5006. Lane 4
shows clone Muk151QII28 DNA fragments.

1 2 3 45

11 493 bp-
4 505 bp-

1 700 bp-

805 bp-

339 bp-

Figure 4.16: Fspl-restriction pattern of putative mutants of cldviek151QII28 carrying the
SB7., Y + BFP?Q°%_ double G substitution in the specificity loop. sRkition is on a 0.8%
(w/v) agarose gel. Lane 1 shows the Lambddh MM size marker. Lane 2 shows clone
Muk151QI1128 DNA fragments. Lanes 3, 4 and 5 shbes tespective DNA fragments of the
putative mutants pGV5008, pGV5009 and pGV5010.
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4.3 Cloning of the Mukwa Seed Lectin Mutants into the Epression
Vector pBADMycHisA

Restriction endonucleas&dal and Avrll have unique recognition sites in the DNA
coding for the mukwa seed lectin which are absenboth pUC18 and pBAMlycHiSA
vectors. The DNA region carrying the mutations w&awplified by PCR using primers Muk-6
and Muk-25. Four clones pGV4990, pGV5014, pGV5@d8 pGV5008 were used as the
respective template DNA for the UEA I specificigop, ECorL specificity loop, §'— Y +
E*?'Q*?_, single G substitution and"8- Y + E**!Q*?_, double G substitution mutants. All
the four representative mutants gave amplificapimducts of about 450 bp, the expected size.

The amplification products and clone pGV4977 (tkpression vector pBABIycHisA
carrying the DNA coding for the wild type lectinyere digested with different combinations
of Clal, Avrll and EcoRI. For pGV4990, a UEA II specificity loop mutaamnd pGVv5014, an
ECorL specificity loop mutant, the amplificationogpiucts and pGV4977 were digested with
Clal and EcoRI. For pGV5005, an'8’_ Y + E?*’Q**’_, single G substitution mutant and
pGV5008, an §'_. Y + E?*’Q**’_, double G substitution mutant, the amplificatioogucts
and were digested with the three enzyme p@&ia-Avrll, Avrll-EcoRI and Clal-EcoRlI.
Clone pGV4977 was correspondingly digested with réspective enzyme pairs. Tkial-
Avrll digestion allowed for the'8’— Y change only. Théwrll-EcoRI digestion allowed for
both the $'_. Y + E®?!Q**?_, single G or double G substitutions. T@kal-EcoR| digestion
allowed for the B”'Q?*2_, single G or double G substitutions only (see AplperT).

Upon ligation, some of the pGV4977 wild type DNA sveeplaced with the mutant
DNA. For each transformation reaction, all the gools screened for possible recombinants
using primers pBAD1 and Muk-25 gave amplificatiaogucts of about 750 bp, the expected
size. Amplification by PCR using pGV4977 as tenglBNA also gave a fragment of the
same size. Upon digestion of the amplificationdoicis with the restriction endonuclease
specific for each respective mutant, the restmcpattern showed that mutants were present in

all the pools screened.
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Individual colonies from selected pools were cwturand plasmid DNA isolated.
Digestion of the corresponding plasmid DNA with testriction endonuclease specific for
respective mutants led to the identification ofghwe mutants. The pBARycHisSA clone
carrying the wild type mukwa seed lectin, pGV497aswsed as a control in all cases.

Putative mutants carrying the UEA Il specificityofp were linearized when digested
with BstZI as is shown in Figure 4.17. This one band vgaex@ected as the pBAD/cHisA-
wild type mukwa seed lectin clone pGV4977 doeshase a recognition site f@stZI. Two
of the putative mutants were designated pGV5031p&d5032 and their restriction pattern is

shown in lanes 3 and 5 of Figure 4.17.

1 2 3456

11493 bp-
- isaan ~ P
4505bp, | e ;m
1 700 bp- !
805 bp-
339 bp-

Figure 4.17:BstZ1-restriction pattern of pBAMycHisA-mukwa seed lectin putative mutants
carrying the UEA Il specificity loop. Resolutiosn on a 0.8% (w/v) agarose gel. Lane 1 shows
the LambdaPstl MM size marker. Lane 2 shows the DNA fragmentspGVv4977, the
pBADMycHisA clone carrying the cDNA encoding the maturdédwype mukwa seed lectin.
Lanes 3, 4, 5 and 6 show the respective DNA fragroktine putative mutants.

Digestion of putative mutants carrying the ECorledfcity loop with ApaLl gave a
unique band of approximately 800 bp that was absettie control (see Figure 4.18). The
respective restriction patterns of three of theapue mutants designated pGVv5022, pGVv5023
and pGV5024 is shown in lanes 3, 5 and 6 of Figuds. The restriction pattern of the

putative mutant shown in lane 4 of Figure 4.18 was as expected and hence it was not

selected for sequencing.
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11 493 bp- il
4 505 bp- -

1 700 bp- '-w-u'—-’""-
— T —  ——

805 bp- — — P~

e —
P ]

339 bp-

Figure 4.18: ApaL 1-restriction pattern of pBABlycHisA-mukwa seed lectin putative mutants
carrying the ECorL specificity loop. Resolutionois a 0.8% (w/v) agarose gel. Lane 1 shows
the LambdaPstl MM size marker. Lane 2 shows the DNA fragmentsp&V4977, the
pBADMycHisA clone carrying the cDNA encoding the maturdédwype mukwa seed lectin.
Lanes 3, 4, 5 and 6 show the respective DNA fragsneiithe putative mutants.

Upon digestion withEcoRV and Fspl, putative mutants carrying both thé*Sto Y
change and the’£Q?*’ to G or to GG substitution in the specificity logave two DNA
fragments of the expected sizes (see Figures ©dA#0). Putative mutants carrying the
SB7., Y + B??1Q*2., single G substitution were designated pGV5018 g@¥5019 while
those carrying th&™'— Y + E*?/Q*?_, double G substitution were designated pGV5025,
pGV5026, pGV5027 and pGV5028 respectively. Thoséants that carried only thé“*$to Y
change gave two fragments when digested @4 but only one fragment when digested with
EcoRV. These putative mutants were designated pGV20tbpGV5017 respectively. On
the other hand, mutants carrying only tHé'&*?to G or to GG substitution in the specificity
loop gave one fragment when digested wi#dpl and two fragments when digested with
EcoRV. Putative mutants carrying tf&>'Q*?_. single G substitution only were designated
pGV5020 and pGV5021 while those carrying Bfé'Q?*’_. double G substitution only were

designated pGV5029 and pGV5030 respectively. HBsriction pattern of these additional

mutants carrying a single change is shown in theesiigures (Figures 4.19 and 4.20).
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Figure 4.19: Restriction pattern of pBABlycHisA-mukwa seed lectin putative mutants
carrying the &Y + E??Q?*2_, single G substitution in the specificity loop. SR&ition is

on a 0.8% (w/v) agarose gel. Lanes 1 and 9 sheviidimbdaPstl MM size marker. Lanes 2
and 10 show the DNA fragments of pGV4977, the pBMADHIsA clone carrying the cDNA
encoding the mature wild type mukwa seed lectinands 3, 4, 5, 6, 7 and 8 show the
respective DNA fragments of the putative mutant¥p@EL6, pGV5017, pGV5018, pGV5019,
pGV5020 and pGV5021 digested wifspl. Lanes 11, 12, 13, 14, 15 and 16 show the
respective DNA fragments of the same putative ntatdigested withecoRV.

123 456738 9 10111212315 16

-~
11493 bp- e g"'«-—-—-——-—-
4505hp. SENRL LTI B e~
1 700 bp- - - -
805 bp- -
339 bp-

Figure 4.20: Restriction pattern of pBABlycHisA-mukwa seed lectin putative mutants
carrying the $'_Y and E?'Q*?_. double G substitution in the specificity loop. sRkition

is on a 0.8% (w/v) agarose gel. Lanes 1 and 9 sheieambddstl MM size marker. Lanes
2 and 10 show the DNA fragments of the pBY{ZHisA clone carrying the cDNA encoding
the mature wild type mukwa seed lectin. Lanes,§,4%, 7 and 8 show the respective DNA
fragments of the putative mutants pGV5025, pGV5@#BYy5027, pGV5028, pGV5029 and
pGV5030 digested witlirspl. Lanes 11, 12, 13, 14, 15 and 16 show the réispe®DNA
fragments of the same putative mutants digesteuEetRYV.
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4.4 Sequencing of the Mukwa Seed Lectin Mutants

The pBADMycHisA-mukwa seed lectin mutants were sequencedemégion that had
been amplified by PCR using primers Muk-6 and M&k-2Sequencing confirmed that only
desired mutations had been incorporated into thé Eddgment coding for the mukwa seed
lectin except in pGV5020. The restriction pattefrihis putative mutant shown in lanes 7 and
15 of Figure 4.19 also shows that it is slightlgd®r than expected. Subsequently pGV5031,
pGV5022, pGV5018 and pGV5026 representing the UHAspecificity loop, ECorL
specificity loop, $7— Y + E?’Q?*2_, single G substitution and%- Y + E*?Q?*’_, double
G substitution mutants respectivelyere selected for further analysis (see Figured 4o2
4.24). Additional mutants pGV5016, pGV5021 and pGV5030reepnting the S’ Y
change only, B'Q?*’_, single G change only and®®0??>~. double G change only were
selected as controls.

The sequences in both Figures 4.21 and 4.22 shavitta codon for 8° was changed
from the TCA found in the wild type mukwa seed ile¢b TCC due to the introduction of the
BspEl recognition site. From the sequence of the naukeed lectin mutant carrying the UEA
Il specificity loop shown in Figure 4.21, it can been that the amino acid residue USP9 is
tyrosine instead of the phenyalanine that is founthe specificity loop of the native UEA II.
The sequence of the mukwa seed lectin mutant cagrtyie ECorL specificity loop shown in
Figure 4.22, gives amino acid residues ESP1 to B&RActly as they are in native ECorL.

In Figures 4.23 and 4.24, the codon fdf%As given as GCG instead of the GCT found
in the wild type mukwa seed lectin due to the idtrction of theFspl recognition site. In both
sequences, the codon foPSTCT was successfully changed to the intended TtA&,codon
for tyrosine. The sequence in Figure 4.23 shoveg the amino acid residue®€ was
successfully deleted and the amino acid residtfé spbstituted for by a G amino acid residue.
The sequence in Figure 4.24 shows that G amino @sdlues successfully replaced both

amino acid residues’® and G*



1
Muk151Q | 28

17
Mik151Q | 28

34
Mik151Q1 | 28

51
Mik151Q | 28

67
Mik151Q | 28

84
Mik151Q | 28

101
Mik151Q | 28

117
Muk151Q | 28

134
Mik151Q | 28

151
Mik151Q | 28

167
Muk151Q | 28

184
Mik151Q | 28

201
Muk151Q | 28

217
Muk151Q | 28

234
Mik151Q | 28

lMESLSFGFPTFPSDQK
- TTCCCTTTCCTTCGGCTTCCCTACGT TTCCTTCAGACCAGAAAA

NLI FQGDAGO QI KNNAVO QL
ACCTAATCTTCCAAGGT GATGCACAGAT TAAAAACAACGCAGT CCAGCTT

T K T DSNGNWPVASTV G R I
ACCAAGACAGACAGTAATGGTAACCCAGT GGCAAGCACT GT TGGGCGAAT

L F S AQVHLWEIKSS SRV
CTTATTCTCGGCGCAAGT GCACCT TTGGGAAAAAAGCT CAAGCAGAGT GG

ANF QS QF SFSLJKSPLSN
CAAACTTTCAATCCCAGTTCAGCTTTTCCCT CAAATCACCGCT TTCCAAT

GADGI A FFI A PPDTTI P
GGAGCCGACGECATTGCCTTCTTCATCGCACCGCCCGATACTACCATACC

S 6S GGGL L GL FAPGTA
GAGCGGT TCGEECCGAGGT CTCCTAGEGCTCTTTGCACCTGGAACTGCTC

QNTSANOQVI AV EFDTFY
AAAACACGT CCGCGAACCAAGTGATTGCGGT TGAGT TTGACACCTTCTAT

AQDSNTWDWPNYWPHI1I GI D
GCTCAAGACTCTAACACT TGGGATCCGAATTACCCGCACATTGGAATCGA

vV NSI RSV KTV K WDIRRD
TGTCAACTCCATTAGGT CTGT GAAGACT GTGAAATGGGATAGGAGAGATG

G QSL NVL VTEFNZPSTRNIL
GITCAATCCCTTAATGT CCTCGTAACATTTAACCCTAGCACTCGAAACCTG

DVVATYSDGTIRYEV S YE
GATGTCGT TGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA

v b Vv RSV L PEWVRV GF S
GGTTGACGT GAGGTCCGTGCTTCCAGAATGGGT TAGAGT TGGATTCTCCG

G GV GNAAEWYOQTHTILE S W

GAGGCGT TGGCAACGCGGCCGAATAT CAAACGCATACTCTTGAATCATGG
Bst ZI

S FTSTULULYTA

TCTTTCACCTCAACCTTGTTGTACACTGCTTAG - - === === === == --~-

73

123

173

223

273

323

373

423

473

523

573

623

673

723

756

117

Figure 4.21: Nucleotide and amino acid sequence of the matwkwa seed lectin mutant
carrying the UEA 1l specificity loop. The UEA llpscificity loop amino acid residues are
underlined and shown in bold, and USP9 is border€de first and last amino acids of the
mature mukwa seed lectin, glutamine residues, baen replaced by methionine and a stop
codon respectively.



1
Mik151Q | 28

17
Muk151Q | 28

34
Mik151Q | 28

51
Muk151Q | 28

67
Muk151Q | 28

84
Mik151Q | 28

101
Muk151Q | 28

117
Mik151Q | 28

134
Muk151Q | 28

151
Muk151Q | 28

167
Mik151Q | 28

184
Muk151Q | 28

201
Mik151Q | 28

217
Muk151Q | 28

234
Muk151Q | 28

lMESLSFGFPTFPSDQK
- TTCCCTTTCCTTCGGCTTCCCTACGT TTCCT TCAGACCAGAAAA

NLI FQGDAG QI KNNAVO QL
ACCTAATCTTCCAAGGT GATGCACAGAT TAAAAACAACGCAGT CCAGCTT

T K T DS NGNWPVASTV G R I
ACCAAGACAGACAGT AATGGT AACCCAGT GGCAAGCACT GT TGGGCGAAT

L F S AQVHLWEIKSS S RV
CTTATTCTCGGECGCAAGT GCACCT TTGCGAAAAAAGCT CAAGCAGAGT GG

AANF QS QF S F SL KSPL SN
CAAACTTTCAATCCCAGI TCAGCTTTTCCCTCAAATCACCCCTTTCCAAT

GADGI A FFI A PPDTTI P
GGAGCCGACGCCATTGCCT TCTTCATCGCACCGCCGGATACTACCATACC

S 6GS GG G6GL L GL FAPGT A
GAGCGGT TCGEECEGAGGT CTCCTAGECCTCTTTGCACCTGGAACTCGCTC

Q NT S ANOQQVI AV EFUDTFY
AAAACACGT CCGCGAACCAAGT GATTGCGGT TGAGI TTGACACCTTCTAT

AQDSNTWDWPNYPHI G 1 D
GCTCAAGACTCTAACACT TGGGATCCGAATTACCCGCACATTGGAATCGA

V NS I R SV KTV K WDIRRD
TGTCAACTCCATTAGGT CTGTGAAGACT GTGAAATGGGATAGGAGAGATG

G QSL NVL VTFNWPSTRNIL
GICAATCCCTTAATGTCCTCGTAACATTTAACCCTAGCACTCGAAACCTG

DVVvVATYSDSGTIRYEVSYE
GATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA

v DV RSVL PEWVRYV G F S
GGTTGACGT GAGGT CCGTGCT TCCAGAATGGGT TAGAGT TGGATTCTCCG

GATGAQRDAAQTHTTLE S

GAGCGACCGGTGCACAGCGT GATGCGGECTCAAACGCATACTCTTGAATCA
ApalLl

wWSsS F T S T L L Y T A

TGGTCTTTCACCTCAACCTTGTITGTACACTGCTTAG - - - === === = - - -

73

123

173

223

273

323

373

423

473

523

573

623

673

723

759

118

Figure 4.22: Nucleotide and amino acid sequence of the matwkwa seed lectin mutant
carrying the ECorL specificity loop. The ECorL spity loop amino acid residues are
shown in bold and underlined. The first and lasir®@ acids of the mature mukwa seed lectin,

glutamine residues, have been replaced by metlgand a stop codon respectively.
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Mik151Q | 28

17
Muk151Q | 28

34
Mik151Q1 | 28
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Mik151Q | 28

67
Muk151Q | 28

84
Mik151Q | 28

101
Muk151Q | 28

117
Muk151Q | 28

134
Mik151Q | 28

151
Muk151Q | 28

167
Mik151Q | 28

184
Muk151Q | 28

201
Muk151Q | 28

217
Mik151Q | 28

234
Muk151Q | 28

lMESLSFGFPTFPSDQK
- TTCCCTTTCCTTCGGCTTCCCTACGI TTCCT TCAGACCAGAAAA

NLI FQGDAG QI KNNAVO QL
ACCTAATCTTCCAAGGT GATGCACAGAT TAAAAACAACGCAGT CCAGCTT

T K TDSNGNWPVASTV G R I
ACCAAGACAGACAGTAATGGTAACCCAGT GGCAAGCACT GT TGGGCGAAT

L F S AQVHLWEIKSS S RV
CTTATTCTCGGCGCAAGT GCACCT TTGGGAAAAAAGCT CAAGCAGAGT GG

ANF QS QF SFSLJKSPLSN
CAAACTTTCAATCCCAGTTCAGCTTTTCCCTCAAATCACCGCT TTCCAAT

GADGI AFFI APPDTTI P
GGAGCCGACGCCATTGCCT TCTTCATCGCACCGCCGGATACTACCATACC

S 6GS GG G6GL L GL FAPGT A
GAGCGGT TCGEECEGAGGT CTCCTAGECCTCTTTGCACCTGGAACTCGCTC

Q NT S ANOQQVI AV EFUDTFY
AAAACACGT CCGCGAACCAAGTGATTGCGGT TGAGT TTGACACCTTCTAT

AAQDYNTWDWPNYWPHI G1 D
GCGCAAGACTATAACACT TGGEGATCCGAATTACCCGCACATTGGAATCGA
Fspl

V NSI RSV KTV K WDIRRD
TGTCAACTCCATTAGGT CTGTGAAGACT GT GAAAT GGGATAGGAGAGATG

G QSL NVLVTFNPSTRNL
GICAATCCCTTAATGTCCTCGTAACATTTAACCCTAGCACTCGAAACCTG

DVVvVATYSDSGTIRYEVSYE
GATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA

vV DV RSV L P EWVIRV G F S
GGTTGACGTGAGGTCCGTGCTTCCAGAATGCGT TAGAGT TGGATTCTCAG

AAA S GGY QTMHTULES WS FT
CTGCCTCAGGAGGATATCAAACGCATACTCTTGAATCATGGTCTTTCACC

S TLLYTA
TCAACCTTGTTGTACACTGCTTAG - - - = = == == mme o mmeme oo
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Figure 4.23: Nucleotide and amino acid sequence of the matwkwa seed lectin mutant
carrying the &' Y + E?’Q*2_, single G substitution (shown in bold and undedineThe
first and last amino acids of the mature mukwa deetin, glutamine residues, have been
replaced by methionine and a stop codon respegtivel



1
Muk151Q | 28

17
Mik151Q | 28

34
Mik151Q1 | 28

51
Mik151Q | 28

67
Mik151Q | 28

84
Mik151Q | 28

101
Mik151Q | 28

117
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234
Mik151Q | 28

lMESLSFGFPTFPSDQK
- TTCCCTTTCCTTCGGCTTCCCTACGT TTCCTTCAGACCAGAAAA

NLI FQGDAGO QI KNNAVO QL
ACCTAATCTTCCAAGGT GATGCACAGAT TAAAAACAACGCAGT CCAGCTT

T K T DSNGNWPVASTV G R I
ACCAAGACAGACAGTAATGGTAACCCAGT GGCAAGCACT GT TGGGCGAAT

L F S AQVHLWEIKSS SRV
CTTATTCTCGGCGCAAGT GCACCT TTGGGAAAAAAGCT CAAGCAGAGT GG

ANF QS QF SFSLJKSPLSN
CAAACTTTCAATCCCAGTTCAGCTTTTCCCT CAAATCACCGCT TTCCAAT

GADGI A FFI A PPDTTI P
GGAGCCGACGGECATTGCCTTCTTCATCGCACCGCCCGATACTACCATACC

S 6S GGGL L GL FAPGTA
GAGCGGT TCGEECCGAGGT CTCCTAGEGCTCTTTGCACCTGGAACTGCTC

QNTSANOQVI AV EFDTFY
AAAACACGT CCGCGAACCAAGTGATTGCGGT TGAGT TTGACACCTTCTAT

AAQDYNTWDWPNYWPHI GI D
GCGCAAGACTATAACACT TGGGATCCGAAT TACCCGCACATTGGAATCGA
Fspl

V NSI R SV KTV K WDRR D
TGTCAACTCCATTAGGT CTGT GAAGACT GTGAAATGCGATAGGAGAGATG

G QSL NVL VTEFNZPSTRNIL
GITCAATCCCTTAATGT CCTCGTAACATTTAACCCTAGCACTCGAAACCTG

DVVATYSDGTIRYEV S YE
GATGTCGT TGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA

v b Vv RSV L PEWVRV GF S
GGTTGACGT GAGGTCCGTGCTTCCAGAATGEGT TAGAGT TGGATTCTCAG

AA S GG GY QTMHTULE S WS F
CTGCCTCAGGAGGAGGATATCAAACGCATACTCTTGAATCATGGTCTTTC

TSTLLYTA
ACCTCAACCTTGTTGTACACTGCTTAG: - = = =< = === == === o e o
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Figure 4.24: Nucleotide and amino acid sequence of the matwkwa seed lectin mutant
carrying the &'_ Y + E?*!Q??_, double G substitution (shown in bold and unded)neThe
first and last amino acids of the mature mukwa deetin, glutamine residues, have been
replaced by methionine and a stop codon respegtivel
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4.5 Analysis of Expression of the Mukwa Seed Lectin Maints in E. coli

For expression, the pBAycHisA-mukwa seed lectin mutants pGV5031, pGV5022,
pGV5018 and pGV5026 representing the UEA 1l speityfiloop, ECorL specificity loop,
SB7L Y + BPPQ%%2., single G substitution and"8- Y + E*?'Q%2_, double G substitution
respectively were separately transformed iBtacoli TOP10 cells. Varying amounts of L-
arabinose from 0.00002% to 0.2% (w/v) were therdusedetermine the appropriate amount
of arabinose required for maximum expression oinla&wa seed lectin mutants.

Analysis of expression was carried out using SD&EA The SDS-PAGE gave the
expected band of approximately 25 kDa in size fiatha four mutants. This band increased in
intensity with increasing concentration of L-araiBe as can be seen in each of Figures 4.25,
4.26, 4.27 and 4.28. Figure 4.25 shows that thé WEspecificity loop mutant gave the
weakest band suggesting that expression of thiamhigtwve the least protein. The intensity of
the band pattern corresponding to the expressediprim Figure 4.26 shows that the ECorL

specificity loop mutant is expressed in the higlgsintities.

92 kDa-

60 kDa-
40 kDa—
30 kDa-
20 kDa—
14.3 kDa-

- <— expressed
protein

Figure 4.25: SDS-PAGE analysis of total protein i coli TOP10 cells transformed with
pGV5031, a pPBAMycHisA clone carrying the cDNA encoding the mukwadskstin mutant
with the UEA 1l specificity loop. Lane 1 shows theotein MM size markers. Lanes 2 and 8
show the total protein before induction of expressi Lanes 3 to 7 show the total protein
obtained after induction with ten-fold incrementieérabinose, from 0.00002% to 0.2% (w/v).
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92 kDa-
60 kDa-
40 kDa-
30 kba-

20 kDa-
14.3 kDa-

<«— expressed
protein

Figure 4.26: SDS-PAGE analysis of total protein & coli TOP10 cells transformed with
pGV5022, a pBAMycHisA clone carrying the cDNA encoding the mukwadsketin mutant
with the ECorL specificity loop. Lane 1 shows tvetein MM size markers. Lanes 2 and 8
show the total protein before induction of expressi Lanes 3 to 7 show the total protein
obtained after induction with ten-fold incrementi.eérabinose, from 0.00002% to 0.2% (w/v).

Comparison of Figures 4.27 and 4.28 shows thastfe. Y + E??Q°*’_ double G

mutant was expressed in higher quantities thas'tfle. Y + E°'Q%?_, single G mutant.

92 kDa-
60 kDa-
40 kDa-

30 kDa- . : |
20 kDa- - <«— expresse

protein
14.3 kDa-

Figure 4.27: SDS-PAGE analysis of total protein & coli TOP10 cells transformed with
pGV5018, a pBADIycHisA clone carrying the cDNA encoding the mukwadsksetin mutant
with the S*' Y + E®?!Q**?_, single G substitution in the specificity loop. neal shows the
protein MM size markers. Lanes 2 and 8 show tted fwotein before induction of expression.
Lanes 3 to 7 show the total protein obtained aftduction with ten-fold increment of L-
arabinose, from 0.00002% to 0.2% (w/v).
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92 kDa-

60 kDa-
40 kDa-
30 kDa-
20 kDa-
14.3 kDa-

expressed
protein

Figure 4.28: SDS-PAGE analysis of total protein i coli TOP10 cells transformed with
pGV5026, a pBADIycHisA clone carrying the cDNA encoding the mukwadsksetin mutant
with the S*_, Y + E*/Q?*2_, double G substitution in the specificity loop. neal shows the
protein MM size marker. Lanes 2 and 8 show thal fatotein before induction of expression.
Lanes 3 to 7 show the total protein obtained aftédition of ten-fold increment of L-
arabinose, from 0.00002% to 0.2% (w/v).

The control mutants, pGV5016, pGV5021 and pGV508presenting the &Y
change only, B'Q°*2_. single G change only and?®Q%?_. double G change only

respectively, also gave the same band pattern eppression irkE. coli TOP10 cells (data not

shown).

4.6 Characterization of the Mukwa Seed Mutant Lects

4.6.1 Cross-Reactivity of the Mukwa Seed Recombinahectins with
Antiserum Directed Against the Native Mukwa Seed kctin

The pBADMycHisA-mukwa seed lectin recombinants pGV4977, pG\M5@85V5022,
pGV5018 and pGV5026 representing the wild type, tHeA Il specificity loop, ECorL
specificity loop, $'— Y + E*?/Q?*2_, single G substitution and8- Y + E?*'Q?*2_, double
G substitution respectively were separately tramséal intoE. coli TOP10 cells. The crude

extract fromk. coli cells expressing each of the mukwa seed recomblieetims was subjected
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to 0-30%, 30-60% and 60-90% ammonium sulphate piteation, and the different fractions
used in agarose gel immunodiffusion tests. Radoftiserum directed against the mukwa seed
lectin was used as the source of specific antilsodirre-immune serum and the native mukwa
seed lectin were included as negative and pogitiwérols respectively.

For all the recombinant lectins except the UEAsjlecificity loop mutant, strong
precipitin lines formed with the 30-60% fractionsile faint ones could be observed with the
60-90% fractions (see Figure 4.29). The recombliteatins therefore precipitate mainly in
the 30-60% ammonium sulphate range, just like Hieva seed lectin.

The immunodiffusion tests showed that there isasxreaction between the mukwa
seed recombinant lectins and antibodies directathagthe native lectin isolated from mukwa
seeds. The UEA Il specificity loop mutant was, keer, probably expressed in too low a
guantity to be detected by immunodiffusion testéie recombinant lectins could therefore be

purified by affinity chromatography on an antibaghfumn.
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D

Figure 4.29: Immunodiffusion assays of the ammonium sulphate) (#&tions of the crude
extract fromE. coli TOP10 cells expressing the mukwa seed recombieatihs with rabbit
anti-native mukwa seed lectin serum. The centodd In A, B and C contained antiserum
directed against the mukwa seed lectin while it €ntained pre-immune serum.

Rosette 2
1 3
6 O 4
5

In A, holes 1-3 contained the wild type AS fracBdn30%, 30-60% and 60-90% respectively.
Corresponding AS fractions of other recombinantihscwere placed as follows: the UEA I
specificity loop mutant in A, holes 4-6, the ECathecificity loop mutant in B, holes 1-3, the
S¥. Y + BPPQ*?. single G substitution mutant in B, holes 4-6 ahd 8% . Y +
E??'Q?*2_, double G substitution mutant in C, holes 1-3 andj holes 1-3. Holes 4-6 in C
and in D contained the purified native mukwa se&timh at concentrations 1 mg/ml, 0.2 mg/ml
and 0.04 mg/ml respectively.
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4.6.2 Preparation of Glycoproteins of High Variability

Diethylaminoethyl-cellulose was used to separatter@nt fractions of glycoproteins
from porcine and bovine plasma. Porcine plasma gaslightly different elution profile from
bovine plasma. For both porcine and bovine plagheunbound fraction, designated Peak 1
was eluted with the void volume while the BSA frant designated Peak 2, was eluted with
25 mM Na-acetate buffer, pH 4.4. For porcine plasmsmall peak, designated Peak 3 was
obtained just before adding the end buffer, NaaeetpH 4.0. Elution with the end buffer

gave a fraction which was designated Peak 4 fdr potcine and bovine plasma.

4.6.3 Recognition of Glycoproteins by the Mukwa Seed Recoabinant Lectins

Different glycoproteins were blotted onto nitrda&se, incubated with the ammonium
sulphate fractions containing the recombinant tegtiand immunoprobed with antiserum
directed against the native mukwa seed lectin. s Hssay was carried out to assess if the
mukwa seed mutant lectins were capable of bindmyggdycoproteins.

All the recombinant lectins were capable of bindoiycoproteins as can be seen in
Figures 4.30 to 4.34. The different band patterinserved in these figures suggest that the
recombinant lectins recognize different sugar niesebn glycoproteins. Bands of the highest
intensity can be seen in Panel A of Figure 4.3@atthg that the wild type mukwa seed lectin
has the highest affinity for the glycoproteins tadre assayed. As this wild type lectin is
mannose/glucose specific, the bands observed doldherocessed in the presence of methyl-
o-D-mannopyranoside (see Figure 4.30 Panel B) haugheer affinity for the protein than for
the sugar mannose. Panel C of Figure 4.30 and$PBn&f Figures 4.31 to 4.34 show a non-
specifically stained band, which was persistentnewshen the sugar moieties had been
destroyed by pre-treatment with NalOlt follows that this band, which is observedaihthe
other panels (shown by the arrov)a result of protein-protein (lectin-protein)erdction and

not protein-glycan (lectin-sugar) interaction.
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Figure 4.30: Western blot analysis of the recognition of glyampins by the 30-60% ammonium
sulphate fraction of the crude extract fré&ncoli TOP 10 cells expressing the wild type mukwa seed
lectin. Lane 1 shows hen egg white proteins, |g&hésshow the bands from the respective porcine
plasma IgG fraction, peak 1, peak 2, peak 3 and ped_anes 7-10 show the bands from the respective
bovine plasma IgG fraction, peak 1, peak 2 and pekakAfter incubation with the lectin sample,
immunoprobing was done using rabbit antiserum tBecagainst the native mukwa seed lectin
followed by anti-rabbit IgG phosphatase. Panehdves the blot processed normally. Panel B shows
the blot processed in the presence of 100 mM metHytmannopyranoside. Panel C shows the blot
treated with Nal@prior to incubation with the lectin sample and iomoprobing.
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Figure 4.31: Western blot analysis of the recognition of glyaipins by the 30-60%
ammonium sulphate fraction of the crude extraamnfia coli TOP 10 cells expressing the
mukwa seed lectin mutant carrying the UBAspecificity loop. Lane 1 shows hen egg
white proteins, lanes 2-6 show the bands from éspective porcine plasma IgG fraction,
peak 1, peak 2, peak 3 and peak 4. Lanes 7-10 #tebands from the respective bovine
plasma IgG fraction, peak 1, peak 2 and peak 4erAfcubation with the lectin sample,
immunoprobing was done using rabbit antiserum thek@gainst the native mukwa seed
lectin followed by anti-rabbit 1IgG phosphatase. n&aA shows the blot processed
normally while Panel B shows the blot treated witalO, prior to incubation with the
lectin sample and immunoprobing.

From Panel A of Figure 4.31, bands of high intgns&n be observed mainly in
lanes 2, 5 and 7 corresponding to the porcine @dgi® and peak 3, and bovine plasma
IgG respectively. The mukwa seed lectin mutantyoag the UEAII specificity loop

therefore binds strongly to the sugar moietiedefdlycoproteins found in these fractions.
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Figure 4.32 Western blot analysis of the recognition of giyaaeins by the 30-60%
ammonium sulphate fraction of the crude extraamnfie coli TOP 10 cells expressing the
mukwa seed lectin mutant carrying the ECorL speityfiloop. Lane 1 shows hen egg
white proteins, lanes 2-6 show the bands from éspective porcine plasma IgG fraction,
peak 1, peak 2, peak 3 and peak 4. Lanes 7-10 #tebands from the respective bovine
plasma IgG fraction, peak 1, peak 2 and peak 4erAfcubation with the lectin sample,
immunoprobing was done using rabbit antiserum thek@against the native mukwa seed
lectin followed by anti-rabbit 1IgG phosphatase. n®aA shows the blot processed
normally while Panel B shows the blot treated witalO, prior to incubation with the
lectin sample and immunoprobing.

Of the four mutants, the mukwa seed lectin mutantyang the ECorL specificity
loop gave bands of the lowest intensity as can den dn Panel A of Figure 4.32,

suggesting that this mutant has the lowest affifuitythe glycoproteins that were assayed.
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Figure 4.33 Western blot analysis of the recognition of giyaaeins by the 30-60%
ammonium sulphate fraction of the crude extraamnfia coli TOP 10 cells expressing the
mukwa seed lectin mutant carrying the’S>Y + E**’Q*?* single G substitution. Lane 1
shows hen egg white proteins, lanes 2-6 show tmelddrom the respective porcine
plasma IgG fraction, peak 1, peak 2, peak 3 an& gedanes 7-10 show the bands from
the respective bovine IgG fraction, peak 1, pean@ peak 4. After incubation with the
lectin sample, immunoprobing was done using radbfiiserum directed against the native
mukwa seed lectin followed by anti-rabbit IgG pHostase. Panel A shows the blot
processed normally while Panel B shows the blattéd with NalQ prior to incubation
with the lectin sample and immunoprobing.

Comparison of Figures 4.33 and 4.34 Panel A, shtha$ bands of a higher
intensity were obtained with the mukwa seed lentitant carrying 8'—Y + E?'Q?%
—double G substitution than those of thE€’SY + E*?Q*** single G substitution

mutant. The band pattern shown in these figuiss @bpears to be slightly different.
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Figure 4.34 Western blot analysis of the recognition of giyaaeins by the 30-60%
ammonium sulphate fraction of the crude extraainfie coli TOP 10 cells expressing the
mukwa seed lectin mutant carrying thE’S>Y + E*?/Q°*> double G substitution. Lane
1 shows hen egg white proteins, lanes 2-6 showb#mels from the respective porcine
plasma IgG fraction, peak 1, peak 2, peak 3 an# gedanes 7-10 show the bands from
the respective bovine IgG fraction, peak 1, pean@ peak 4. After incubation with the
lectin sample, immunoprobing was done using rafhiiserum directed against the native
mukwa seed lectin followed by anti-rabbit IgG phosiase. Panel A shows the blot
processed normally while Panel B shows the blattéed with NalQ prior to incubation
with the lectin sample and immunoprobing.
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4.6.4 Preparation of Antiserum Directed Against theNative Mukwa Seed
Lectin

Purification of the native mukwa lectin from a 80% ammonium sulphate
precipitation fraction of the seed extract on SeljgivaG-75 gave the expected elution
profile (Manyumwa, 1998). The SDS-PAGE analysid agglutination tests confirmed
that the lectin was present in the fourth retanokeak.

Eight weeks after immunization, agarose gel imnaiffiesion tests showed the
presence of specific antibodies. Precipitin linbserved between the native mukwa seed

lectin and the antiserum of each of the 3 rabbésvabsent with the pre-immune sera.

4.6.5 lIsolation of Specific Anti-Mukwa Seed Lectin 1gG

Initially, caprylic acid fractionation was used igwlate total IgG from the bulk of
serum proteins. Further purification of the cajgrydcid fraction was achieved by ion-
exchange chromatography at pH 6.2 on DEAE-celluloBee positively charged IgG was
eluted with the void volume and designated PeakHhlle the bound contaminants, eluted
with the running buffer containing 2 M NaCl weresdgmated Peak 2.

Specific IgG was then isolated from Peak 1 byn#ffi chromatography on a
mukwa seed lectin-Sepharose-4B column. About 28omtie lectin were successfully
coupled to 3 g of CNBr-activated Sepharose-4B. 3Jpecific IgG constituted only about

5% of the total protein in Peak 1.



13¢

4.6.6 Purification of the Mukwa Seed Recombinant Lectin®n a Specific Anti-
Mukwa Seed Lectin IgG-Sepharose-4B Column

Approximately 15 mg of specific IgG directed agdithe native mukwa seed lectin
were successfully coupled onto 4 g of CNBr-actidaSepharose-4B. Purification of the
recombinant lectins from a cru@e coli extract by affinity chromatography on this column
gave different yields. From a 10 x 50 ml cultutlee wild type lectin gave the highest
yield of about 1.8 mg followed by the ECorL spegtff loop mutant with a yield of about
1.6 mg. Both the §'>Y + E*?'Q??? Ssingle G substitution and the*6-Y + E?2Q?%
—double G substitution mutants gave a yield of abbuhg protein respectively. The
UEA Il specificity loop mutant gave hardly deted&abields.

Figures 4.35 and 4.36 show the analysis, by SDGH,Af the purification process

of the recombinant lectins.
2 3 4 5 6 7 8
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Figure 4.35: SDS-PAGE analysis of the purified wild type (lar®$) and the ECorL
specificity loop (lanes 6-8) mukwa seed recombirlaatins expressed i&. coli TOP10
cells. Purification was by affinity chromatograpbg a specific anti-mukwa seed lectin
IgG-Sepharose-4B column. Lane 1 shows the prdwih size markers. Lane 2, the
positive control, shows the native lectin isolatemm mukwa seeds. Lanes 3 and 6 show
the crude extract frork. coli TOP10 cells expressing the recombinant lectinanes 4

and 7 show the unbound fractions. Lanes 5 and® she lectin fraction eluted with 0.1
M acetic acid.
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The expressed lectin band, approximately 25 kDaize, can be seen in every
sample that was loaded. The fact that this bamd i observed even in the lanes
corresponding to the unbound fractions indicates the column was over-loaded. Given
that the same control sample was loaded in lareds@th Figures 4.35 and 4.36, it can be
concluded that the dark staining seen at the top giahe gel shown in Figure 4.36 is

probably aggregated material and is non-specificaaromalous.
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Figure 4.38 SDS-PAGE analysis of the purified*$->Y + E?*’Q**?2 —single G
substitution (lanes 3-5) and thé®*$->Y + E??!Q**? —double G substitution (lanes 6-8)
mukwa seed mutant lectins expresseé#.igoli TOP10 cells. Purification was by affinity
chromatography on a specific anti-mukwa seed ldgi@Sepharose-4B column. Lane 1
shows the protein MM size markers. Lane 2, thatipescontrol, shows the native lectin
isolated from mukwa seeds. Lanes 3 and 6 shoveride extract fronk. coli TOP10
cells expressing the mutant lectins. Lanes 4 asHofv the unbound fractions. Lanes 5
and 8 show the lectin fraction eluted with 0.1 Mtacacid.
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4.6.7 Agglutinating Assays of the Mukwa Seed Mutantectins

All the three purified mutant lectins, namely tB€orL specificity loop, the
SB¥LY + E2Q°% Ssingle G substitution and the®$-Y + E**'Q?*2 —double G
substitution mutants did not agglutinate any of thigerent animal erythrocytes tested.
The native mukwa seed lectin and the wild type mdmoant lectins, included as controls,
agglutinated rabbit and sheep erythrocytes butowt goat or pig red blood cells.

The 30-60% ammonium sulphate fractions of the crexteact fromE. coli cells
expressing the wild type and the mutant lectins ridtl agglutinate any of the untreated

human erythrocytes of the blood groups Al+, A2+, BB+ and O+.
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5. DISCUSSION

5.1 Expression of the cDNA Encoding the Mukwa Seed Lectin E.
coli

Mukwa seeds contain large amounts of the lectim $hat a yield of 4 mg per g of
defatted seed meal can be obtained by affinityroatography on mannose-Sepharose-4B.
Efforts to express the seed lectin were made ierai@ develop an experimental system in
which specific amino acid alterations could be addtrced into the sugar-binding site.
Milligram quantities of the recombinant lectins Jvaube required for their three-
dimensional structures to be determined by X-rggtatlography.

Bacteria, particularl¥. coli, which has been well-characterized, are the ¢insice
of an expression system when one desires to proglgieen protein in large quantities.
TheE. coli grows at a very fast rate in comparison with otgression systems such as
mammalian cells, giving the opportunity to purignalyze and use the expressed protein in
a much shorter time. Transformation®fcoli cells with foreign DNA is easy, requires
minimal amounts of DNA and is generally inexpengiVermaet al., 1998; Sambrook and
Russell, 2001).

Expression of eukaryotic genes in bacteria, howehas its own drawbacks. Most
legume lectins are glycosylated and as bacterianatecapable of carrying out post-
translational modifications, the expressed prote@y not be functional. Production of the
protein may be toxic to the bacteria leading tcslos mutation of the gene or cDNA.
Inducible promoters such as thac promoter are therefore normally used to control
expression of the protein (Vernshal., 1998). In spite of the controlled expressian, a
times the protein will precipitate in inclusion besl within the bacteria and must be
solubilized and re-folded (Liliet al., 1998). For instance, production of the pea teiti

E. coli resulted in the formation of insoluble aggregateshe host and the functional
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lectin was recovered by solubilization of the agates in guanidium hydrochloride and
renaturation in the presence of Mp@hd CaCl (Stubbset al., 1986). Solubilization and
renaturation are, however, sometimes only partsllgcessful (Lilieet al., 1998). In such
cases, yeast is chosen as the ideal expressi@msgstthis host is capable of glycosylating
proteins as well as providing an advanced proteidiig pathway for heterologous
proteins. The yeasPichia pastoris has been used to produce gram quantities of
recombinan®. vulgaris phytohemagglutinin E-form (Baumgartretral., 2002).

In spite of the limitations that are associatethwiie expression of plant proteins in
bacterial systems, some legume lectins suck.a®rallodendron lectin (Arangoet al.,
1992) and the lima bean lectin (Jordan and Gollst&B94) have however, been
successfully expressed B coli. These expressed lectins are devoid of theiroglyic
moieties yet they are biologically active. We #fere set out to express the cDNA of the
mature mukwa seed lectin i coli.

The cDNA encoding part of the signal peptide, tiegure mukwa seed lectin, the
C-terminal peptide and the 3’untranslated regios weaailable as a clone designated
Muk151QII28. Clone Muk151QIlI28 was used as tengplat amplify, only the DNA
region that codes for the mature mukwa seed lelo$if?CR using each of primers Muk-23
and Muk-24 with Muk-25 respectivelyEx Taq'™ DNA polymerase was used for PCR as
it has proof-reading activity and the recommendeder temperature of 68 for
elongation allows this step to take place slowlgkdra Biomedicals, 2000). High fidelity
was important so as to avoid the incorporationrafasirable mutations. Muk-25 included
a stop codon and alBcoRI restriction endonuclease recognition site. Poéymerase
chain reaction using Muk-23 and Muk-25 alloweddanplification of the coding sequence
from Q' to A**%, the first to the second last amino acid resichfethe mature lectin. The

polymerase chain reaction using Muk-24 and Muk-2éweed for amplification of the
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coding sequence from the aspartic acid, the seagmido acid residue, Dto A*** the
second last residue, thereby leaving out the ntidesequence coding for the first and
last glutamine residues. The last amino acid uesiof the mature lectin, %, could not
be identified from the crystal structure. Both difigation products excluded the
nucleotide sequence coding for the C-terminal peptiesidues ¥°to M*? as this could
not be seen in X-ray crystallography (Loes al., 2003; 2004). It could therefore be
concluded that the C-terminal peptide is either tiexible to be detected using this
technique (Neumanet al., 2004) or is proteolytically cleaved off to forrhet mature
protein. Many legume lectins are proteolyticallsogessed at their C-terminus, often
leading to heterogeneity at this end of the pro(®an Driessche, 1988; Young al.,
1995).

In designing the primers used in PCR, we usedmmftion obtained from X-ray
crystals of the native mukwa seed lectin. Thedhdienensional structure had shown that
the N-terminal amino acid residue of the maturéiniés in the form of a cyclic glutamine,
pyroglutamate, located in a pocket in the inteoibthe protein. This was confirmed by the
fact that the N terminus of the affinity-purifiedgpein was blocked (Lorist al., 2004). It
was assumed that the space in the pocket woully lideinsufficient to accommodate the
methionine encoded by the initiator codon from élx@ression vector. As methionine is
required to initiate protein synthesis in bactébiaursenet al., 2005), it was envisaged that
leaving out the first amino acid of the mature ileetould probably create space for the
methionine. However, as all this was based onuspgon, we decided to design two
5°end primers, Muk-23 and Muk-24. This meant ihabth fragments were cloned, two
proteins would be expressed. The expectation, hervevas that one of the proteins
would possibly fold properly whereas the other wionbt have the correct conformation

for folding.
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The amplified DNA was then ligated with the exgiea vector pPBAMycHisA.
This vector carries tharaBAD promoter (Bap) that is turned on by L-arabinose and
therefore provides a tight, dose-dependent regulatif heterologous gene expression
(Guzmanet al., 1995). For expression, the pBMycHisA vector was digested witKcol
and filled in with T4 DNA polymerase in order toopide an ATG codon for methionine
preceeding the cDNA coding for the mature lectidigestion of the expression vector and
the amplification products witkcoRl made directional cloning possible. Inclusionaof
stop codon in primer Muk-25 allowed for the terntioa of translation of the mature
lectin, although it left out the last amino acidsideie, glutamine. Termination of
translation meant that the lectin could be expikseg¢hout the C-terminal peptide of the
expression vector.

Clones were sequenced to check if the readingefraimthe expression vector,
pBADMycHisA, had been maintained at the point of ligatiofhe nucleotide sequence
showed that the reading frame was preserved onlyonstructs such as pGVv4976 and
pGV4977 in which the codon for the first amino adidue had been omitted. Constructs
in which the insert was generated using PCR prinlhdug-23 and Muk-25, that is, in
which the glutamine residue was next to the init@methionine were not recovered most
probably due to suspected lethal effects to the ¢elss. Experience in the laboratory has
shown that at times bacterial cells fail to growthey carry certain constructs (H. De
Greve, personal communication). For such cellsetoviable, either a mutation occurs or
the orientation of the construct changes. In taise, a particular orientation was forced
due to directional cloning and hence only thosdsdefrbouring the mutated construct
survived. The mutation, however, meant that thesestructs were out of translational
frame. The construct pGV4977 that was subsequesdd for the expression experiments

had the nucleotide sequence coding for the firdtlast amino acid residues of the mature
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mukwa seed lectin missing. In spite of the misgingno acid residues, the hope was that
this wild type recombinant lectin would still belalbo fold correctly.

For expression, pBAMycHis-wild type mukwa seed lectin recombinants were
used to transform theecA, endA E. coli TOP10 strain. These host cells are capable of
transporting L-arabinose but do not metabolizend hence a constant level of arabinose
can be maintained inside the host cells. The aspa levels of the lectin could therefore
be optimized to ensure maximum expression of seluptotein by varying the
concentration of L-arabinose (Invitrogen Life Teolagies, 2000). Maximum expression
of the lectin, as shown by SDS-PAGE and by Wesbotting, was obtained using 0.2%
(w/v) L-arabinose and growing the culture overnjdbt approximately 16 hours.

Analysis of the coding sequence of the mature naukeed lectin had shown the
presence of seven arginine codons AGA/AGG. Thegaiae codons are rarely usedin
coli but their expression can be enhanced by co-tremsgig host cells with a second
plasmid BL21-CodonPlus-RIL (Stratagene, 2000). ledransformants carrying both the
pBADMycHisA-wild type mukwa seed lectin recombinant, pGV4%nd plasmid BL21-
CodonPlus-RIL were therefore also expressed toifskewels of the mukwa seed lectin
production could be increased. Analysis of expoesen SDS-PAGE, however, showed
that the addition of plasmid BL21-CodonPlus-RIL dit significantly enhance expression
of the cDNA encoding the mukwa seed lectin. On d¢betrary, the presence of BL21-
CodonPlus-RIL resulted in a very pronoundectoli protein band, approximately 3 kDa
smaller than the protein of interest. Thereattex,pBADMycHisA-wild type mukwa seed
lectin recombinants were expressed alone.

The expressed lectin agglutinated rabbit erythescyand the agglutination was
inhibited by methyle-D-mannopyranoside. This biological test confirm#tht the

recombinant lectin was just as active as the nddggn from mukwa seeds. As coli
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normally produces proteases in its cell enveloge thay degrade the expressed protein
after the cells are lysed (Gottesman, 1996), aragp&xperiment in which a cocktail of
protease inhibitors was added to the bacteriabekivas set up. The presence of protease
inhibitors in the extract did not increase the gief the expressed lectin and so thereafter
the extract was prepared in their absence.

The exact yield of the expressed lectin in mifligis corresponded with the number
of agglutinating units shown but varied from expent to experiment. The slight
differences in yield may have been due to thetfzat induction of expression was carried
out over a range 0.40 to 0.45 of optical densitgGfi nm. Expression therefore may have
been induced at slightly different points in theteasial mid-log phase of the growth curve.

Higher yields of the expressed lectin were obtiffrem a 10 x 50 ml culture
compared to a 500 ml culture showing that the Ewélthe expressed lectin decreased
during scaling up (see Section 4.1.6). Bettertamrabtained in small volumes compared
to large volumes could have attributed to the diffiee in yield. In order to maximize on
the yield, 50 ml cultures were pooled for purifioat by affinity chromatography on
mannose-Sepharose-4B.

For analysis of purification, the lectin sampleswaver-loaded on the SDS-PAGE
in order to confirm the purity of the lectin. Théstinct bands of lower molecular mass
than the expressed lectin are most probably detoadaroducts. This probability is
supported by the fact that on Western blot, theelownolecular mass bands were
recognized by the antiserum directed against th&wauseed lectin. Moreover, their
intensity increased with the age of the expressetinl sample. The native lectin also
degrades with time but at a much slower rate (8cBmans, personal communication).

The purified lectin has a slightly lower molecutaass than the native lectin from

mukwa seeds most probably due to the absence &-teeminal peptide and the lack of
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glycosylation of the recombinant lectin. The natiectin is thought to have a glycosyl
moiety since the amino acid residué*Non the mukwa seed lectin is a potential N-
glycosylation site (Lorit al., 2004). Arango and co-workers (1993) showed tti@anon-
glycosylated recombinatrythrina corallodendron lectin had an apparent molecular mass
of 28 kDa on SDS-PAGE, about 2 kDa smaller thandlyeosylated native lectin. In
addition, determination of molecular masses ofedéht native and recombinant legume
lectins by mass spectrometry confirmed that glystanctures do contribute to the relative
molecular weight (Younet al., 1995).

Since the native mukwa seed lectin and the recaamibione are indistinguishable
by specific absorbance, Western blot analysis \aithi-mukwa seed lectin polyclonal
antibodies and haemagglutinating activity, the nelsimant lectin can be used vitro in

place of native lectin.

5.2 Mutagenesis of the Sugar-Specificity Loop of the Mkwa Seed
Lectin

Having shown that the recombinant wild type mulsead lectin was biologically
active, we set out to alter the amino acid sequefdeop D of the mukwa seed lectin.
The conserved amino acid residues required forrshigding were identified as % G'%°,
N8 and E*?in the mukwa seed lectin (Loré al., 2003) and these were retained in the
systematically constructed mutants. Tihevitro site-directed mutagenesis experiments
were carried out to try and identify the determisaof the sugar specificity of this lectin,
in particular, and of legume lectins in general.

Clone Muk151QIlI28 was used as the template forithétro mutagenesis. The
incorporation of a restriction endonuclease redogmisite in all the mutagenic primers

designed made the identification of putative mugadnt restriction endonuclease analysis
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on agarose gel possible. Although in some caseadtual nucleotide sequence had to be
changed in order to provide a restriction endoraggerecognition site, the specific amino
acid sequence was maintained.

In the first set of experiments, the nucleotidgussce coding for seven amino acid
residues that constituted the part of the mukwal $eetin specificity loop that interacts
with the sugar was removed. This region was replagith the respective corresponding
DNA segment coding for either nine amino acid resglof the UEA Il or ten amino acid
residues of the ECorL specificity loops. StudigsJeyaprakash and co-workers (2004)
indicated that variation in the length of the suig@ding loop could be a strategy for
generating ligand specificity. The lectin artogarpas a higher affinity for mannotriose
than dimannose, whereas the reverse is true fdngheba lectin. The sugar-binding loop
in artocarpin is four amino acid residues longemntin heltuba. Variation in loop length
was also shown to be responsible for the diffelobd group specificities of the two
homologous lectins from winged beans. The basiged bean lectin, with the longer
specificity loop, binds the blood group A and Bigehs whereas the acidic winged bean
lectin binds the O antigenic determinant (Maetagl., 2000).

Mutagenic primers Muk-17 and Muk-18 allowed foe ihtroduction of afEcoRV
recognition site and BspEI recognition site into clone Muk151QI128 at theaBd 5’ ends
of the specificity loop respectively. Digestion thfe corresponding mutant with these
enzymes made it possible for the nucleotide segueoding for the specificity loop of the
mukwa seed lectin to be removed and replaced byrghpective UEA Il and ECorL
specificity loops.

The DNA segment specifying for the UEA 1l and ECapecificity loops was
obtained by annealing equimolar concentrationsashgimentary primers Muk-19 and

Muk-20, and Muk-21 and Muk-22 respectively. Intoton of the UEA Il specificity
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loop into theEcoRV recognition site, however, resulted in the phalayine residue USP9
being substituted for by tyrosine. Studies by Ahd co-workers (1996) demonstrated that
replacement of the conserved loop C Tyr with PhéhenGriffonia smplicifolia lectin 1l
did not affect sugar-binding. The expectation waat the substitution of Phe by Tyr,
another aromatic residue in the UEA Il mutant wadde no effect on sugar binding. On
the other hand, introduction of the ECorL spediidoop into theEcoRV recognition site
gave the amino acid residue ESP10 as aspartid@ridstead of the required alanine (A).
The nucleotide sequence coding for the D residug than changed to the nucleotide
sequence coding for an A residue using mutagemceprMuk-35. The presence of the
charged D residue instead of the small aliphatie#idue would presumably affect non-
polar interaction and most likely abolish sugareding (Zhuet al., 1996).

In the second set of experiments, specific mutatiopredicted from X-ray
crystallography to change the mukwa seed lectin asugpecificity from a-
mannose/glucose f@-mannose/glucose, were introduced into clone MukI®B. The
presence of the specificity loop® amino acid residue sterically preventg-inkage
from being accommodated in the binding site ofrthekwa seed lectin (Lorigt al., 2004).
Consequently, in one mutant, mutagenic primer MOkaBowed for the deletion of the
nucleotide sequence encoding”Eamino acid residue and the substitution of the
nucleotide sequence encodiné/€amino acid residue with a G residue in the mukveaise
lectin specificity loop. In the second mutant, agénic primer Muk-33 allowed for the
substitution of the nucleotide sequence encodirthy bre E* and G* residues in the
mukwa seed lectin specificity loop with two G rassg.

Studies by Loris and co-workers (2003) suggest #ithough the backbone
conformation of both the short and long versionslagp C are not a determinant of

monosaccharide specificity, specific side chainshas loop do influence the nature of the
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sugar that can be accommodated in the binding Sisequently, the exact sequence of
the metal-binding loop cannot be ignored. Foraneg, studies by Sharma and co-workers
(1998) suggest that the presence of metal-binding IC GId?° in the peanut agglutinin
(PNA) is important in imparting exclusive galacteseecificity in PNA. In another study,
the chimeric lectin from thB-galactose-specifiBauhinia purpurea agglutinin (BPA) and
the a-mannose-specifidens culinaris agglutinin (LCA) showed a distinctly different
sugar-binding specificity than that of either BPAL&CA. The chimeric lectin gene had
been constructed by replacing the nucleotide semguending for nine amino acid residues
in the metal-binding region in the cDNA encoding BRith the corresponding region
from LCA (Yamamotoet al., 2000a). Moreover, random mutations introducetbap C

of BPA led to changes in sugar specificity (Yamaoredial., 2000b).

The chitobiose-specific UEA Il can accommodategi-inkage because of the
presence of the bulky¥° amino acid residue in its metal-binding loop (Isatal., 2000).

In both 3-mannose/glucose-specific mutants, mutagenic privhe-34 therefore allowed
for the substitution of the nucleotide sequenceodimy S*’ amino acid residue of the
mukwa seed lectin with that of Y. The incorporataf the bulky Y residue was so as to
prevent the formation of an-linkage in the sugar binding site of the mutatedtgin
(Loris et al., 2004).

Thein vitro mutagenesis experiments therefore resulted irgémeration of four
clones that were used as the respective templaté @Nthe UEA Il specificity loop,
ECorL specificity loop, -~ Y + E?'Q°*’. single G substitution and'¥-Y +
E??1Q%?_, double G substitution mutants. The DNA regiorryiag these mutations was
then sub-cloned into clone pGV4977, the pBWRHisA-wild type mukwa seed lectin
recombinant in which the corresponding DNA regiad been excised. Excision was

made possible because restriction endonucle@stsand Avrll have unique recognition



14¢€

sites in the DNA coding for the mukwa seed lectiee( Appendix C) which are absent in
both pUC18 and pBADBIycHisA vectors.

Sequencing of the pBAycHisA-mukwa seed lectin mutants confirmed that only
the desired mutations had been incorporated irgoctiding region of the mukwa seed
lectin. The four mutants were expressedtircoli TOP10 cells as had been done for the
wild type lectin. Maximum expression of the muganas shown by SDS-PAGE, was
obtained after induction with 0.2% L-arabinose afigr growing the cultures overnight
just as for the wild type lectin.

Although the UEA Il specificity loop mutant did hoross-react with antiserum
directed against the mukwa seed lectin, as evidehgehe agarose gel immunodiffusion
tests, SDS-PAGE analysis had shown that this mwtast actually expressed. Western
blots to assay if the UEA Il specificity loop mutawas capable of binding any
glycoproteins were successfully immunoprobed wittiserum directed against the native
mukwa seed lectin. Attempts were therefore madputify this lectin, along with the
other recombinant lectins, by affinity chromatodrgn an anti-native mukwa seed lectin
antibody column. The UEA Il specificity loop mutatould not be isolated as anticipated
suggesting that this mutant was probably beingesg®d in too low quantities. Higher
yields of the mutant lectin might be obtained iésific antibodies against the mutant lectin
were developed.

The vyield of the wild type mukwa seed recombiniagctin obtained on the IgG-
Sepharose-4B column was approximately 25% of thataimed on the mannose-
Sepharose-4B column. The lower yield shows thatatitibody column was over-loaded.
However, no efforts to maximize the isolation of tiecombinant lectins were made, as the
aim at this stage was to check if pure lectins @dnd obtained using the antibody column.

Lower vyields of the mutant lectins may have beetaioled on the anti-mukwa seed lectin
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IgG-column as the antibodies were not specifidfiermutant lectins.

The mutant lectins could have been expressed avtitstidine tag at the carboxy-
terminus of pBADMycHisA to ease the purification process. For instairoBond resin
binds hexahistidine-tagged proteins specificallyl dhis in turn increases the yield of
purified protein (Invitrogen Life Technologies, Z)0

Analysis of purification of the recombinant lecion the antibody column showed
extra bands of lower molecular mass that werebaitied to degradation products. Samples
were over-loaded so as to confirm the purity ofrdf@mbinant lectins.

Although the mutant lectins were capable of wedhding to some glycoproteins
as evidenced by the Western blots, none of puriffredant lectins, namely the ECorL
specificity loop, the 8’-Y + E*?/Q*?? >single G substitution and thé*6-Y + E?2Q%#?
—double G substitution mutants agglutinated anyhaf different animal erythrocytes
tested. The complete loss of haemagglutinatingities of these mutants might be due to
the conformational change of the sugar-bindingargi While oligonucleotide-directed
mutagenesis of loop D in the mukwa seed lectinndidmake the mutant lectins devoid of
carbohydrate-binding activity, the loss of agglating activity may have been due to the
change in affinity and/or specificity (Chehal., 2002) or due to failure to form dimers.
Enzyme-linked immunosorbent assays (ELISA) usiggd that are coated with a range of
sugars could possibly have been used to identdgysiecific sugar(s) that each mutant
lectin is capable of binding.

The actual conformation of the lectin mutantsrisably not as had been predicted
by computer modeling as evidenced by the failureagglutinate any of the animal
erythrocytes tested. For instance, the galactpeedtc ECorL agglutinates sheep
erythrocytes yet the ECorL specificity loop mutar#s not capable of agglutinating these

cells. While X-ray diffraction correlates with @hphysical measurements that are based
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on proteins in solution, such as NMR spectroscogyat is observed in the crystalline
state is an average structure of a molecule intwhtoms are normally undergoing rapid
fluctuations in solution. Consequently, the averagrystalline structure may not
necessarily be the active structure of a particptatein in solution (Devlin, 1992; Diaz-
Maurino et al., 1998). For instance, mutational studies on ECsgrawed that although
crystal data implicated loop D amino acid residdé&® and G*° in sugar-binding, the
latter residue was not involved in galactose-bigdmsolution (Adar and Sharon, 1996).
While slight changes introduced by mutagenesis cd@amnge the preference for
sugar binding from mannose to galactose (Drickad@95), in this case seven amino acid
residues in mukwa seed lectin specificity loop wesplaced by ten from the ECorL
specificity loop. The number of amino acid resglehanged is rather too high to maintain
the way the protein folds because the sequencenofoaacids ultimately determine the
protein’s tertiary structure. Non-covalent for@t on the primary structure and cause a
protein to fold into a unique conformational stuwret (Devlin, 1992; Young and Oomen.
1992). Moreover, interactions between the lectid augar are limited such that slight
modifications of the sugar-binding site can resuoltdramatic changes in the binding
selectivity (Drickamer, 1995). Van Damme and cakeos (1995a) showed that a non-
agglutinating lectin-related protein fro@ladrastis lutea (yellow wood) lacked sugar-
binding activity due to the insertion of three exéimino acids in the carbohydrate-binding
site. Given that the size of loop D is invariamtmhannose/glucose-specific lectins, it is
highly likely that the insertion of the ECorL spkadty loop amino acid residues into the

mukwa seed lectin amino acid framework disruptedptoper folding of the lectin.
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5.3 Conclusions

The study showed that it is possible to expressitbkwa seed lectin iB. coli as a
soluble protein using the pBAD expression systeMaximum expression is obtained
using 0.2% L-arabinose in cultures grown overnighhpproximately 15 mg of the
expressed lectin can be isolated per litre of celtby affinity chromatography on a
mannose-Sepharose-4B column. The expressed labtat 25 kDa in size, is essentially
indistinguishable from the native lectin isolateni mukwa seeds in terms of its
biological activities.

The mutagenesis experiments showed that chanpga@mino acid sequence of
loop D of the mukwa seed lectin causes the mutactins to lose haemagglutinating
activity. It follows that simply exchanging specify loops cannot produce lectins with
desired affinities and specificities. In other d®rloop D is not the sole determinant of

sugar specificities in legume lectins.

5.4 Recommendations

Analytical isoelectric focusing of the mukwa sdedtin shows at least eight bands
upon Coomasssie blue staining, with the strongasti lhaving a pl of 6.2 (S. Beeckmans,
unpublished). It would be interesting to determatech one of these bands the expressed
lectin corresponds to. The stability of the expesslectin can be studied under different
conditions, particularly if the lectin is to be ds@ histochemistry. The finer specificities
of the wild type recombinant lectin and the nalegtin can be compared using a range of
glycoconjugates.

The UEA Il specificity loop mutant that was exmed in low quantities ik. coli

is most probably toxic to the host cells. It wothérefore be worthwhile expressing it in a
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eukaryotic expression system such as yeast andndetewhether higher yields can be
obtained.

The specific sugar(s) that each mutant lectingees can be identified by affinity
chromatography. A range of specific sugars canmmobilized and the sugar-Sepharose
columns used to try and isolate the mutant lecimd hence identify the specific sugars
recognized by the mutant lectins. If a given mutantin happens to bind to a particular
immobilized sugar, the bound lectin can be eluteidgiacetic acid. The mutants can be
used in comparative analysis of sugar-binding udiidSA and plasmon resonance
technology.

X-ray crystallography of the recombinant lectit®wsld be carried out and their
three-dimensional structures compared with the egerpnodels. The actual structures of
the recombinant lectins can then be super-imporaathe structures of the native mukwa
seed lectin, ECorL and the UEA Il to try and idgnthe amino acid residues that still

need to be altered in order to change sugar spgifi
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/. APPENDICES

APPENDIX A

Abbreviations for Amino Acids

Amino Acid Three Letter One Letter
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Asparagine or Aspartic acid Asx B
Cysteine Cys C
Glycine Gly G
Glutamine GIn Q
Glutamic acid Glu E
Glutamine or Glutamic acid GlIx Z
Histidine His H
Isoleucine lle I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Trytophan Trp W
Tyrosine Tyr Y
Valine Val \%
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APPENDIX B

Abbreviations for Lectins

BPA Bauhinia purpurea agglutinin

Con A concanavalin A fror€anavalia ensiformis

DBL Dolichos hiflorus seed lectin

DB58 58 kDa vegetative lectbolichos biflorus

ECorL Erythrina corallodendron lectin

FRIL FIt3 receptor interacting lectin froBolichos lablab
GNA Galanthus nivalis agglutinin

GSI-B4 Griffonia simplicifolia isolectin B4

GS-I Griffonia simplicifolia isolectin 1l

GS-IvV Griffonia simplicifolia isolectin 1V

LCA Lens culinaris agglutinin

LOLI isolectin | fromLathyrus ochrus

MAH Maackia amurensis haemagglutinin

MAL Maackia amurensis leucoagglutinin

PAL Pterocarpus angolensis lectin

PHA-E erythroagglutinin fronfPhaseolus vulgaris (phytohaemagglutinin)
PHA-L leucoagglutinin fronPhaseolus vulgaris (phytohaemagglutinin)
PNA peanut agglutininAfachis hypogaea)

PRA I peanut root agglutinin Il

PSL Pisum sativum (pea) lectin

RPA Robinia pseudoacacia (black locust) agglutinin
SBA soybean agglutinirG{ycine max)

TXLC-1 tulip lectin

UEA | isolectin | fromUlex europeaus

UEA I isolectin 1l fromUlex europeaus

WBA-A acidic winged bean agglutinin

WBA-B basic winged bean agglutinin

WGA wheat germ agglutinin

VVL-B4 Viciavillosa isolectin B4



APPENDIX C

Nucleotide and Amino Acid Sequence of Clone Muk151i(28

Mik151Q | 28

1
Mik151Q | 28

17
Mik151Q | 28

34
Mik151Q | 28

51
Muik151Q | 28
67
Muik151Q | 28

84
Mik151Q1 | 28

101
Mik151Q | 28

117
Mik151Q | 28

134
Mik151Q | 28

151
Muik151Q | 28

167
Mik151Q | 28

184
Muik151Q | 28

201
Mik151Q | 28

217
Muik151Q | 28

234
Muik151Q | 28

251
Muik151Q | 28

M L L NKA Y S
--------------------------- CTACTGAACAAAGCATACTC
ODbDSL SFGFPTTETPSDOQK
CCAAGATTCCCTTTCCTTCGGCTTCCCTACGT TTCCTTCAGACCAGAAAA

Mik- 23 and Mik-24
N LI FQGDA A QI KNNAVOQL
ACCTAATCTTCCAAGGT GATGCACAGAT TAAAAACAACGCAGT CCAGCTT

T K T DS NGNWPV AS TV G R I
ACCAAGACAGACAGT AATGGT AACCCAGT GGCAAGCACT GT TGGGCGAAT

L F S A V AHL WE K S S S R V
CTTATTCTCGGCGCAAGT GCACCT TTGGGAAAAAAGCT CAAGCAGAGT GG
A N F Q S F S F S L KS P L SN
CAAACTTTCAATCCCAGT TCAGCTTTTCCCTCAAATCACCGCTTTCCAAT

G A DGI A F F I
GGAGCCGACGGCATTGCCTTCT

AP P DTT I P
TACC

Muk- 6
S GS GGGLL GL FAPGT A
GAGCGGT TCGGGECGGAGGT CTCCTAGGGCTCTTTGCACCTGGAACTGCTC

Avr ||

Q NTSANOQVI AV EFUDTFY
AAAACACGTCCGCGAACCAAGTGATTGCGGTTGAGT TTGACACCTTCTAT

A QD SNTWDWPNYPHI G 1 D
GCTCAAGACTCTAACACTTGGGATCCGAATTACCCGCACATTGGAATCGA

d al
V NSI R SV KTV K WD RRD
TGTCAACTCCATTAGGT CTGTGAAGACT GT GAAAT GCGATAGGAGAGATG

G QSL NVL VTFNZPSTRNIL
GTCAATCCCTTAATGTI CCTCGTAACATTTAACCCTAGCACTCGAAACCTG

DVVATYSDS GTIRYEV S Y E
GATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGA

v b VRSV L PEWVRV GF S
GGTTGACGTGAGGT CCGTGCTTCCAGAATGCGT TAGAGT TGGATTCTCAG

A A S GE QY QTHTL E S WS F
CTGCCTCAGGAGAGCAATATCAAACGCATACTCTTGAATCATGGICTTTC

T S T L L Y TAQKIKGENIL AL
T&TTGTACACTGCT CAGAAGAAGGGOGA

ACCTCAACCT GAATCTTGCACT
- Miuk- 25 Muk- 12
TAGAATTCCC
EcoRI

E M
TGAGATGT GATCTGGAGTGATTTCTATGTCATATCCATCATGTATGATAT

(Adapted from GenBank Accession Number AJ426056).

APPENDIX D

Primer Sequences
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773
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Primer | Size Direction Sequence (55 3))

Muk-6 | 21-mer > CATCGCACCGCCGGATACTAC

Muk-12 | 19-mer < CTTCTTCTGAGCAGTGTAC

Muk-23 | 24-mer > CAAGATTCCCTTTCCTTCGGCTTC

Muk-24 | 25-mer > GATTCCCTTTCCTTCGGCTTCCCTA

Muk-25 | 34-mer < GGGAATTC TAAGCAGTGTACAACAAGGTTGAGGT

pBAD1 | 20-mer > CACACTTTGCTATGCCATAG

Muk-17 | 27-mer > CCTCAGGAGAGGSATATC AAACGCATA

Muk-18 | 42-mer > GGGTTAGAGTTGGATTCICCGGAGCCTCAGGAGAG
CGATATC

Muk-19 | 27-mer > CCGGAGGCGTTGGCAACEGGCCGAAT

Muk-20 | 23-mer < ATTCGGCCGCGTTGCCAACGCCT

Muk-21 | 30-mer 2> CCGGAGCRACCGGT GCGCAGCGTGATGCGG

Muk-22 | 26-mer < CCGCATCACGCTGCGCACCGGTCGCT

Muk-35 | 45-mer > GGAGCGACCGSTGCACAGCGTGATGCGGCTCAAAC
GCATACTCTT

Muk-30 | 36-mer > CAGCTGCCTCAGGAGSATATC AAACGCATACTCTT
G

Muk-33 | 52-mer > GATTCTCAGCTGCCTCAGGAGGAGATATC AAACG
CATACTCTTGAATCATG

Muk-34 | 45-mer > GACACCTTCTATGCGCAAGACTATAACACTTGGGA
TCCGAATTAC

SELEC | 25-mer > GAGTGCACCATGGGCGGTGTGAAAT

PUC1

SELEC | 25-mer > GAGTGCACCATATG CGGTGTGAAAT

PUC2

puC 24-mer > CGCCAGGGTTTTCCCAGTCACGAC

FP

puC 23-mer < AGCGGATAACATTTCACACAGGA

RP

Restriction endonuclease recognition sites are showold.

APPENDIX E

Plasmid Vector Map of puC18/19
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Eco01091 2674 Pfol 46 FBsmPI 179

Aatll 2617 \ [ Hdel 183
Sepl 2501 !

Gsul 1784
Gfriol 1779
Eco31l 1766

Eam11051 1694 BseYl 1110

\Cail 1217

pUC18 and pUC19 are identical except that theyaionthe multi cloning sites (MCS)
arranged in opposite directions. The positionthefenzymes that cut the plasmid once are
shown. The rep(pMB1) represents a replicon derifredh plasmid pBR322 and is
responsible for replication of the plasmid. Tite gene, also derived from pBR322, codes
for beta-lactamase that confers resistance to allinpicAlpha complementation is possible
as the plasmid contains thepeptide of thg3-galactosidase (lac Z) gene.

MCS of puUC18

Hicll Gl El1ZE
M Bl A g ol

kﬂ&"puimﬁrtmnnm!r-l-ztl-,1?-ma:. 3!0 il Pl Sial_ Bl )?;Iil\ Ml gl Sl Kl e fal ‘.5
3 G TR BAC GAC 6ol cag Teu CAA BCT TGC ATG CCT GCA GGT CGA CIC TAG AGG ATC CCC GGG TAC CGA GCT CGA ATT Ccr 2aT CAT GeT CAT AGC 16T MC €76 ¥
30 me ete oes 67¢ aoe 6IT 0GR ACG TAC GGA CGT CCA GCT GAG ATC TCC TAG GGG CCC ATG GCT CGA GCT TAA Goa 1A G COR GTA TCG ACK AAG GAC &/
Laol — Val Val M low Ala lew Ser M HMis Mg Cys The Sor G Low Po Asp Gy Po VA Ser Sor Ser Asn Thr lo Mot Thr Mot
WU e secuengpmer 25, 1 -t

MCS of puC19

Bt Gl Hinel
Bkl pgayl ekl Ecoldl sal

Lt smpnig e 2, o % gl Kl Smal bl oy i Bl g Pl gy

5 G TIG TAA AAC GAC GEC crg TBA ATT CGA GCT CGG TAC CCG GGG ATC CTC TAG AGT CGR CCT GCA GGC ATG CAR GCT Te CGT AAT CAT GGT CAT AGC TGT TIC CTG 3

3 CARC ATT 116 076 cog 610 ACT TAR GCT CGA GCC ATG GGC CCC TAG GAG ATC TCA GCT GGA CGT CCG TAC GIT CGA ACC GCA TTA GTA CCR GTA TCG ACA MAG GAC 3

Lael + Lew Val Val Ala Lew Ser MAsn Ser Ser Pro Val Arg Pro Asp Gl low Thr Ser Am Cys M His Lew Ser Pro Thr lle Bel TPI Met
NVBIUE revres seencng i -2, 1T-mar

Pstl

(taken from www.fermentas.com/techinfo/nucleicatitgpppUC18/19.htm)

APPENDIX F

Plasmid Map of the Expression Vector pBADHis/pBADMycHis
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——  — T Npross
ATG ExHis EI.'I'.-.-I.'I

pBATY M- His

ad

/

pBAD-Vectors
AB.C
1&- 4.1 kb

ot

* Frame-dependent vazsiations

ATG represents the initiator codon; 6 x His, thdypistidine tag for purification with
ProBond resin; Xpress andyc epitopes for detection with antibodies directechiast
these epitopes; EK site, the enterokinase cleasié@and MCS, the multi-cloning site.

(taken from Invitrogen Life Technologies, 2000)

APPENDIX G

Regulation of thearaBAD Promoter
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The araBAD promoter is positively and negatively regulateg the product of the gene
araC, AraC. AraC is a transcriptional regulator th@aims a complex with arabinose. In
the absence of arabinose, the AraC dimer bingsai@ | forming a 210 bp loop, a
conformation that leads to the complete inhibitmitranscription. In the presence of
arabinose, the dimer is released froma@d bindsiand b leading to transcription. The
CcAMP activator protein (CAP)-cCAMP complex bindsttee DNA and stimulates binding
of AraC to L and b.

(taken from Invitrogen Life Technologies, 2000)

APPENDIX H

The Genetic Code



UUU | phe| UCU | ser | UAU|tyr | UGU | cys
uucC UccC UAC UGC
UUA | leu | UCA UAA | stop| UGA | stop
UuG UCG UAG | stop| UGG | trp
CUU | leu | CCU| pro| CAU | his | CGU | arg
cucC CCC CAC CGC
CUA CCA CAA | gin | CGA
CUG CCG CAG CGG
AUU |ile | ACU |thr | AAU | asn | AGU | ser
AUC ACC AAC AGC
AUA ACA AAA |lys | AGA | arg
AUG | met| ACG AAG AGG
GUU |val | GCU| ala| GAU| asp | GGU | gly
GUC GCC GAC GGC
GUA GCA GAA | glu | GGA
GUG GCG GAG GGG

(Adapted from Devlin, 1992)

APPENDIX |

Structures of Selected Sugars

174
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CH,OH
HO O(_oH
H
OH H
H H
H OH
B-L-Fucose p-o-Galactose
(Fuc) (Gal)
CH,0H CH,0H
HO OH H OH
H HO
0 o]
[ H [
N—C—CH; N—C—CH,
H H
B-v-N-Acetylgalactosamine p-o-N-Acetylglucosamine
{GalNAc) (GlcNACc)
CH,O0H H
o H 0 |
H 4 OH H3C—ﬁ—N R COO~ H—C—OH
OH HO 0] H H R = H—C-—0H
H H OH
CH,OH
H H OH H
B-p-Mannose Sialic acid
{Man) (N-Acetylneuraminate)

(Sia)

(taken from Stryer, 1988)



