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ABSTRACT

Pterocarpus angolensis seed lectin (PAL), a 28 kDa non glycosylated protein, was initially
successfully cloned and expressed in E. coli for ease of high protein production. It was discovered,
however, as in similar studies that the recombinant PAL vyield in E. coli is low and localized
intracellularly. This makes extraction even more difficult because most of the protein is lost either
when the cell undergoes lysing or when there is incomplete extraction. As a result of the low yields
in E. coli, expression vectors were constructed for pal expression in S. cerevisiae, Y. lipolytica and
A. niger. Colony PCR of S. cerevisiae transformants confirmed the presence of pal gene whilst
sequencing revealed a 66% homology to native PAL. Expression of recombinant PAL in S.
cerevisiae, which was expected to be intracellular, was doubtfully unsuccessful since no signal was
detected following Western blot analysis. A pPBARMTEL-pal expression vector was successfully
constructed and could be used for expression studies in Aspergillus niger, however, it was not used
in this study. A pal gene whose codons were optimized for Y. lipolytica was synthesized and
successfully cloned and expressed in Y. lipolytica. Gene sequence alignment of native pal and the
codon optimized pal showed 81% homology whilst the amino acid alignment showed 100%
homology. A 31 kDa, recombinant PAL was successfully expressed in Y. lipolytica. The
recombinant PAL was approximately 3 kDa larger than native PAL. It was established that this is
due to glycosylation of the recombinant PAL. This recombinant protein was found to be more
thermostable than native PAL since it demonstrated haemagglutination activity after 10 minutes of
exposure in a boiling water bath and only lost activity after 2 hours of exposure to boiling. This
study succeeded in producing a more stable extracellular recombinant PAL which demonstrated
biochemical activity that was largely similar to that of native PAL but only differed in

carbohydrate specificity and haemagglutinating strengths.
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CHAPTER 1

INTRODUCTION

Lectins are proteins which reversibly bind sugars with considerable specificity. They were discovered
over hundred years ago in plants but have now been found to exist in several different families of
animals and microorganisms. The first person to discover plant lectins was a medical student,
Stillmark, in 1888 (Sharon and Lis, 2004) who detected the first lectin whilst conducting research on
castor beans (Ricinus communis L.) and then reported that extracts from castor beans contains a toxic
proteinaceous factor named ricin that agglutinated red blood cells (Vasconcelos and Oliveira, 2004).
Over several decades, studying of the molecular basis of protein carbohydrate interactions was
focused on leguminous plant lectins (Garcia-Pino et al., 2006).

Based on their overall structure, plant lectins were originally subdivided into four major classes i.e.
merolectins referring to proteins having a single carbohydrate-binding domain; hololectins which
have di- or multivalent carbohydrate binding sites; chimerolectins which consist of a catalytic or
another biological activity in addition to one or more carbohydrate-binding domain(s) with this extra
feature being dependent on other distinct domains other than the carbohydrate-binding sites. The last
class, the superlectins, posses two or more carbohydrate-binding domains that differ from hololectins
in that their binding sites can recognize structurally unrelated sugars (Vasconcelos and Oliveira,
2004).

Localization of plant lectins revealed that lectins are found in abundance in seeds than in other
vegetative tissues like roots, leaves, barks, flowers, bulbs and rhizomes (Vasconcelos and Oliveira,

2004). In seeds, lectins make up to 10% of the total soluble protein.

Due to their high affinity towards specific carbohydrate moieties, lectins have been used as a model
system for studying protein-carbohydrate interactions (Roopashree et al., 2006). The carbohydrate
recognition site of lectins consists of several loops, the conformations of which are determined by the
availability of a structural calcium ion and a transition metal ion (Mg®*/Mn?"). The absence of these
two metal ions results in local unfolding which leads to a more flexible form of the protein and loss
of carbohydrate binding capacity as well as considerably less structural stability (Garcia-Pino et al.,
2006 and Loris et al., 2004).





Pterocarpus angolensis seed lectin (PAL) is a mannose-glucose specific, legume lectin extracted
from the seeds of a bloodwood tree (Mukwa), a leguminous plant from central and southern Africa
(Caro et al., 2005 and Loris et al., 2004). The crystal structure of PAL was previously studied and
determined in complex with mannose and five manno-oligosaccharides by Loris et al. (2004).

So far molecular studies of PAL have been limited to the cloning and expression of this lectin gene in
Escherichia coli using pUC18 and pBAD/Myc-HisA vectors, characterizing the sequence of the gene,
purifying and characterizing the heterologously expressed PAL (Chidzwondo, 2006). There are
fundamental differences in the gene organization of prokaryotes and eukaryotes and these include
their mode of transcription, post-transcriptional and post-translational modifications, thus E. coli may
not be an ideal organism when the interest is in studying all these aspects. The PAL gene was derived
from cDNA obtained from the mature mRNA, i.e. mRNA that has already undergone post-
transcriptional modifications hence this aspect cannot be studied in E. coli. Cloning and expression
of this gene in two different eukaryotic systems will serve as a foundation towards studying the post-
translational modification of the pal gene product. One type of eukaryotic post-translational
modification is glycosylation hence our interest is also to look at this aspect in a comparative manner.

This study will focus on cloning as well as expression of the pal gene in Saccharomyces cerevisiae
and Yarrowia lipolytica in order to compare the expression and glycosylation levels of this protein in
these two host organisms and to construct the Aspergillus niger expression vector containing the pal

gene.

Glycosylation is the flexible and abundant co- and post-translational modifications of proteins as it is
structurally important in that it increases protein stability, protecting the protein from proteolysis and
helps improve protein solubility. The glycosylation sites on glycoproteins regularly show slight
differences in structure, allowing occupation by a group of structurally associated oligosaccharides
(Rosenfeld et al., 2007). The extent and type of glycosylating sugars vary in different eukaryotic
systems meaning that in S. cerevisiae and Y. lipolytica these might be different. As glycosylation
influences protein stability, solubility and glycoprotein sizes, these aspects are of importance in
producing bulk stable PAL.





1.1 Problem statement

A low expression level of PAL in E. coli (Chidzwondo, 2006) has shown possibilities of lectin
toxicity towards E. coli. Since plants fall under the eukaryotic domain, it will be more appropriate to
study expression of PAL in a eukaryotic system, hence in this study, eukaryotes of interest are
common commercial yeast S. cerevisiae as well as a dimorphic yeast Y. lipolytica. Yeasts on the
other hand are the most important organisms in fermentation technology; i.e. brewing, wine-making
and bioconversions. Purification of the final product in these processes requires flocculation, an
aspect which could easily be fulfilled by the use of recombinant yeast which displays recombinant
lectin on the surface. The ability of a cell to use sugars as well as calcium in the external medium is
one of the important effectors of flocculation (Kondo and Ueda, 2004). Addition of metal ions to the
medium can promote carbohydrate binding capacity of these cells resulting in a simplified method of

product purification.

1.2 Motivation of the study

Lectins being proteins that specifically and reversibly bind mono or oligosaccharides are regarded as
useful tools for the investigation of carbohydrates on cell surfaces (daSilva et al., 2005).
Carbohydrates, proteins and lipids, form part of the cell surface, but carbohydrates reach furthest
from the surfaces and are usually involved in initial interactions with other cells and substrates
(Oppenheimer et al., 2008). Cloning the pal gene in eukaryotic hosts has the advantage in that
expressed PAL could be exported externally into the media. Therefore, creating this expression
system for PAL will allow us to study the post-translational modification of PAL but also to improve
production of PAL. In addition, this system will allow future cloning and expression of other related

lectins.
1.3 Aim and objectives
1.3.1 Aim

The aim of this project was to clone the pal gene heterologously into two types of eukaryotes (S.
cerevisiae and Y. lipolytica) and to compare the recombinantly expressed lectin (including E. coli
expressed PAL) with that of the native protein. The gene products were to be comparatively studied
in order to establish the expression levels, stability and glycosylation characteristics. Such studies
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were to be used in establishing which of these systems is best for production of a stable recombinant
PAL.

1.3.2 Objectives

The objectives which formed the basis of this study, arranged in logical sequence, were to:
I. Generate anti-PAL antibodies in rabbits for use in Western blot analysis and

glycoprotein detection blots.

ii. Amplify the pal gene from recombinant E. coli for further modification using the
altered gene specific primers Muk24/Kpnl and Muk?25.

ii. Insert the modified pal gene, following restriction digestions, into the expression
vectors, pYES2/CT, pBARMTEL, pKOV410 and pINA1293 vectors.

iv. Detect recombinant PAL from E. coli, S. cerevisiae and Y. lipolytica using SDS-
PAGE and Western Blot followed by glycosylation and thermal stability studies of the
heterologously expressed PAL.






CHAPTER 2

LITERATURE REVIEW

2.1 Definition and biochemistry of lectins

Since the 1880’s, lectins have been regarded as plant proteins which have the ability to
agglutinate cells, hence an alternative term for lectins is agglutinins (Hartmann et al., 2006).
Lectins are now described as proteins from different sources (plants, animals and
microorganisms) which are generally characterized by their recognition of specific
carbohydrate structures. They reversibly attach to free sugars and sugar residues of
polysaccharides, glycoproteins or glycolipids (Wang et al.,, 2007). Even though their
common property is that of binding to defined carbohydrate structures, their roles in different
organisms may not be the same. On cell surfaces, binding of lectins to sugars might change
the physiology of the cell membrane and thereby influencing the metabolism inside the cell
(Hartmann et al., 2006). In plants, lectins may form part of a defence mechanism which

becomes activated in response to insect attack (Roopashree et al., 2006).

2.2 Types of lectins and their uses

2.21 Bacterial lectins

A well known opportunistic pathogenic bacterium, Pseudomonas aeruginosa, is associated
with diseases in immuno-compromised humans and in colonizing most patients with cystic
fibrosis. The important virulence determinants of the bacterium are the a-galactose (Galal-R)
binding lectin and the PA-I lectin/adhesin (PA-IL) that facilitates its adherence to the surface
epithelia and therefore cause defects in the cellular barrier, allowing toxins to penetrate the
barrier (Kirkeby et al., 2006). P. aeruginosa also has a Fuc>Man specific lectin designated
PA-IIL. It was found to be an important microbial agglutinin that could be involved in its

infections in humans (Wu et al., 2006).

A complex carbohydrate specific lectin was isolated and identified from the culture
supernatant of enteroaggregative Escherichia coli (EAEC T8 strain). The haemagglutinating
activity of this lectin on rabbit erythrocytes was inhibited by fetuin, thyroglobulin and





asialofetuin (Basu et al., 2004). A EAEC (T8 strain) was established as virulent because of
its association with persistant diarrhea among infants, travelers and AIDS patients. Like most
bacteria, E. coli has enterotoxins, most of which have the characteristics of lectins and the
first step of such toxins in initiating host damage involves the binding of the carbohydrate
part of the cell surface receptor to glycoconjugates (Basu et al., 2004). These carbohydrate-
binding bacterial toxins have been identified in various species like the Cholera toxin (CT)
and E. coli heat-labile toxin, Diphtheria toxin, Pseudomonas toxin, Shigella toxin, Tetanus
toxin and the Botulinum toxin (Basu et al., 2004).

2.2.2  Yeast lectins

A lectin-like theory was elaborated following the similarities in the behaviour of cell wall
proteins of yeasts referred to as ‘flocculins’. Like lectins, these proteins can recognize
carbohydrate ligands of neighbouring cells leading to aggregation of cells, a process termed
flocculation in yeasts and as in haemagglutination by lectins, flocculation is often dissociated
by sugars. The presence of several lectins involved in flocculation was demonstrated in
flocculent yeast, Kluveromyces bulgaricus strain (Maazouzi et al., 2005). A mannose specific
lectin was isolated from whole cells of the flocculant Saccharomyces cerevisiae (NCYC625
strain) in a study by Ngondi-Ekome et al. (2003). This factor agglutinated erythrocytes and

haemaglutination was specifically inhibited by mannose and mannose derivatives.

2.2.3  Mould lectins

Two types of lectins were found to be synthesized in the different developmental stages of
Pleorotus cornucopiae i.e. the fruiting body lectin designated PCL-F and the second one was
found in mycelial aggregates. Since P. cornucopiae is known to be a nematophagous fungus,
it was believed to be likely that PCL-F is involved in the capturing process of nematodes
(lijima et al., 2003).

In a study by Chumkhunthod et al. (2006), an N-acetyl-D-galactosamine (GalNAc)-specific
lectin, isolated from the edible mushroom Schizophyllum commune (SCL), showed high
affinity towards rat erythrocytes during haemaglutination assays and this was inhibited by
lactose and N-acetyl-D-galactosamine. Several lectins which posses antiproliferative

properties were isolated from Agaricus bisporus (Parslew et al., 1999) and those that show





immunomodulatory and antitumor properties from Volvariella volvaceae (Kiles and Liu,
2000).

2.2.4  Animal Lectins

Animal lectins are referred to as endogenous lectins and are classified into two types i.e. C-
type (Ca*" dependent) and the S-type (thiol-dependent, cation-dependent and generally
soluble) (Mody et al., 1995). It is believed that the single protein Charcot-Leyden crystals
(CLCP), was the first animal lectin to be discovered as it appeared to bind carbohydrates and
was designated galectin-10 (Kilpatrick, 2002). A family of lectins which were used in blood
groupings were discovered wherein the first group-A specific lectin of animal origin was
found in butter clam and later in snail Helix pomatia. The first anti-blood group B activities
were discovered in numerous species of the trout/salmon family whilst the highly specific
anti-B lectins were later extracted from the Scylla serrata and Charybdis japonica crabs
(Kilpatrick, 2002).

Lectins were acknowledged to have a functional significance in fertilization hence sexual
organs like sperms, eggs, ovum and albumin gland were suggested to be rich sources of
lectins. Katsuwonus pelamis lectin (KPL), for example, is a glycoprotein with a molecular
weight of about 140 KDa that was purified and characterized from unfertilized eggs of fish,
Katsuwonus pelamis (Jung et al., 2003) . This lectin specifically agglutinated human blood
type-A erythrocytes. A lactose specific lectin was also isolated from frog (Rana castebeland)

eggs (Jung et al., 2003).

2.25 Plant lectins

Plant lectins are divided into five groups according to the monosaccharide for which they
have the highest affinity i.e. D-mannose/D-glucose, D-galactose/N-acetyl-D-galactosamine,
N-acetyl-D-glucosamine, L-fucose and N-acetylneuraminic acid (Vasconcelos and Oliveira,
2004).

Plant lectins are, according to their molecular structure and evolutionary relationships, further
subdivided into seven major families i.e. amaranthins, chitin-binding lectins, cucurbitaceae

phloem lectins, jacalin-related lectins, legume lectins, monocot mannose-binding lectins and





type-2 ribosome-inactivating proteins (Huang et al., 2006). Lectins which agglutinate
erythrocytes from all blood groups (ABO) were found to exist in different parts of different
fruits and vegetables. Lectins which are similar to WGA (Wheat germ agglutinin) by
immunological, biochemical and sugar binding properties were found in barley and rice
(Chrispeels and Raikhelb, 1991). Chitin binding lectins were extracted from ripe tomatoes
(Lycopersicon esculentum) (LEA) and potato (Solanum tuberosum) tuber (STA) (Oguri,
2005).

The red kidney bean (Phaseolus vulgaris) carries lectins which are generally referred to as
phytohaemagglutinin (PHA) designated PHA-E, PHA-L and Pinto lectin. The lectins, PHA
are known to have cell agglutinating and mitogenic characteristics, hence PHA-E refers to
human erythrocytes (red blood cells) agglutination whilst PHA-L agglutinates the leucocytes
and lymphocytes (white blood cells) (Shi et al., 2007).

A chitin binding lectin designated STA is found in the potato (S. tuberosum) tubers. The
potato lectin which is not blood group specific agglutinates all human and animal
erythrocytes including bovine sheep, goat, horse, pig, cat, rat, mouse, guinea pig and rabbit.
The lectin, STA is specific towards oligomers of N-acetylglucosamine but haemaglutination
cannot be inhibited by GIcNAc (daSilva et al., 2005; Chumkhunthod et al., 2006).

2.3 Applications of lectins

Some plant lectins stimulate the immune system by unspecific activation of T-cells which
leads to proliferation of these cells whereas others cause agglutination of cells like
erythrocytes, an activity which makes these a helpful tool for blood typing (Khan et al.,
2002).

By virtue of their binding specificities, lectins have been utilized as reliable biochemical,
cytochemical and histochemical probes in research to detect differences in cell surface
glycoconjugates of non-malignant and malignant cells which could not be detected with
antibodies (Mody et al., 1995). Lectins are also used as cell markers for diagnostic purposes
or in cytology as observed in the study by Sujathan et al. (1996) wherein the N-Acetyl-p-
galactosamine specific jackfruit (Artocarpus integrifolia) lectin conjugated with horseradish





peroxidase was used to probe and consequently stain in order to differentiate normal from

neoplastic cells.

Some of the plant lectins are of therapeutic interest as these improve the immune system by
activating unspecifically the T-cells whilst others induce agglutination of cells. For this
reason, lectins from the European mistletoe, Viscum album, are being used in auxillary
cancer therapy and therefore cause an improved quality of life (Vornholt et al., 2007).
Bioadhesive drug delivery system was applied to the pharmaceutical sciences whereby the
ability of lectins to control the binding, uptake and intracellular transporting of
macromolecules was utilized (Bies et al., 2004). The bioadhesion via lectins can be applied
not only to the Gl tract but to other biological locations like blood-brain barrier, the buccal
cavity, the eye and the nasal mucosa (Bies et al., 2004). Wheat germ agglutinin (WGA) is
widely used in drug delivery research as it is one of the least immunogenic lectins (Sharma et
al., 2004). The lectin-mediated bioadhesion concept therefore has the potential for controlled
delivery of macromolecular biopharmaceuticals at relevant biological barriers, such as the
epithelia of the intestinal or respiratory tract (Lehr, 2000).

In affinity chromatography, lectins are used to separate and to purify glycoproteins, lipids,
polysaccharides, enzymes, antibody conjugates and membrane vesicles (Hartmann et al.,
2006).

2.4 Pterocarpus angolensis lectins

The leguminous plants, like Pterocarpus angolensis, are known for their high yields of
mannose/glucose specific lectins which are extracted mainly from the seeds. Lectins can also

be extracted at very low yields from other tissues of the plant (Loris et al., 2003).

2.4.1  Pterocarpus angolensis plant

P. angolensis is a leguminous plant that belongs to the pea or bean family (Fabaceae). It is a
deciduous tree that grows by spreading and has a slightly flat crown with a high canopy. It
grows as high as 15 meters and has a dark bark. In spring it produces in abundance, the
scented, orange to yellow flowers which are carried away in sprays. Its flowering period lasts
for two to three weeks. This tree produces characteristic pea-like flowers; hence, it belongs to





the subfamily Papilionoideae. The genus name was derived from its unusual seed pods, i.e.
pter which means ‘wing’ in Greek, whilst carpus means fruit’. The hardened seed case that
is located centrally is surrounded by a broad membranous wing, that is, why it is called ‘wing
fruit’ or Pterocarpus. The species name angolensis was derived from the geographic

location, Angola, the place where one of the four species is found in southern Africa.

2.4.2  Structure of PAL

The complete gene of P. angolensis lectin consists of a 34 amino acid signal sequence
preceding an ATG start codon and this leader sequence has a putative signal peptide cleavage
site between the serine and glutamine residues. The amino acid sequence of PAL was
observed to be different from those of other related Man/Glc- specific lectins. PAL is a
dimeric (Figure 2.1) protein with the size of about 56 KDa (Loris et al., 2004).

2.4.3  Carbohydrate binding site of PAL

The primary binding site of PAL is specific for glucose and mannose and is located in the
centre of a shallow groove on the surface of the protein. It was noted that PAL has two times
more affinity for Me-a-Man than for Me-a-Glc and has a two and a half fold higher affinity
for Man (al1-2)-Man than Me-o-Man (Loris et al., 2004). As in other Man/Glc-specific

legume lectins, PAL has a strict requirement for a-linkages (Loris et al., 2004).

Figure 2.1: A cartoon structure of P. angolensis seed lectin dimer illustrating two monomers (yellow
and orange). The light blue and the green spheres symbolize the manganese and calcium ions
respectively. The two bound molecules of Man (al-3) Man are represented as ball-and-stick
structures (Adopted from Loris et al., 2004).
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2.5 Expression of plant lectins in prokaryotic and eukaryotic organisms

A prokaryote (E. coli), is presently the most favoured starting host for the production and
expression of recombinant proteins owing to its fast growth rate, economical media and
adequately understood genetics. The disadvantages of prokaryotes, however, include protein
misfolding and precipitation, in addition, to the fact that there is intracellular production
which frequently presents the risk of inclusion body formation (Bordes et al., 2007; Burgess-
Brown et al., 2008). The important limiting factor against recombinant protein production in
bacteria is that bacteria cannot synthesize complex proteins which reach maturity by
undergoing post-translational modification, a process which renders the proteins active or
stable in vivo (Houdebine, 2008).

Most recent studies involved cloning a lectin gene in micro-organisms in order to obtain the
active recombinant protein in larger amounts (Stancombe et al., 2003; daSilva et al., 2005).
The pal gene was successfully cloned and expressed in E. coli (Chidzwondo, 2006).
Stancombe et al. (2003) cloned and expressed Erythrina cristagalli seed lectin in E. coli
(Top 10). The recombinant protein was functionally equivalent to the native E. cristagalli

lectin.

Yeasts, being eukaryotes, have an increased potential to synthesize and secrete large amounts
of matured recombinant eukaryotic proteins. An advantage of yeasts over bacteria is that
their subcellular organisation allows post-translational processing of complex eukaryotic
proteins (Houdebine, 2008; Madzak et al., 2004). Also, yeasts are unicellular organisms
which retain the same advantage of easy manipulation and growth capacity as bacteria
(Madzak et al., 2004). It was demonstrated in a study by daSilva et al. (2005), that
expression of a recombinant lectin KM+ was higher in S. cerevisiae yeast host, which
synthesized the highest quantities of soluble lectin that maintained the typical high mannose
oligosaccharide-binding properties of the native protein, than in E. coli.

S. cerevisiae was the first choice of eukaryotic microbial host for heterologous protein
expression but has shown a number of restrictions including limited number of signal
sequences, low production of secreted proteins and low biomass yields that are further

decreased by ethanol production in alcoholic fermentations (Nicaud et al., 2002).
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Yarrowia lipolytica is promising to be the most effective among the yeast hosts for
heterologous protein expression as it naturally secretes high levels of proteins and has a large

range of genetic markers and molecular tools (Madzak et al., 2004).

2.6 Post-translational modifications

Post-translational modification (PTM) refers to the chemical alteration of a protein following
translation thereby regulating its stability, folding, conformation, distribution, localization,
turnover, and interaction with DNA or other proteins (Zhang and Wang, 2008). It is one of

the last steps of protein biosynthesis.

Table 2.1: Examples of post-translational modification reactions and their target amino acid

residues in proteins

Amino acid residues

(functional reactive group)

Types of Modification

(enzymatic or non-enzymatic)

Serine/Threonine (-OH)
Cysteine (-SH)

Lysine (-e-NH,)

N-terminal of proteins (-o.-NHy)

Glutamine (-CONH,)
Tyrosine (-OH)

Methionine (-SCHj)
Tryptophan (indole ring)
Proline

Asparagine

Peptide-Lys/Arg-Lys/Arg-peptide

Peptide-Gly

Phosphorylation (enzymatic)

Thiolation and methylation (both enzymatic)
and oxidative modification (non-enzymatic)
Acetylation, biotinylation and hydroxylation
(all enzymatic)

Phenylation and pyroglutamylation
(enzymatic)

Deamination (non-enzymatic)

Nitration, Sulfation (non-enzymatic),
phosphorylation (enzymatic)

Sulfenylation via Oxidative modification
Oxidative modification

Hydroxylation (enzymatic)

Glycosylation and hydroxylation
(enzymatic)

Proteolytic cleavage (enzymatic)

C-terminal a-amidation (enzymatic)

Table acquired from Kumar and Prabhakar (2008).
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2.6.1  Glycosylation of proteins

Glycosylation is a complex form of post translational modification as several different
carbohydrates are covalently linked to the protein in either of the two major forms N- or O-
linked glycans (Lehle et al., 2006). The addition of a glycosyl group in glycosylation to
either asparagine, hydroxylysine, serine, or threonine, gives rise to a glycoprotein, hence a
glycoprotein is defined as a protein containing different sugar monomers which are mostly
branched (Conde et al., 2004; Lehle et al., 2006). Glycosylation is distinct from glycation,

which is regarded as a non-enzymatic attachment of sugars.
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Figure 2.2: Glycosylation of proteins in various organisms. The diagrams indicate the types
and number of carbohydrates binding the protein (Adopted from Wildt and Gerngross,
2005).

Glycosylation, a process of significance to cellular functions and interactions, is also an
important tool that contributes to protein function and folding, and is commonly observed in
various organisms (Figure 2.2). Proteins which enter the secretory pathway become
glycosylated when an oligosaccharide (GlcsMangGIcNAC;) from a dolichol-P-P derivative is

transferred to emerging polypeptide chains. This process takes place in the endoplasmic
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reticulum (ER) of eukaryotic organisms such as the yeasts S. cerevisiae and
Schizosaccharomyces pombe. Transfer of the oligosaccharide occurs at the Asn units in
emerging polypeptide chains which is normally followed by removal of the glucose units to
yield ManygGIcNACc, Demannosylation may continue to take place in S. cerevisiae but not in
S. pombe ER (Parodi, 1999). There are two main forms of glycosylation depending on where
the oligosaccharide is attached. Glycosylation will be referred to as O-glycosylation when
the attachments are at the Ser (Thr) units and it is termed N-glycosylation when attachments
are at the Asn units of the nascent polypeptide chains (Gabius et al., 2002).

As a result of glycosylation, an increase in protein stability due to resistance to proteolysis is
often observed. Protein solubility is also often improved by glycosylation (Rosenfeld et al.,
2007). Glycosylation can significantly alter protein conformation and as a consequence
amend the functional activity of a protein as well as protein/protein interactions (Geyer and
Geyer, 2006). Due to what these post translational modifications bring about, it is highly
important to continuously analyze the glycosylation patterns of recombinant glycoproteins
produced by different expression systems (Geyer and Geyer, 2006).

Four types of glycosylation pathways have been studied i.e. N-linked glycosylation,
glycosylphosphatidylinositol (GPI)-anchor, protein O- and C-mannosylation. Failure for GPI
biosynthesis to occur results in cell death as is the case in a well studied yeast, S. cerevisiae
(Maeda and Kinoshita, 2008).

Glycosylation of proteins in eukaryotes is thought to play an important part in various
processes like transport, maintenance of protein, cell recognition and adhesion in addition to
protein folding and stability. From the various types of protein glycosylation, N-
glycosylation gained increased attention owing to its high frequency and most importantly
because the numerous biochemical steps involved in this process are common between yeast
and humans (Conde et al., 2004). These conserved steps were observed in the membrane, or
the lumen of the endoplasmic reticulum and was found to belong to one of the three
processes which are illustrated in Figure 2.3 below as (i) assembly of the predecessor
oligosaccharide, GInNAc,-MangGlcz on dolichol-phosphate (PP), (ii) transfer of the
oligosaccharide to the newly synthesized protein acceptor and (iii) trimming of the three

glucose residues and one mannose (Conde et al., 2004).
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In humans, the congenital underglycosylation of proteins was found to cause severe health
problems in children and this was found to result in multisystemic interference with normal
development of the brain as well as functions of the nerve, liver, stomach and intestinal
systems. This disease is known as congenital disorder of glycosylation (CDG- syndrome).

This indicates that biologically, protein glycosylation is important (Lehle et al., 2006).
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Figure 2.3: lllustration of protein glycosylation as it occurs around the endoplasmic reticulum.
Adopted from http://www.mun.ca/biochem/courses/3107/Topics/Folding_etc.html, date: 23.02.2009.

2.6.2  Glycosylation of lectins

A recombinant Nicotiana tabacum lectin expressed in methylotrophic yeast Pichia pastoris
was found to be glycosylated as opposed to the native, non-glycosylated, nucleocytoplasmic
plant lectin (Lannoo et al., 2007). It was demonstrated that glycosylation following
heterologous expression in E. coli did not affect the carbohydrate specificity of the
recombinant Erythrina corallodendron lectin (Kulkarni et al., 2004). Again, Sinha and

Surolia (2007) observed that the recombinant unglycosylated form of Soybean agglutinin
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(rSBA) protein, is less stable than the native glycosylated Soybean agglutinin (gSBA), a

tetrameric legume lectin with glycosylated subunits,

2.6.3  Glycosylation in Y. lipolytica

Non-conventional yeasts, especially Y. lipolytica, appeared to have glycosylation patterns
which are closer to that of mammals i.e. the high mannose type of glycosylation as opposed
to that of S. cerevisiae (Madzak et al., 2004). Heavy hyperglycosylation has not been
reported, only a reasonable overglycosylation of the secreted recombinant invertase protein
by Y. lipolytica was observed in the range of additional 10 KDa for a value which did not
alter the activity of the protein (Madzak et al., 2004).

2.7 Codon optimization for heterologous expression

Heterologous gene expression often starts with the gene of interest being either cloned from
cDNA libraries or amplified by PCR from the organism of interest. It has been observed that
cloning the amplified gene into an expression vector does not always yield expression or
may do so at very low levels (Gustafsson et al., 2004). To improve expression, factors like
optimization of host growth conditions and development of new host strains, organisms and
cell free lysates were explored. The important primary problem is overlooked in most cases,
i.e. the fact that the DNA sequence used to encode a protein in one organism is frequently
different from the sequence that would be preferred by the host organism to encode the same

protein (Gustafsson et al., 2004).

It is known that 64 codons found in the universal genetic code, code for 20 different amino
acids. It is due to the degeneracy of the genetic code that one amino acid may be coded by
more than two codons (Zhou et al., 2007). It was found in a comparative codon usage,
analytic study between different poplar species by Zhou et al. (2007) that CCT and ACT
coding for proline (Pro) and threonine (Thr) were the preferred codons for Populus
tremuloides and Populus tomentosa whilst CCA and ACA for Pro and Thr, respectively,

were the preferred codons in Populus deltoides and Populus trichocarpa.

In a study whereby mammalian proteins (phosphatidylcholine transfer protein and mouse c-

Fos proteins) were expressed in E. coli, expression levels were improved from undetectable
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levels from native genes to between 10 and 20 % of total E. coli soluble protein from
optimized genes (Gustafsson et al., 2004). In codon optimization for improved expression,
the non optimal codons in the foreign gene can be substituted with codons which correspond
to the more abundant tRNA species. A software that calculates a codon optimized sequence
of any gene of interest was created and the outcomes of the software are based on the

knowledge of highly expressed genes of a host organism (Fuglsang, 2003).

2.8 Molecular tools for gene expression in E. coli, S. cerevisiae, Y. lipolytica and A.

niger

2.8.1 Gene expression in E. coli (Top10)

The recombinant expression vector pBAD/Myc-HisA (Figure 3.1), carrying the pal gene was
derived from pBR322 and designed to regulate dose-dependent recombinant protein
expression and purification in E. coli. Succesful soluble protein expression has been
achieved in the absence of glucose and under the control of the L-arabinose inducible
promoter (araBAD promoter also designated Pgap) (Newman and Fuqua, 1999).
Heterologous expression of P. angolensis seed lectin in E. coli was achieved by cloning the
mature gene into the pBAD/Myc-HisA vector in a study by Chidzondwo (2006). The AraC
gene is necessary for encoding of the regulatory protein that helps in the regulation of the
Peap promoter. Ampicillin resistance gene (B-lactamase) allows for selection of the
recombinant E. coli whilst pBR322 origin regulates low copy replication and growth in E.

coli.

2.8.2  Gene expression in S. cerevisiae (INVIScl)

The pYES expression vector system (pYESDEST52-Invitrogen) was used to heterologously
express in S. cerevisiae strain INViSc (Invitrogen), the mannose binding lectin (designated
KM-+) gene originating from the seeds of A. integrifolia (daSilva et al., 2005). The inducible
vector, pYES2/CT (Figure 3.3) allows expression under the control of the yeast GAL1
promoter by galactose and repression by glucose. Selection of S. cerevisiae INVIScl
transformants is regulated by URA3 auxotrophic marker whilst that of E. coli is by
ampicillin resistance gene. The 2 origin is used for maintenance and high copy replication.
The diploid strain INVIScl is auxotrophic for histidine, leucine, tryptophan and uracil hence

17





the phenotype; His’, Leu, Trp, Ura and the genotype; his3A1/his3A1 leu2/leu? trpl-
289/trp1-289 ura3-52/ura3-52. The INVIScl strain does not grow in selective minimal
media lacking histidine, leucine, tryptophan or uracil (Invitrogen, pYES2/CT, pYES3/CT
and pYC2/CT, manual).

2.8.3  Gene expression in Y. lipolytica (PO1f)

Traditionally, S. cerevisiae was the preferred host for heterologous expression and
production owing to the huge quantity of genetic understanding accumulated over the years
on this organism. However, the use of S. cerevisiae was found to be limited by factors like
low product vyield, poor stability of plasmid, difficulties in improving production,
hyperglycosylation and low secretion abilities (Madzak et al., 2004). On comparative
exploration of alternative yeast systems by some laboratories, a non-conventional yeast Y.
lipolytica was found to be the more attractive host in terms of performance reproducibility.
The non-pathogenic hemiascomycetaceous yeast was classified as GRAS (generally
regarded as safe) by the Food and Drug Administration (FDA). The wild type of Y. lipolytica
is distinguished for its ability to naturally secrete several proteins extracellularly i.e. two
proteases (alkaline AEP and acid AXP), several lipases, phosphatases, RNase and an esterase
(Madzak et al., 2004, Barth and Gaillardin, 1997).

The strain used in this study, Polf has the genotype MatA, leu2-270, ura3-302, xpr2-322,
and axpl-1. The Polf strain was further modified by deletion of extracellular acid protease
and allowing non-homologous integration of a yeast cassette from an autocloning vector
(Madzak et al., 2004). Using auxotrophic markers like LEU2 and URA3, was found to be the
best choice for selection in Y. lipolytica. The defective marker urad4, retaining 6 bp
upstream from the ATG sequence was used for multiple integrations in the production of
homologous and heterologous proteins (Madzak et al., 2004). Stability of integrated plasmid
vectors was found to be high wherein three integration targets were tested i.e. tandemly
repeated sequences of rDNA, dispersed repeated sequences (YItl transposon), and single-
copy genes ( XPR2) (Madzak et al., 2004). The different types of elements used in Y.

lipolytica expression and secretion vectors, are described (Table 2.2).

The expression vectors, pKOV410 and pINA1293 both carry the Lip2 signal peptide, Lip2
terminator, a growth dependent (quassi-constitutive) promoter hp4d, a defective marker
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urad4 for multiple integration and a kanamycin antibiotic resistance gene for selection in E.

coli. The only difference between the two expression vectors is the integration targets or

tandemly repeated sequences of which 26S rDNA is found in pKOV410 whilst the long

terminal zeta repeats are found in pINA1293.

Table 2.2: Elements for Y. lipolytica expression/secretion vectors

Component

Characteristics

Marker genes

LEU2, URA3, LYS5, ADE1
Ura3d4 (Y. lipolytica)
Phleo®, hph (E. coli)
SUC2 (S. cerevisiae)

Promoters (source)

pLEU2 (B-isopropylmalate dehydrogenase)

pXPR2 (alkaline extracellular protease)

pPOX2, pPOT1 (acyl-CoA oxidase 2 and
3-0x0-acyl-CoA thiolase)

pICL1 (isocitrate lyase)

pPOX1, pPOX5(acyl-CoA oxidases 1 and 5)
pG3P (glycerol-3-phosphate dehydrogenase)
pMTP (bidirectional: metallothioneins 1 and 2)
hp4d (hybrid promoter derived from pXPR2)
pTEF, pRPS7 (translation elongation factor-

la, ribosomal protein S7 respectively)

Secretion signals
Native
XPR2 prepro

XPR2 pre + dipeptide
XPR2 pre

LIP2 prepro

site

Auxotrophy complementation
Defective marker for multiple integration
Phleomycin and hygromycin B resistance respectively

For sucrose utilisation

Inducible by leucine precursor
Inducible by peptones
Inducible by fatty acids and derivatives and n- alkanes

Inducible by fatty acids and derivatives, alkanes,
ethanol and acetate

Weakly inducible by alkanes

Inducible by glycerol

Inducible by metallic salts

Growth-phase dependent (quassi-constitutive)

Constitutive

Frequently efficient in Y. lipolytica

13 aa pre/10 XA or XP dipeptides/122 aa pro/KR
cleavage site

13 aa pre/5-10 XA or XP dipeptides

13 aa pre/LA cleavage site

13 aa pre/4 XA or XP dipeptides/10 a pro/KR cleavage
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Terminators
XPR2t, LIP2t, PHOS5t 430, 150 and 320 base pair fragments respectively
Minimal XPR2t PCR-synthesized 100 base pair fragment with added

restriction sites

Elements for maintenance in yeast cells

ARS18, ARS68 Autonomously replicative vectors can maintain only 1-3
copies/cell
Homology to genome Homologous integration (in LEU2, URA3, XPR2

terminator, rDNA, or when present, in zeta or pBR322
docking platform)
Zeta (YIt1 LTR) Non-homologous integration in Ylt1- devoid

strains

Keys: aa, amino acids; X, any amino acid; A, alanine; P, proline; K, lysine; R, arginine; L, leucine
(Acquired from: Madzak et al., 2004).

The hp4d promoter that is known to be independent of environmental conditions like
pH, peptones, carbon and nitrogen sources in both pKOV410 and pINA1293 vectors is
known to be switched on at the onset of stationary phase in practically any medium
(Madzak et al., 2004).

2.8.4  Gene expression in Aspergillus niger

Aspergillus niger was granted a generally regarded as safe (GRAS) status by the FDA.
A. niger is capable of naturally secreting very high levels of some proteins into the
culture medium and has the ability to carry out eukaryotic post-translational
modifications, including proteolytic processing as well as protein glycosylation
(Storms et al., 2005). It was found to be difficult to obtain high levels of expression
necessary for commercial reasons for some homologous proteins and most
heterologous proteins (Storms et al., 2005). Industrially, the use of A. niger as a host
for heterologous protein expression had limited success, owing to the fact that there are
few plasmid vectors available which in turn limit the development of strains

appropriate for protein production (Storms et al., 2005).
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Proteases are contributing to the limitation of homologous and heterologous protein
production by A. niger and other filamentous fungi (van den Hombergh et al., 1997b).
Bioprocessing steps like downstream processing at reduced temperatures, the early
separation of product and proteases or the application of protease inhibitors reduced
proteolysis but did not eliminate the problem as a lot of degradation takes place in vivo

during protein production (van den Hombergh et al., 1997b).

Strains of A. niger that show improved foreign protein secretion have since been
developed and this paved the way for a study wherein production of humanized

immunoglobulin antibodies was carried out in A. niger (Ward et al., 2004).

In a study by Bojsen et al. (1999), pPBARMTEL was used to clone and to express the
McAglll gene coding for a lyase enzyme isolated from a fungi, Morchella costata in A.
niger. An expression vector pPBARMTE1L (Figure 3.4) carries the methyl tryptophan
promoter (mtr) from Neurospora crassa and the Aspergillus nidulans trpC terminator
along a polylinker with 6 unique restriction sites.

The bar gene which codes for phosphinothricin (PPT) and located between the trpC
promoter and trpC terminator (Figure 3.4), was initially developed as a marker for
genetic transformation of plants. It was later observed that some plants like vegetable
and cereal crop species had developed resistance to PPT, a factor which enabled it to be
regarded as selective herbicide (Ahuja and Punekar, 2008). The bar gene was
introduced to fungal organisms as a dominant marker initially in N. crassa, and
subsequently in several fungi and the transformants carrying the gene were selected on
media supplemented with PPT (Ahuja and Punekar, 2008).

Procedures for the genetic manipulations of S. cerevisiae and E. coli were mostly
facilitated by the discovery of native plasmid DNA’s, which were unavailable in
Aspergilli and this lead to attempts to construct artificial plasmids by researchers
(Lubertozzi and Keasling, 2009). The delay in the development of transformation
techniques for Aspergillus and other filamentous fungi was due to the complexity of the

multicellular morphology and thick chitinous cell walls in addition to lack of plasmids.
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In a study by Storms et al. (2005), integrating and autonomously replicating plasmids
were constructed for various uses like protein expression (e.g. ANIp1, ANIp4, ANEp1l,
ANEp5, ANEp7 and ANEpS8), for studying gene expression (e.g. ANIp2, ANIp5,
ANEp2, ANEp3, ANEp4 and ANEp6) and for genome manipulations (e.g.
PNKYpyrG). The constructed plasmid carried both the reporter gene cassette (either
LacA, GlaPr or PkiPr) and a selectable marker cassette i.e. PyrG (Storms et al., 2005).

It has always been a target or goal to improve the production levels of recombinant
proteins in the filamentous mould A. niger. Liu et al. (2003), used a pGT10 vector for
the expression of the glucoamylase gene. A pUC19 based vector, pGT10 that carried a
T21 glucoamylase promoter and a trpC terminator of A. nidulans, was constructed for
expression and selection of heterologous genes in filamentous fungi (Liu et al., 2003).
So far, the chemical treatment of nucleated protoplasts obtained by enzymatically
digesting the fungal cell walls was found to be the most popular method of A. niger
transformation. Other methods which can be employed to transform A. niger include
electroporation and biolistic technique as well as the use of Agrobacterium tumefaciens

commonly used in plant transformations (Lubertozzi and Keasling, 2009 ).
With ongoing studies, Aspergillus strains will soon be engineered to perform multiple

reactions in a consolidated process (Lubertozzi and Keasling, 2009), hence the

construction of the A. niger expression vector.
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CHAPTER 3
MATERIALS AND METHODS
3.1 Materials

3.1.1 Pterocarpus angolensis seed lectin and molecular tools

P. angolensis seed lectin (PAL) dissolved in saline azide solution (0.9% NaCl and 0.02% NaN3) was
obtained from the Biotechnology Research Unit (University of Limpopo, Turfloop Campus) and
stored at -20 °C. The pal gene (the gene that codes for PAL) inserted in the pBAD/Myc-HisA vector
was donated by Dr. F. Chidzondwo from University of Zimbabwe, Harare, Zimbabwe. Escherichia
coli Top 10 cells were obtained from the Department of Biochemistry, Microbiology and
Biotechnology (University of Limpopo, Turfloop Campus) culture collection. Saccharomyces
cerevisiae (strain INVIScl) and the expression vector pYES2/CT were purchased from Invitrogen,
Paisley, Scotland. Aspergillus niger (strain FGSC A733) and the expression vector pPBARMTE1 were
acquired from Fungal Genetics Stock Centre (FGSC), Kansas City, Missouri. The Y lipolytica codon
optimised gene was synthesized at Geneart, Regensburg, Germany. The strain Y. lipolytica (PO1f),
the Y. lipolytica expression vectors (pKOV410 and pINA1293) and the sequencing forward primer
pKOV410 seq-1F and reverse primer pKOV410 seg-1R were obtained from the Council for Scientific
and Industrial Research (CSIR), Biosciences Division, Pretoria. Rabbits were kept at University of

Limpopo, Turfloop Campus, Animal Unit.

3.1.2 Equipment

Equipment used in this study was;

Applied Biosystems Veriti 96 well Thermal cycler, Beckman Coulter Allegro X 22R centrifuge,
Beckman Coulter DTX 880 Multimode Detector Microplate Reader, BIO-DOT® SF (Slot format)
apparatus, BIO-RAD BioLogic LP chromatography system apparatus,

Bio-RAD Mini Trans-Blot ®, Sigma Techware PS250-2 SDS-PAGE apparatus, Speedy Autoclave
(vertical type).

23





3.2 General methods

3.2.1 Preparation of competent cells

Transformation of E. coli cells was carried out according to Sambrook and Russell (2001). This
procedure requires that the cell membrane should be permeable for effective diffusion of DNA into
the cell thus making it a competent cell. To prepare competent cells, 100 ml of LB broth in a 1000 ml
flask was inoculated with a single E. coli colony picked from LB agar plate incubated for 16-20 hours
at 37 °C. The culture was incubated for 3 hours or until the ODggonm Was 0.4. Bacterial cells (50 ml)
were transferred to sterile, ice-cold 50 ml centrifuge tubes and cooled by storing on ice for 10
minutes. The cells were then recovered by centrifugation at 1500 x g for 10 minutes at 4 °C. The
medium was decanted from the cell pellets and the tubes were inverted on a pad of paper towels for a
minute to let the last traces of media drain away. Each pellet was resuspended by gently vortexing in
30 ml of ice cold LB MgCl,-CaCl, (80 mM-20 mM) solution. Recovery of cells was done by
centrifugation at 1500 x g for 10 minutes at 4 °C. The supernatant was discarded and the tubes were
inverted on a pad of paper towel. The pellet was resuspended in 2 ml of ice-cold 0.1 M CaCl, and 200
pl of the competent cells were used in the transformation experiments. In order to prepare frozen
stocks of competent cells, 70 pl of DMSO was added to 2 ml of the resuspended competent cells and
mixed by swirling before storing the suspension on ice for 15 minutes. The previous step was
repeated by adding 70 pl of DMSO and incubating on ice. The suspension was aliquoted and snap

frozen by immersing the closed tubes in liquid nitrogen followed by storage at - 80 °C.

3.2.2 Determination of vector DNA to insert ratios

In ligation, the vector DNA to insert ratio varies from one vector to another based on the size in base
pairs of the vector and of the insert as well as on the amount of the vector DNA to be used. To
determine the ratios the following procedure acquired from Protocols and Applications Guide

(Promega, 1996) was followed:
First the ratio of vector to insert by size = size of vector (bp)/size of insert (bp)

Then the amount of vector to be used (ng) is decided upon.

Amount of insert = amount of vector/ratio
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Example: If the size of the vector is 1000 bp and that of the insert is 250 bp, then
The vector: insert ratio = size of vector (bp)/size of insert (bp) = 1000/250 = 4

If the amount of vector to be used is 100 ng, then

Amount of insert =100/4 = 25 ng

Therefore for a 1:1 ratio, 100 ng of vector is used with 25 ng of insert.

3.2.3 Transformation of competent E. coli cells

In order to transform the competent cells by calcium chloride method (Sambrook and Russell, 2001),
10 pl (50 ng-100 ng) of recombinant DNA was added to 200 pl of competent cells on ice in a 1.5 ml
Eppendorf tube. This was gently mixed by swirling, followed by incubation on ice for 30 minutes.
The tubes were heat shocked by incubating for 90 seconds in a circulating water bath set at 42 °C.
The tubes were rapidly transferred to an ice bath and allowed to chill for 1-2 minutes. To each tube,
800 pul of LB medium was added followed by incubation for 45 minutes in a water bath set at 37 °C to
recover the bacteria and to express the antibiotic resistance marker encoded by the vector. The
transformed competent cells (100 ul) were spread plated on selective media LB/Amp (LB agar

supplemented with 60 pug/ml of ampicillin) and incubated for 16-20 hours at 37 °C.

3.2.4 Purification and maintenance of clones

Each colony was purified by streaking onto LB agar plates supplemented with 50 -100 pg/ml of
ampicillin and numbered. For storage, the transformants were grown to saturation (to an ODgg Of 1-2
after approximately 12 -16 hours) in LB/Amp broth. In a sterile laminar flow, 850 pl of culture was
aseptically added to a sterile cryovial containing 150 pl of sterile glycerol. The glycerol stocks were

mixed by vortexing and snap frozen in liquid nitrogen then stored at — 80 °C.

3.2.5 Isolation of plasmid DNA by alkaline lysis

To isolate the recombinant DNA from transformants, the plasmid isolation method as outlined in
Sambrook and Russell (2001) was used. To prepare the seed culture, 2 ml of LB/Amp was inoculated
with a single colony of transformed E. coli. The culture was grown overnight with vigorous shaking

(200 rpm) at 37 °C. The culture (1.5 ml) was transferred into a sterile Eppendorf tube and centrifuged
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at 13000 rpm in a microcentrifuge for 30 seconds at 4 °C. The supernatant was removed by aspiration.
The pellet was resuspended in 100 pl of ice cold alkaline lysis solution I (50 mM glucose, 25 mm Tris-
HCI, 10 mM EDTA, pH 8.0) and vigorously vortexed to lyse the cells. To the lysed bacterial
suspension, 200 pl of freshly prepared alkaline lysis solution Il (0.2 M NaOH, 1% SDS) was added
and the contents were mixed by rapidly inverting the tube about five times followed by storing on ice.
To the viscous bacterial lysate, 150 ul of ice cold alkaline lysis solution 111 (5 M potassium acetate (60
%), 11.5% glacial acetic acid in distilled water) was dispersed by gently inverting the tube several
times. The tube was stored on ice for 3-5 minutes. The bacterial lysate was centrifuged at 13000 rpm
in a microcentrifuge for 5 minutes at 4 °C and the clear phase was transferred to a sterile Eppendorf
tube. The nucleic acids in the supernatant were precipitated by adding 2 volumes of ethanol, mixed
and allowed to stand for 2 minutes at room temperature. The precipitated nucleic acids were collected
by centrifugation at 13000 rpm in a microcentrifuge for 5 minutes at 4 °C. The supernatant was
removed by gentle aspiration and the tubes were inverted on a paper towel to drain away the excess
fluid. To wash the DNA pellet, 1 ml of 70% ethanol was added to the tube and mixed by gently
inverting the tube several times. The DNA was recovered by centrifugation at 13000 rpm in a
microcentrifuge for 2 minutes at 4 °C. To dry the pellet, the open tube was stored at room temperature
until no trace of fluid was visible. The DNA was dissolved in 50 pl of TE buffer (10 mM Tris-HCI, 1
mM EDTA, pH 8.0)

3.2.6  Extraction of DNA from agarose gel

In order to extract and to purify amplicons and DNA fragments from agarose gels, a DNA fragment
was excised from a 0.8% agarose gel and purified using a QIAquick gel extraction kit (QIAGEN
GmbH, Hilden, Germany) according to the manufacturer’s instructions as follows: All the
centrifugation steps were carried out for 1 minute at 13000 rpm in a microcentrifuge at room
temperature. For every 100 mg of agarose block, 300 pl of buffer QG was added. This was incubated
at 65 °C for 10 minutes with vortexing every 2.5 minutes. The yellow solution was transferred to a
spin column placed in a 2 ml collection tube and centrifuged and the flow through was discarded. To
the spin column, 500 ul of buffer QG was added and following centrifugation 750 ul of buffer PE
was added. Buffer PE was removed by centrifugation which was repeated to clear the column of any
trace of buffer PE. The spin column was placed inside a 1.5 ml Eppendorf tube and about 30 — 50 pl
of elution buffer (EB) was added to the centre of the spin column and this was left to stand for 2
minutes. The DNA was eluted by centrifugation, quantified as outlined in section 3.2.7 and stored at -
20 °C until further use.
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3.2.7 Manual quantification of DNA

To determine the concentration of DNA in solution, 10 ul of DNA solution was combined with 990 ul
of sterile distilled water to obtain a 100X dilution. The absorbance of the diluted DNA sample was
measured at OD2gonm and ODogonm against distilled water blank. The concentration of DNA is
determined from the known factor that an ODggonm of 1 is equivalent to 50 pg/ml. In order to
determine the purity of the DNA, the ratio of OD260nm/OD2gonm Was determined. The resulting

acceptable value was expected to range from 1.8-2.0.

3.3 Specific methods

3.3.1 Assaying for lectin activity

The P. angolensis seed lectin was obtained from Biotechnology Research Unit (University of
Limpopo, Turfloop Campus) in saline azide solution. To confirm that the purified fragment represents
a lectin, the lectin activity of the fraction was determined using the haemagglutination assay
(Echemendia-Blanco et al., 2009). This was performed by first adding 25 pl of saline-azide (0.9%
NaCl, 0.02% NaNs) with metal ions (Ca**, Mg®*and Mn®") to each of the wells of a 96 well round
bottom plate. All twelve wells of each row were used per sample. To the second well, 25 pl of the
sample was added followed by serial dilution to the last well. A 4% rabbit erythrocytes solution (50
ul) was added to all the wells and the plate was incubated at room temperature for 1 hour. The lectin
activity was identified in the wells in which the suspension of erythrocytes in solution was observed

as compared to the formation of erythrocytes pellet at the bottom of the well in a negative control.

3.3.2 Generation of rabbit polyclonal antisera against PAL

In order to produce antibodies against PAL, two rabbits of about 2.5 kg each were immunized with
pure PAL. Equal amounts of PAL (200 pug/ml in saline azide) and Freund’s complete adjuvant (FCA)
were mixed and 1 ml of the mixture was used to immunize each rabbit. Using a 1 ml syringe and a
21G needle, two hundred and fifty microliters of PAL/FCA mixture was administered intramuscularly
into each of the thighs followed by subcutaneous injection of 500 ul at four points on the shoulder
region. Similarly, Freund’s incomplete adjuvant (FIA) was combined with pure PAL and used to

boost the immunization every second week for eight weeks.
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Following immunizations, about 10 ml of blood was collected from the central or marginal ear veins
of the rabbit by bleeding 5 to 6 days after the final immunization (week 8) into a 50 ml Falcon tube
which was allowed to stand at room temperature for at least 1 hour. After clotting of blood cells,
serum was collected by decanting and centrifugation for 30 minutes at 193 x g at 4 °C. The anti-PAL

anti-sera were collected into new tubes and stored at -20 °C for further processing and use.

Ouchterlony double immunodiffusion assay was used as a simple and quick method of detecting anti-
PAL antibodies in immune sera. This was performed by loading about 20 ul each of PAL, anti-PAL
anti-sera and pre-immune sera in wells punched 10 mm apart in a triangular arrangement on a 1%
agarose gel in PBS (pH 7.4) cast on a microscope slide. The gel was incubated overnight in a moist
chamber at room temperature. A precipitin line occurs when a diffusing purified PAL reacts with anti-

sera containing the anti-PAL antibodies.

3.3.3 Transformation of E. coli Top 10 using pBAD/Myc-HisA-pal

About 50 -100 ng of pBAD/Myc-HisA-pal DNA was used to transform the competent E. coli cells
using the heat shock method (section 3.2.3). Competent cells were prepared according to section
3.2.1. The number of transformants growing on ampicillin selective media was counted and the

transformation efficiency was calculated as follows:

Transformation efficiency = Number of transformants x Dilution factor

Amount of DNA (ug) used in transformation

3.3.4  Screening of transformants by PCR

To purify transformants, randomly selected transformants were streaked on LB agar plate
supplemented with ampicillin. The cells had to be denatured to obtain the cell lysate which was used
in screening for recombinants using PCR. Each transformant was resuspended in 200 pl of sterile
distilled water, mixed by vortexing and then lysed by heating in a boiling water bath for 5 minutes
and 1 ul of the cell lysate was added to a PCR reaction mixture. The pBAD/Myc-HisA-pal vector was
used as a positive control in all PCR reactions whereby a 1 pul of the vector solution was added to the
PCR mixture. Since all restriction sites, from the Ncol to the EcoRlI site on the multiple cloning site of

pBAD/Myc-HisA (Figure 3.1) were removed in the original cloning that introduced the Mukwa seed
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lectin gene into pPBAD/Myc-HisA, restriction sites had to be reintroduced into the vector. The cell
lysate from transformants were subjected to PCR amplification using the gene specific primers
designed so that the Kpnl restriction site was introduced on the amplicons as follows: The restriction
site Kpnl was reintroduced to effect the removal of the gene from the Mukwa clone and to allow
ligation into the yeast and filamentous fungi vectors i.e. pYES2/CT and pPBARMTEL, respectively.
The forward and reverse primers were as in Muk-24 and Muk-25 (Chidzondwo, 2006) except that the
Kpnl site was added in the 5’ site of Muk-24, with further addition of an ATG start codon. The Muk-
24 primer was designed from the 5’ end of the antisense (complementary) strand of the pal gene

whereas Muk-25 was designed from the 3’ end of the sense (template) strand.

SSSS=ST%-3%%
== SE
EROFIASLSTHR
PBabp ATG MCS myc 6xHis gterm

pBAD/Myc-His
A,B,C
4.1 kb

Figure 3.1: A map of pBAD/Myc-HisA, B, C vectors. The special features represented on the
map include the multiple cloning site (MCS) from which the pal gene was inserted, araBAD
promoter (Pgap) Which regulates heterologous gene expression and ampicillin resistance gene

which allows selection of transformants

(Acquired from: http://clone.concordia.ca/mimosa/pbad_manual.pdf).

The reverse primer Muk-25 (5-GGGAATTCTAAGCAGTGTACAACAAGGTTGAGGT-3’) that
was designated as Muk25 and the forward primer Muk-24 (5'-
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GATTCCCTTTCCTTCGGCTTCCCTA-3") (Chidzwondwo, 2006) designated Muk24/Kpnl, were
added to the PCR reaction mixtures (Table 3.1) for the amplification of the pal gene.

Table 3.1: Composition of a 50 pl PCR reaction mixture for detection of pal gene in

pBAD/Myc-HisA-pal transformants

Reagent Volume Final concentration
Sterile distilled water 38 ul
PCR buffer 10X 5ul 1X
dNTP’s (5 pM) 4l 02 M
Forward primer (5 uM) 0.25 ul 0.1-1.0 uM
Reverse primer (5 pM) 0.25 pl 0.1-1.0 yM
Taq DNA polymerase 1.5l 1-5 units/100 pl
Lysate 1l 137 ng

The conditions for a PCR reaction using cell lysates from E. coli transformants were set as in
Table 3.2 in Applied Biosystems Veriti 96 well Thermal cycler.

Table 3.2: PCR reaction conditions for amplification of pal gene in E. coli transformants

PCR step Temperature (°C) Time (seconds)
Initial denaturation 94 120
20 cycles of Denaturation 94 30
Annealing 68 30
Extension 72 30
Final extension 72 600

From the reaction mixture, 10 pl of both the transformants and the positive control mixtures were

electrophoresed on a 0.8% agarose gel and visualized using a UV trans-illuminator. The positive
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clones were identified by observing the presence of a DNA fragment corresponding to that of the

positive control.

The vector DNA was isolated from the overnight culture of a positively identified clone using the
manual plasmid DNA isolation method as detailed under methods (section 3.2.5). The pBAD/Myc-
HisA-pal DNA was included as a positive control for PCR reactions in which Muk24/Kpnl and
Muk25 primers were used. Bands of pal amplicons were excised from agarose gel using a sterile
blade and purified according to the manufacturer’s instructions as outlined in general protocols

(Section 3.2.6).

3.3.5 Expression of pal gene in E. coli

As an initial stage in the expression of pal gene in E. coli, a colony from one of the purified
pBAD/Myc-HisA-pal clones maintained on LB-ampicillin agar plates was grown in 10 ml LB broth
supplemented with 50 pg/ml of ampicillin to mid-log phase in universal bottles at 37 °C and low
agitation. To induce and to optimise expression of pal gene, L-arabinose was added in varying
concentrations (0.02%, 0.2% and 2%) to the culture at mid-log phase. After the induction, 1 ml of
sample was collected at 4 hour intervals and this was centrifuged for 1 minute at 13000 rpm in a

microcentrifuge to recover cells. The pellet was stored at 4 °C until all samples were collected.

3.35.1 SDS-PAGE analysis of recombinant PAL

To analyse the expression of PAL, 12.5% and 15% gels were prepared according to Laemmli (1970).
Equal volumes of the protein samples and sample buffer were mixed and incubated for 5 minutes in a
boiling water-bath to denature the protein. The samples and the protein molecular weight markers
were loaded on SDS polyacrylamide gel and electrophoresed at 100 V for 60 minutes using a BIO-
RAD, Mini PROTEAN system. Protein molecular weight markers were electrophoresed on the same
SDS-PAGE gel for estimation of the molecular weights of samples. The gels were stained by
immersing in 0.1% Coomassie Brilliant Blue R250 (w/v) in 40% methanol (v/v) and 10% acetic acid
(v/v) for at least 1 hour at room temperature and were destained by boiling in excess of water to

visualize the protein bands.
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3.35.2 Western blotting

Transfer of proteins from the SDS-PAGE gel onto a nitrocellulose membrane was carried out as
follows; a piece of nitrocellulose membrane, the same size as the gel was cut and soaked in transfer
buffer (25 mM Tris, 192 mM Glycine and 10% Methanol) for 5 minutes. A blot absorbent filter
paper, a size slightly bigger than the nitrocellulose membrane, was cut and placed in transfer buffer
along with the foam pads. The nitrocellulose membrane was placed on 2 pads of moistened filter
paper followed by an SDS-PAGE gel which was then covered with 2 pads of filter paper and these
were placed in a Bio-Rad Mini Trans-Blot © cell and electroblotted for 60 minutes at 30V.

To confirm successful transfer of proteins onto a nitrocellulose membrane and to locate the major
bands of molecular weight protein markers, the nitrocellulose membrane was stained with Ponceau S
stain before blocking. This stain has low sensitivity and is reversible. The blot was covered with
Ponceau S solution (0.1% Ponceau S and 1% glacial acetic acid in distilled water) for about 5
minutes. The positions of molecular weight standards were marked with a pencil. The membrane was

then completely destained by rinsing in distilled water for £10 minutes.

Unoccupied sites on the nitrocellulose membrane were blocked by incubation in blocking buffer (Tris
buffered saline containing 3% BSA and 0.05% Tween 20) for 45 minutes at room temperature or
overnight at 4 °C both with gentle agitation. The blocked nitrocellulose membrane was washed once
with TBST (10 mM Tris-HCI, 150 mM NaCl, pH 8.0, 0.05% Tween 20). The membrane was
incubated in a 1:800 dilution of anti-PAL antisera in TBST-BSA (1% BSA in TBST) for 45 minutes
at room temperature with gentle agitation. The blot was then washed 3 times in TBST for 5 minutes
each wash. For secondary antibody binding, the membrane was incubated in a 1:1000 solution of goat
anti-rabbit 1gG labelled with horse radish peroxidase in TBST for 45 minutes at room temperature
with constant shaking. The blot was then washed three times for 5 minutes, each washed with TBST
and then once with TBS.

To visualize the antigen-antibody complexes, 6 mg/ml of diaminobenzidine (DAB) in 10 ml of 50
mM Tris, pH 7.6 was activated by adding 10 ul of 30% H,O,. This substrate was used to flood the
entire blot and the colour was developed while gently mixing until the bands were visibly dark brown,

at which point the reaction was stopped by rinsing the blot with TBS.
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3.3.6  Cloning of the pal gene into a cloning vector pUC18 and transformation of Top10

In order to construct a recombinant vector carrying pal gene, the pal amplicon and pUC18 (Figure
3.2) were firstly individually restricted with EcoRI as in (Table 3.3) then Kpnl. The restriction

products were then visualized by electrophoresing on a 0.8% agarose gel.
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Figure 3.2: A vector map of pUC18 illustrating the multiple cloning site (MCS) and the
ampicillin resistance gene responsible for selection of transformants on ampicillin medium.

Acquired from

http://www.genscript.com/product_001/marker/code/SD1162/Vector/pUC18 plasmid DNA/S
D1162.html.

Table 3.3: A 20 pl volume restriction digestion of pUC18

Reagent Volume (ul)
pUC18/ pal amplicon 5.0ul
EcoRlI 2.5 ul

10 X Restriction buffer H 2.0l
Distilled water 10.5 ul
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Unless otherwise stated, all restriction digestions were incubated with gentle agitation for 4 hours in a
water-bath set at 37 °C. The reaction mixtures were loaded on a 0.8% agarose gel in 1X TAE and
electrophoresed at 100 V for 60 minutes. The gel was stained with 0.5 pg/ml Ethidium bromide for
visualization on the UV transilluminator. In order to purify the fragments from the gels, the linearised
pUC18 and pal gene bands were excised and purified using QIAquick gel extraction kit as described

in section 3.2.6.

Following purification of EcoRlI restricted pUC18 and pal gene, the second digestion was carried out

using Kpnl as shown in Table 3.4.

Table 3.4: A 25 ul Kpnl restriction digestion reaction mixture

Reagent Volume (ul)
Recovered pUC18/pal amplicon 10 ul
10X BSA 2.5l
10X Restriction buffer L 2.5l
Kpnl 2.0 ul
Sterile deionised water 8.0 ul

For the prevention of recircularization of the vector during ligation, the linearised vector was
dephosphorylated using calf intestinal alkaline phosphatase also referred to as CIP, CIAP or CAP
(Sambrook and Russell, 2001). To dephosphorylate the linearised vector, first the amount of
picomoles of ends of linear double stranded DNA are determined according to the following formula
Acquired from Enzyme Resource Guide, Promega:

http://www.promega.com/guides/cloning_guide/cloningenz.pdf.

Picomoles of ends of DNA = Concentration of DNA (ug)/ Size of DNA (Kbp) x 3.04

= pmol termini.

The dephosphorylation reaction was set up by adding 2.5ul of 10X CIP buffer, 0.2ul CIP and 2.3ul of

sterile deionised water to 1.2 ug of linearised vector. The reagents were mixed and incubated for 1
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hour at 37 °C. The reaction was stopped by incubation at 75 °C for 10 minutes in the presence of 5
mM EDTA (pH 8.0).

To create a recombinant vector, dephosphorylated DNA was ligated with the pal fragment by mixing
2 ul (50 ng) of pal amplicon restricted with EcoRI and Kpnl with 0.1 pl of T4 DNA ligase
(Fermentas), 2 ul of 5X ligation buffer and 5.9 pl of sterile deionised water in various vector: insert
ratios. The ligation mixtures contained vector: insert in 1:1, 1:3 and 1:5 ratios in a total volume of 10
pl to increase the ligation efficiency. The reaction mixtures were ligated for 5 minutes at room
temperature using Rapid DNA ligation kit (Fermentas) and stopped by adding 1 pl of 0.5 M EDTA
and then heating to 70 °C for 10 minutes. This was stored on ice until further use.

To confirm ligation, competent E. coli (Top 10 strain) was transformed with 10 ul of the ligation
mixture followed by purification of transformants and screening of pal carrying clones using a DIG

hybridization kit (Roche, Mannheim, Germany).

3.3.6.1 Screening of pal carrying clones by DIG hybridization

The DIG (digoxigenin) hybridization procedure requires that colonies be transferred onto the
positively charged nitrocellulose membrane first. This was accomplished by manually picking
colonies from LB-Amp agar plate and transferring these onto a nitrocellulose membrane using sterile
toothpicks. To keep the colonies’ DNA from diffusing too far, the membrane was placed, colony side
up, on a pad of filter paper soaked in 10% SDS for 3 minutes followed by soaking in 0.5 M NaOH for
3 minutes to lyse the cells and to denature the DNA. In order to drain away excess solution, the
membrane was placed on blotting paper until it was fairly dry. The membrane was soaked in
neutralization solution (1.5 M NaCl, 1.0 M Tris-HCI, pH 7.4) for 2 minutes to equilibrate the NaOH
solutions. Using a pair of tweezers, the membrane was placed on blotting paper to dry before heating
for 30 minutes to 120 °C to fix the DNA. Following fixation, the DNA was pre-hybridized and then

hybridized according to the manufacturer’s instructions.
In pre-hybridization of the membrane, about 20 ml/100 cm? membrane of DIG Easy Hyb was pre-

heated to hybridization temperature (48 °C) and added to the membrane placed in a plastic container
and left for 30 minutes with gentle agitation. This pre-hybridization solution was poured off and the
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probe/hybridization mixture (detailed below) was added to the membrane followed by incubation for
at least 4 hours at 48 °C with gentle agitation.

The pure pal amplicon was labeled with DIG according to the manufacturer’s instructions and was
regarded as the probe. The DIG-labeled DNA probe diluted to the lowest detectible concentration,
was denatured (about 25 ng/ml) by boiling for 5 min and rapidly cooling in ice/water. About 85 ng of
the denatured DIG-labeled DNA probe was added to a pre-heated DIG Easy Hyb (3.5 ml/100 cm?

membrane) and mixed thoroughly while avoiding foaming which might lead to background.

The membrane was washed 2 times with ample 2X SSC diluted from 20X SSC (3.0 M NaCl, 0.3 M
Na-citrate, pH 7.0), 0.1% SDS solution at 68 °C and each wash being done for over 5 minutes (due to
the probe being above 150 bp long) under constant agitation. It was then washed 2 times for 15 min
each time in 0.5X SSC, 0.1% SDS (pre-warmed to wash temperature) at 65-68 °C under constant
agitation. The membrane was briefly (1-5 min) rinsed in washing buffer (0.1 M Maleic acid, 0.15 M
NaCl; pH7.5 and 0.3% Tween 20). Following washing, the membrane was incubated for 30 min in
100 ml 1X blocking buffer (a 10X blocking buffer supplied was diluted with Maleic acid buffer: 0.1
M Maleic acid, 0.15 M NaCl adjusted to pH 7.5 with NaOH ) and another incubation for 30 min in 20
ml antibody solution (1:5000 of anti-Digoxigenin-Alkaline Phosphatase conjugate in blocking
buffer). Following incubation in antibody solution, the membrane was washed 2 times for 15 minutes
in 100 ml washing buffer followed by equilibration (2-5 min) in 20 ml Detection buffer (0.1 M Tris-
HCI, 0.1 M NacCl, pH 9.5). For colour detection using NBT/BCIP (nitroblue tetrazolium chloride and
5-bromo-4-chloro-3-indolyl-phosphate), the membrane was incubated without shaking in 10 ml of
freshly prepared chromogenic substrate solution (200 ul NBT/BCIP in 10 ml of detection buffer) in
an appropriate container in the dark. The colour precipitate starts to form within a few minutes and
the reaction was completed in approximately 4 hours. The reaction was stopped after 20 minutes by
washing the membrane for 5 min with 50 ml of TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 6.0)
when the desired intensity of the spots was achieved. Results were scanned and documented.

3.3.6.2 Screening of recombinant E. coli by PCR amplification of pal

Each of the positive transformants as detected by the DIG hybridization method was resuspended in
200 pl of sterile distilled water, mixed by vortexing and then lysed by heating in a boiling water bath

for 5 minutes and 1 pl of the lysed cells were added to a PCR reaction mixture as listed in Table 3.1
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and processed as PCR conditions were as set out in Table 3.2. From the PCR mixture, 10 pl of the

reaction mixture was loaded onto a 0.8% agarose gel for electrophoretic analysis.

3.3.7 Isolation of recombinant pUC18 plasmid DNA

The positive clones were grown in LB broth supplemented with ampicillin for plasmid DNA isolation
which was carried out using a mini-plasmid DNA isolation kit (Qiagen GmbH, Hilden, Germany)

according to the manufacturer’s instructions.

3.3.8 Restriction digestion of pUC18-pal vector

The vectors, pUC18 and pUC18-pal were separately digested with a single cutter EcoRI to linearise
the two DNA’s. The recombinant vector DNA pUCI18-pal and the two linearised vectors were
electrophoresed on a 0.8% agarose gel alongside each other. Molecular weight DNA markers were

also run on the same gel. This allowed comparative analysis to confirm insertion of the pal gene.

3.3.9 Sequencing of a pal positive clone

The recombinant vector DNA pUC18-pal was excised from the agarose gel and the block of agarose
gel was transferred into a clean and sterile Eppendorf tube that was sealed using parafilm. The
Eppendorf tubes containing pUC18-pal, the gene-specific Muk24/Kpnl forward and Muk25 reverse

primers were sent to Ingaba Biotech for sequencing.

3.3.10 Transformation of S. cerevisiae using expression vector pYES2/CT

The S. cerevisiae (INVIScl) strain was grown and maintained in YPD broth following purification by
streaking on YPD agar plate and incubated for 48 hours at 28 °C. The yeast vector pYES2/CT (Figure
3.3) was restricted with EcoR1 then Kpnl, in a similar manner as pUC18-pal so as to produce a vector
and an insert with compatible ends to allow effective directional cloning. For each vector, 10

reactions were set up as in Table 3.5.
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Figure 3.3: A vector map of pYES2/CT illustrating features like ampicillin resistance gene and
URA3 marker for selection of E. coli and S. cerevisiae transformants on ampicillin and SC-U
medium respectively. Acquired from Invitrogen pYES2/CT, pYES3/CT and pYC2/CT manual
(http://tools.invitrogen.com/content/sfs/manuals/pyes2ctpyes3ctpyc2ct_man.pdf).

Table 3.5: A 20 ul volume restriction digestion of both pUC18-pal and pYES2/CT using EcoRl

Reagent Volume
pUC18-pal (pYES2/CT) 2.0l
10X Restriction buffer H 2.0l
EcoRlI 6.0 pl
Deionised water 10 ul

The restriction digestion mixtures were incubated for 4 hours in a circulating water bath set at 37 °C.
The DNA fragments were electrophoresed on a 1% agarose gel at 100 V for 60 minutes in a 1X TAE
electrophoretic buffer. The linearised DNA fragments were visualized by staining in ethidium

bromide. The bands were excised from the gel and purified using a gel extraction kit (Qiagen GmbH,
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Hilden, Germany). The two EcoRl linearised vectors; pUC18-pal and pYES2/CT were digested using
Kpnl restriction enzyme as set out in Table 3.6 in order to release pal fragment from pUC18-pal and a
pYES2/CT fragment with compatible ends for directional cloning.

Table 3.6: A 25 ul volume restriction digestion of both pUC18-pal and pYES2/CT using Kpnl

Reagent Volume

Recovered pUC18-pal (pYES2/CT) 10 ul

10X BSA 2.5ul
10X Restriction buffer L 2.5 ul
Kpnl 8.0 ul
Sterile deionised water 2.0 ul

The reaction mixture was processed as in the EcoRI digestion (section 3.3.10).

3.3.10.1 Dephosphorylation of EcoRI-Kpnl linearised pYES2/CT

The EcoRI-Kpnl linearised pYES2/CT was dephosphorylated as set out in Table 3.7 following
determination of the amount of picomoles of ends to be used. The amount of picomoles of ends of

linear double stranded DNA was determined as in section 3.3.6.

Table 3.7: A 50 ul volume reaction mixture for dephosphorylation of the EcoRI-Kpnl
pYES2/CT DNA

Reagent Volume

EcoRI-Kpnl pYES2/CT 40 pl (1-20 pmol of DNA 5’-termini)
10X CIP buffer 5.0 ul

Sterile nuclease free water 4.0 ul

CIP enzyme (1U) 1.0 pl
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Dephosphorylation mixture was incubated for 30 minutes in a water bath set at 37 °C. The reaction
was immediately stopped by heating at 75 °C for 10 minutes in the presence of 5 mM EDTA (pH
8.0).

3.3.10.2 Ligation of EcoRI-Kpnl pal and EcoRI-Kpnl pYES2/CT

Three sets of ligation reactions were set up according to Table 3.8, for the three different vector DNA
to insert ratios in order to maximise the ligation efficiencies of the reactions. These ratios were

determined according to section 3.2.2.

Table 3.8: The 20 pl ligation reaction volumes as set out for each vector: insert ratios

Reagent 1:1 ratio 1:3 ratio 1:5 ratio Vector only
Dephosphorylated vector 2.0 ul 2.0 ul 2.0 ul 2.0 ul
Insert 2.0 ul 6.0 ul 10 pl 0.0 ul
5X Ligation buffer 4.0 ul 4.0 ul 4.0 ul 4.0 ul
T4 DNA Ligase 1.0 pl 1.0 pl 1.0 pl 1.0 ul
Distilled water 11 pl 7.0 ul 3.0 ul 13 ul

The ligation mixtures were incubated for 5 minutes at room temperature after which 10 pl of the

ligation mixture was used for transformation of 200 ul of competent E. coli (Top 10) cells.

3.3.11 Transformation of competent E. coli (Top10) using ligation mixtures

The competent E. coli cells carrying the ligation products were transformed using the calcium
chloride and heat shock method as outlined in the general methods (section 3.2.3). The LB/Amp
plates were incubated overnight at 37 °C. Transformation efficiencies were calculated based on the

number of colonies for each of the ratios (section 3.3.3).
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33111 Colony-lift immunodetection of recombinant E. coli clones for the presence of
pal insert

A nitrocellulose membrane was cut in a circular shape so as to fit inside an agar plate. It was then
marked by piercing one or two ends of the membrane for ease of orientation. The positively charged
nitrocellulose membrane was placed over the pYES2/CT-pal transformants in the LB/Amp agar
plates, so that the clones can be imprinted on the membrane. The membrane was immediately
removed and placed colony side up, on a pad of filter paper soaked in 10% SDS for 3 minutes to keep
the DNA from diffusing too far. The membrane was transferred to a pad of filter paper soaked in 0.5
M NaOH for 3 minutes to lyse the cells and to denature the DNA. Following denaturing, the
membrane was blocked in TBST containing 3% BSA for 45 minutes and further processing of the

membrane was carried out as described under section 3.3.5.2.

3.3.11.2 Colony PCR and confirmation of positive clones carrying pYES2/CT-pal by
restriction digestion

To confirm the insertion of pal gene in the transformants, a PCR reaction was set up as in Table 3.1
and the PCR conditions as in Table 3.2.

The positive clones carrying pal gene as confirmed by colony PCR were grown in LB/Amp broth in
order to isolate pYES2/CT-pal. The recombinant DNA pYES2/CT-pal, was analysed by digestion
using EcoRI and electrophoresing alongside the linearised pYES2/CT vector so as to observe for the

shift in size between the two.

3.3.12 Preparation of competent INVIScl cells

The S. cerevisiae was transformed using lithium acetate method as described in Gietz et al. (1992).
To prepare S. cerevisiae competent cells, 10 ml of YPD medium was inoculated with a colony of
INVScl and incubated overnight at 30 °C with gentle agitation. The ODggonm Of the overnight culture
was determined and diluted to an ODgponm Of 0.4 in 50 ml of YPD medium. The 50 ml culture was
grown for an additional 2-4 hours. The culture was centrifuged at 1500 x g for 5 minutes and the
resultant pellet resuspended in 40 ml of 1X TE (10 mM Tris-HCI, pH 7.5 and 1 mM EDTA). The
suspension was centrifuged at 1500 x g for 5 minutes and the pellet resuspended in 2 ml of 1X

LiAc/0.5X TE which was then incubated for 10 minutes at room temperature before transformation.
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3.3.12.1 Transformation of competent INVIScl with pYES2/CT-pal

For each transformation, 1 ug of pYES2/CT-pal and 100 pg of denatured sheared salmon sperm DNA
were mixed with 100 pl of the competent yeast suspension. To this solution, 700 pl of a solution of
1X LiAc/40% PEG-3350/1X TE was added and the suspension was thoroughly mixed. The mixture
was incubated for 30 minutes at 30 °C followed by addition and mixing of 88 pl of DMSO. The
mixture was heat shocked by incubating for 7 minutes in a water-bath set at 42 °C after which it was
centrifuged at 13000 rpm in a microcentrifuge for 10 seconds followed by removal of the
supernatant. The pellet was resuspended in 1 ml of 1X TE buffer and centrifuged at 13000 rpm in a
microcentrifuge for 10 seconds and the supernatant was discarded. The cell pellet was resuspended in

50-100 pl of 1X TE followed by spread plating on a selective plate lacking uracil (SC-U).

3.3.12.2 Detection of positive clones by colony PCR

Following transformation, the transformants were screened for pal gene insertion by colony PCR.
Each of the transformants was first subcultured by streaking onto a clean SC-U agar plate then
inoculated into an Eppendorf tube containing 50 ul of 20 mM NaOH. The samples were incubated for
20 minutes in a boiling water bath followed by vortexing and centrifugation at 13 000 rpm using a
microcentrifuge for 1 minute. The supernatant (2 ul) was added to the PCR mixture as detailed in
Table 3.1, with the exception that 37 ul of sterile distilled water was used instead of 38 pl. The PCR

conditions were as in Table 3.9.

Table 3.9: PCR reaction conditions

PCR Step Temperature (°C) Time (seconds)
Initial denaturation 95 300
20 cycles of Denaturation 94 30
Annealing 68 30
Extension 74 42
Final extension 74 600

The PCR products were loaded onto a 0.8% agarose gel, electrophoresed at 100 V for 60 minutes and

visualised on a UV transilluminator after ethidium bromide staining.
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3.3.12.3 Purification of pYES2/CT-pal containing clones

The positive clones carrying pal gene as confirmed by PCR were purified and maintained by
subculturing onto SC-U agar plates and incubating for 2 days at 30 °C. The plates were stored at 4-8
°C.

3.3.13 Growth curves of INVIScl, INVIScl-pYES2/CT and INVIScl-pYES2/CT-pal
clones

The effect of pal gene insertion on the growth of S. cerevisiae, INVIScl, INVIScl with pYES2/CT
and INVIScl with pYES2/CT-pal was compared by growing the yeast cells on SC-U broth and the

ODggonm Was read at 5 hour intervals. The OD was plotted against time in hours.

3.3.14 Expression of recombinant PAL in INVIScl

Expression of a heterologous gene in pYES2/CT vectors is inducible by galactose and requires that
the clone first be grown in SC-U medium containing raffinose followed by induction. Recombinant
PAL was expressed in S. cerevisiae transformant according to the manufacturer’s instructions as
follows: For the expression of recombinant PAL in S. cerevisiae carrying pYES2/CT-pal, a single
colony containing pYES2/CT-pal gene was first inoculated into 15 ml of SC selective medium
containing 2% raffinose. The culture was grown overnight at 30 °C with shaking. The ODggonm Of the
overnight culture was determined and the amount of overnight culture necessary to obtain an ODgoonm
of 0.4 in 50 ml of induction medium (SC-U medium containing 2% galactose) was removed. This
culture was pelleted at 1500 x g for 5 minutes at room temperature and the supernatant was discarded.
The cells were resuspended in 50 ml of induction medium. The cells were grown at 30 °C with gentle
shaking and cells were harvested at 4 hour intervals. For each interval, 5 ml of culture was removed
from the flask and the ODggonm Of each sample was determined. The cells were pelleted at 1500 x g
for 5 minutes at 4°C. The supernatant was decanted and the cells were resuspended in 500 pl of
sterile distilled water and centrifuged at 13 000 rpm for 30 seconds in a microcentrifuge. The
supernatant was removed and both the supernatant and the pellet were stored at - 80 °C until ready to

use.
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3.3.14.1 SDS-PAGE and Western blot analysis of recombinant INVIScl

The protein extracts from a pYES2/CT-pal clone extracted according to the manufacturer’s
instructions were loaded in duplicate onto a 15% SDS-PAGE gel and electrophoresed using the BIO-
RAD, Mini PROTEAN electrophoresis apparatus (section 3.3.5.1). The first gel was stained with
Coomassie brilliant blue (section 3.3.5.1) whilst the second gel was electroblotted onto a

nitrocellulose membrane followed by Western blot carried out as detailed in section 3.3.5.2.

3.3.15 Construction of recombinant vector for pal gene expression in A. niger (FGSC
A733)

The A. niger expression vector pPBARMTEL1 (Figure 3.4) was digested in a similar manner as pUC18-
pal using EcoRI and Smal for directional cloning of the pal gene into A. niger expression vector. The
first restriction digestion was set out as in Table 3.10. Both the A. niger (FGSC A733 strain) and
PBARMTEL1 vector were obtained from the FGSC (McCluskey, 2003).

Table 3.10: A 20 pl restriction digestion of pPBARMTE1 with Smal

Reagent Volume (ul)
pUC18-pal (p(BARMTE1) 1.0

10X Restriction buffer A 2.0

Smal 3.5
Deionised water 135

The digestion mixture was incubated for 2 hours in a water bath set at 25 °C. The DNA fragments
were electrophoresed on a 1% agarose gel at 100 V for 60 minutes in a 1X TAE electrophoretic
buffer. The linearised DNA fragments were visualized by staining in ethidium bromide. The bands
were excised from the gel and purified using a Qiagen gel extraction kit according to the

manufacturer’s instructions.
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Figure 3.4: A plasmid map of pBARMTEL illustrating amongst others, the ampicillin
resistance gene (Amp") and the bar gene which is responsible for selection on selective medium

containing phosphinothricin (PPT). (Acquired from Pall and Brunelli, 1993;

http://www.fgsc.net/fgn/pall.html date 11 November 2008).

The recovered Smal linearised DNA’s i.e. pPBARMTE1 and pUC18-pal were restricted with EcoRI as
set out in Table 3.11.

Table 3.11: A 20 ul EcoRl restriction digestion mixture

Reagent Volume (ul)

Smal linearised pUC18-pal (h(BARMTE1) 10.0

10X Restriction buffer H 2.0
EcoRlI 35
Sterile deionised water 45
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The above restriction digestion mixture was incubated overnight in a water bath set at 37 °C. The
DNA fragments were electrophoresed on a 1% agarose gel at 50 V for 120 minutes in a 1X TAE
electrophoretic buffer. The linearised DNA fragments were visualized by staining in Ethidium
bromide. The bands were excised from the gel and purified using a Qiagen gel extraction kit. The

EcoRI-Smal linearised pPBARMTE1was dephosphorylated as described under section 3.3.6.

3.3.15.1 Ligation of EcoRI-Smal restricted pal to EcoRI-Smal linearised pPBARMTEL1

In order to clone the pal gene into the EcoRI-Smal linearised pPBARMTEL, three sets of ligation
reactions were set up according to the three different vector DNA to insert ratios (Table 3.12).

Table 3.12: The 20 pl ligation reactions set up for the three pPBARMTEL DNA to insert ratios

Reagent 1:3 ratio 1:5 ratio 1:10 ratio Vector only
Dephosphorylated vector 2.5 ul 2.5 ul 2.5 ul 2.5 ul
Insert 3.0u 5.0 ul 10 pl 0.0 ul
5X Ligation buffer 4.0 Wl 4.0 Wl 4.0 Wl 4.0 Wl
T4 DNA Ligase 1.0 ul 1.0 ul 1.0 ul 1.0 ul
Distilled water 9.5ul 7.5 ul 2.5u 12.5 ul

The ligation mixtures were incubated for 5 minutes at room temperature. Following ligation, 10 ul of
the ligation mixture was used for transformation of competent E. coli as detailed in section 3.2.3.

The transformants as observed on LB-Amp plates were purified by streaking on a new LB-Amp plate
before screening for pal gene by PCR using Muk24/Kpnl and Muk25. The pBARMTE1-pal carrying
clones as identified on agarose gels were grown on LB/Amp broth for vector DNA isolation using the
QIAGEN plasmid midi kit according to the manufacturer’s instructions. The isolated DNA in TE
buffer was stored at - 20 °C.
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3.3.15.2 Restriction analysis of pPBARMTE1-pal

The pPBARMTE1-pal DNA and pBARMTE1 DNA were analyzed by restriction digestion using
EcoRI. The restriction digestions were set up as in Table 3.11 and the whole reaction was
electrophoresed along with the molecular weight markers to observe the band shift in size

between the two.

3.3.16 Transformation of Y. lipolytica (PO1f) with pKOV410 and pINA1293

3.3.16.1 Codon optimisation of P. angolensis seed lectin

In order to increase the expression efficiency of pal for expression in Y. lipolytica, codon optimization
was carried out according to Y. lipolytica codon preference. The nucleotide sequence of pal was
optimised and synthesised at Geneart (Germany) with the inclusion of Xmnl and Clal restriction sites
at the 5' end, as well as Avrll and PmlI restriction sites on either side of the stop codon at the 3' end.
These restriction sites are also found within the multiple cloning site of the designated Y. lipolytica
expression vectors pKOV410 and pINA1293, a factor that makes insertion of the pal gene possible.
Insertion of the 3’ end of the synthesised pal gene into either pKOV410 or pINA1293 using the Avrll
digested fragment recreates the stop codon and therefore, the C-terminus remains unaffected.

3.3.16.2 Construction of Y. lipolytica-pal vectors

The vector 7098 bp pKOV410-pal was constructed as illustrated in Figure 3.5, by insertion of a 746
bp Xmnl-Avrll fragment carrying pal gene from 0715149pCR4Blunt (pal gene host vector
synthesised from Geneart) into a rDNA based integrative vector pKOV410 at the corresponding site

within the multiple cloning region.

Similarly, a 746 bp Xmnl-Avrll fragment was inserted into a 5055 bp zeta based integrative vector
pINA1293, thus giving rise to a 5801 bp recombinant vector pINA1293-pal as illustrated in Figure
3.6. The integrative vectors pKOV410 and pINA1293 differ in their mode of homologous integrative
docking platform i.e. zeta and rDNA respectively. They both have a defective version of the URA3
selection marker (ura3d4) which allows multiple-integration by homology into the genome of the

host cell.
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The expression vectors (pKOV410 and pINA1293) had been digested with the same restriction
enzymes (Avrll and Xmnl) as the pal gene host vector (0715149pCR4Blunt). The restriction
digestion as set out in Table 3.13, allow the release of the pal gene fragment from the host vector and

linearise the two expression vectors thereby effecting directional cloning of the pal gene.

Table 3.13: A 15 ul double digestion of vectors with Avrll and Xmnl

Reagent Volume (pul)
vector DNA 5.0
distilled water 6.0
10X BSA 15
buffer 2 1.5
Avrll 0.5
Xmnl 0.5

The above three reactions (0715149pCR4Blunt, pKOV410 and pINA1293) were separately incubated
for 1 hour at 37 °C. The 15 pl reaction mixtures were loaded onto a 1% agarose gel mixed with 0.5
pg/ml ethidium bromide and electrophoresed at 120 V for 45 minutes. The gel bands were visualised

using a UV transilluminator image analyser.

To recover the pal gene fragment from agarose gel, a band corresponding to pal gene was excised
with a clean sterile blade and recovered using a Bioflux PCR purification kit (Separation Scientific).
The pure fragment was quantified using a Nanodrop ND-1000 spectrophotometer (Thermo Scientific)
Following quantification, the purified Xmnl-Avrll linearised pKOV410 and Xmnl-Avrll pal fragments
were combined in the ratios as set up according to Table 3.14, in order to ligate the pal gene into

pKOV410. Only 10 pl of ligation mix was used for transformation.
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Table 3.14: The 10 ul ligation reaction mixtures for the three vector: insert ratios for Y.

lipolytica pKOV410 transformations

Reagent 1:1 ratio 1:3 ratio 1:5 ratio
Vector 54l 54 ul 54l
Insert 1.0 pl 3.0l 50ul
5X Ligation buffer 2.0 ul 4.0 ul 4.0 ul
T4 DNA Ligase 1.0 ul 1.0 ul 1.0 ul
Distilled water 0.6 ul 6.6 ul 4.6 pl

As in the ligation of pKOV410 and pal fragment, the Xmnl-AvrlI restricted pINA1293 and the Xmnl-
Avrll restricted pal fragments were ligated according to Table 3.15. The ligation reaction mixtures for

the three vector: insert ratios for Y. lipolytica pINA1293 transformations.

Table 3.15: The 10 pl ligation reaction mixtures for the three vector: insert ratios for Y.

lipolytica pINA1293 transformations

Reagent 1:1 ratio 1:3 ratio 1:5 ratio
Vector 1.0 ul 1.0 ul 1.0 ul
Insert 1.0 ul 3.0 ul 50ul
5X Ligation buffer 2.0 ul 2.0 ul 2.0 ul
T4 DNA Ligase 1.0 pl 1.0 pl 1.0 ul
Distilled water 5.0ul 3.0ul 1.0 ul

All the ligation reactions were carried out at room temperature for 30-60 minutes. Following ligation,

10 pl of the reaction mixture was used for transformation of E. coli.
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3.3.16.3 Transformation of E. coli

E. coli (XL10-gold) was transformed using the CaCl, and heat shock method according to Sambrook
and Russell, (2001) and the transformants were selected on LB/Amp plates. The ligation mixture (10
ul) was added to 50 pl of competent E. coli cells prepared as in 3.2.1 followed by incubation on ice
for 30 minutes. The mixture was heat shocked in a 42 °C water bath for 60 seconds with immediate
cooling on ice for 2 minutes. About 950 pul of LB broth was added to the transformation mix followed
by incubation at 37 °C for 45 minutes. The cells were pelleted by centrifugation at 13000 rpm using a
microcentrifuge for 30 seconds followed by removal of 900 pl of supernatant. The cells were
resuspended in 100 ul of the remaining supernatant and 50 ul was plated out in duplicate on selective
media i.e. LB/Kanamycin (50 pg/ml). The plates were incubated overnight at 37 °C. The vectors used
to transform E. coli were 0715149pCR4Blunt as this is the vector in which the codon optimised pal
gene was inserted. The vectors pKOV410, pINA1293 and recombinant vectors pKOV410-pal and
pINA1293-pal were also amplified through E. coli transformation.

The recombinant DNA, pKOV410-pal was isolated using a QIAGEN plasmid isolation kit and

analysed for pal gene insertion by restriction digestion with 2 restriction enzymes Avrll and Xmnl.
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Figure 3.5: lllustration of the pKOV410-pal construction.
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The recombinant DNA, pINA1293-pal was similarly isolated and analysed as in pKOV410-pal by

restriction analysis using both Avrll and Xmnl.
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Figure 3.6: A schematic illustration of pINA1293-pal construction.
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3.3.16.4 Y. lipolytica transformations

Y. lipolytica was transformed using the lithium acetate (LiAc) method as follows: In a sterile 2 ml
Eppendorf tube, 5 pl of carrier DNA (Salmon sperm DNA previously boiled for 10 minutes followed
by immediate cooling on ice), 5 to 7 pl of Notl linearised pKOV410-pal, pINA1293-pal, pKOV410
(control) and 100 pl of Y. lipolytica competent cells were added and gently mixed by pipetting. The
recombinant DNA was restricted with Notl to release the yeast Y. lipolytica expression cassette. To
prepare competent cells, a single colony from an overnight culture of Y. lipolytica was transferred to
20 ml of YPD (10 g yeast extract, 20 g glucose, and 20 g peptone and 20 g agar) pH 4 in a 250 ml
Erlenmeyer flask which was then incubated overnight at 28 °C to an ODggo 0f 2-9. The cells were
centrifuged at 5000 x g and then washed gently by resuspending in 10 ml of sterile TE (10 mM Tris-
pH 8, 1 mM EDTA) and centrifugation at 3000 x g followed by resuspension to 5 x 10’ cells/ml in
LiAc (0.1 M, pH 6). The LiAc mixture was transferred to a sterile 500 ml flask and then incubated for
1 hour at 28 °C with gentle shaking at 90 x g. The cells were then centrifuged at 2500 x g for 5
minutes and then gently resuspended to a concentration of 5 x 108 cells/ml (approximately 1/10™ of

the previous volume) in 0.1 M LiAc, pH 6.

The tubes were incubated for 15 minutes in a water-bath set at 28 °C after which 700 ul of 40% PEG
in 0.1 M LiAc (pH 6) was added and gently mixed. These were incubated for 1 hour at 28 °C with
shaking at 200 rpm. The cells were heat shocked at 39 °C for 10 minutes and then 1.2 ml of LiAc (0.1
M, pH 6) was added and gently mixed. The transformation mixture (300 ul) was spread plated onto
YNBcasa selective plates (2% glucose, 0.4% NHA4CI, 0.2% casamino acids, 0.17% yeast nitrogen base

without amino acids and without ammonium sulphate, 0.03% leucine, 1.5% agar).

For purification, the Y. lipolytica transformants as selected from the YNBcasa plates were streaked
onto YPD agar plates and incubated for 24-48 hours at 28 °C. Following growth of transformants on

YPD agar, the clones were inoculated into YPD broth for genomic DNA and protein extraction.

3.3.16.5 PCR detection of positive recombinant pal in Y. lipolytica clones

To screen for the pal carrying clones among the Y. lipolytica transformants by PCR, first genomic
DNA was extracted from the cultures of 20 colonies grown as follows; About 2 ml of a 2 day old
recombinant Y. lipolytica culture grown in YPD broth was centrifuged for 1 minute at 13 000 rpm in

a microcentrifuge. The supernatant was removed by aspiration and to the pellet, 500 ul of lysis buffer
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(100 mM Tris-HCI, pH 8.0; 50 mM EDTA,; 1 % SDS) was added. About 200 ul of glass beads was
added to the suspension and the Eppendorf tube was vigorously vortexed for 4 minutes followed by
immediate cooling on ice. To the cooled mixture, 275 pl of 7 M Ammonium acetate (pH 7.0) was
added and vortexed followed by incubation for 5 minutes at 65 °C. Chloroform (300 pl) was added to
the mixture which was vortexed and incubated for 5 minutes on ice. The mixture was centrifuged at
13 000 rpm in a microcentrifuge for 2 minutes at 4 °C. The supernatant was collected and precipitated
with equal volume of isopropanol (~ 750 pl) and vortexed for 15 seconds at room temperature. The
pellet was collected by centrifugation at 13 000 rpm in a microcentrifuge for 2 minutes at 4 °C. The
pellet was washed with 70 % ethanol and centrifuged 13 000 rpm in a microcentrifuge for 2 minutes
at 4 °C. The pellet was dried and dissolved in 100 pl of TE buffer containing RNAse A to a final
concentration of 10 pg/ml for removal of RNA.

To amplify the pal gene from the genomic DNA of Y. lipolytica transformants, the PCR reaction mix
was obtained by mixing 39.5 ul of distilled water, 5 pl of PCR buffer, 1 ul dNTP’s, 1.5 ul seq 1-F
primers, 1.5 ul seq 1-R primers and 0.5 ul Tag DNA polymerase. To the PCR mixture, 1 pl of
genomic DNA from each of the selected clones was added followed by PCR amplification according
to Table 3.16. The 20 pKOV410-pal and 20 pINA1293-pal transformants were screened together
with the positive controls pKOV410-pal DNA and pINA1293-pal DNA.

Table 3.16: PCR conditions for amplification of the pal gene from the genomic DNA of the

recombinant Y. lipolytica strain

PCR Step Temperature (°C) Time (seconds)
Initial denaturation 94 30
20 cycles of Denaturation 94 10
Annealing 58 30
Extension 72 30
Final extension 72 300
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3.3.17 Effect of different media on the expression of Y. lipolytica PAL

To evaluate the effect of different media on Y. lipolytica expression, 2 types of media were
inoculated with the Y. lipolytica clone. About 5 ml of culture, sampled daily from day zero was
centrifuged at 13000 rpm in a microcentrifuge for 5 minutes to separate the supernatant from
the cells. Following centrifugation, 100 pl of the supernatant was first blotted onto the
nitrocellulose membrane using BIO-DOT® SF (slot format) according to the manufacturer’s
instructions. Unoccupied sites on the nitrocellulose membrane were blocked by incubation in
blocking buffer for 45 minutes and the membrane was processed as in section 3.3.5.2. The
intensity of the bands was observed to select the best medium in which Y. lipolytica expressed

recombinant PAL.

3.3.18 Preparation of crude fraction of recombinant PAL

A 2 ml recombinant Y. lipolytica culture was centrifuged in a microcentrifuge at 13 000 rpm for 2
minutes to separate the pellet the cells. To 300 pl of supernatant, 900 pl of ice cold acetone was added
followed by incubation on ice for 1 hour. To prepare the cell extract, 200 ul of glass beads were
added to the pellet together with 500 pl of lysis buffer (100 mM Tris-HCI (pH 8.0); 50 mM EDTA,
1% SDS). This mixture was vortexed for 4 minutes and then incubated for 1 minute on ice followed
by centrifugation at 13 000 rpm for 1 minute. In order to precipitate the proteins, 900 ul of ice cold
acetone was added to 300 pl of the cell extract and incubated on ice for 1 hour. The precipitated
proteins were collected by centrifugation at 13 000 rpm in a microcentrifuge for 20 minutes at 4 °C.
The supernatant was discarded for both samples and the pellets were dried for 20 minutes at 55 °C.
To redissolve the precipitated protein, 50 pl of 2X SDS buffer was added to the pellet and these were
briefly vortexed and boiled for 5 minutes. The denatured protein (30 ul) was loaded onto 12.5% SDS-
PAGE gels. The first gel was stained with Coomassie blue for total protein visualization whilst its

replica was used for Western blotting (section 3.3.5.2).

3.3.18.1 Quantification of total protein

The protein concentration of samples was determined by employing the Bicinchoninic acid (BCA)
method according to Smith et al. (1985). The standard curve was plotted from the OD at 595 nm
versus the varying concentrations (10 pug/ml to 1000 pg/ml) of bovine serum albumin (BSA)

solutions. About 10 pl of the sample was added to the 96 well flat-bottomed microtitre plate followed
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by addition of 200 ul of the BCA reagent and incubation at room temperature for 30 minutes.

Absorbance readings at 595 nm were carried out on Beckman Coulter DTX 880 multimode detector.

3.3.18.2 ELISA for determination of PAL concentration

The standards were prepared by making varying dilutions of the pure native PAL of a known
concentration. To each of the flat bottomed microtitre plate wells, 100 pl of the standards and of
recombinant PAL were added in triplicate. The plate was then sealed and incubated overnight at 4 °C.
The microtitre plate was emptied followed by incubation with the blocking buffer (3% BSA, 1%
Tween 20 in PBS) for 45 minutes at room temperature with gentle agitation. The blocking buffer was
removed and the plate was washed three times with PBST (0.05 % Tween 20 in PBS). The washed
wells were filled with 100 pl of primary antibody (1:800 dilution) in antibody solution (1% BSA in
PBS) was added and the plate was incubated for 45 minutes at room temperature. The plate was
washed three times with PBST for 5 minutes, followed by incubation for 45 minutes in 1:2500 anti-
rabbit 1gG in antibody solution. The three times wash step was repeated in PBST and the final wash
step in PBS for 5 minutes. The wash buffer was decanted and the plates were inverted on blotting

paper to drain off excess solution.

To prepare the color substrate for the ELISA reaction, one OPD (O-phenylenediamine) tablet was
dissolved in 12 ml of 0.1 M Citrate buffer (pH 5.0) containing 0.03% H,0,. To each well 100 pul of the
colour substrate was added for the development of the yellow colour and this reaction was stopped
with addition of 1 N H,SO, solution. The optical density was read at 410 nm.

3.3.18.3 Densitometric estimation of recombinant PAL concentration

In order to determine the concentration of recombinant PAL in culture, pure PAL of known
concentration was diluted 1/5, 1/10 and 1/30 to obtain standards. The PAL standards were denatured
in a similar manner as recombinant PAL by boiling in the presence of sample buffer for 5 minutes.
The denatured proteins were loaded onto SDS-PAGE gel and electrophoresed as in section 3.3.5.1.
The separated proteins were electroblotted onto a nitrocellulose membrane for Western blotting as in
3.3.5.2. Following development of colour using DAB substrate, the band intensities were measured in

densitometrically using PDQuest 2-D analysis software. To obtain a linear trend and the formula to
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calculate the unknown concentration of recombinant PAL a standard curve was plotted using the

concentrations and the average intensities of the standards.

3.3.19 Glycan removal/trimming of the recombinant PAL

To remove the glycans from the glycosylated recombinant PAL, 300 pul of 50 mM ammonium acetate,
10 pl of 20 % Igepal, 1 pl of PB-mercaptoethanol, 100 pl of recombinant protein and 1 pl of
recombinant N-Glycosidase F, cloned from Flavobacterium meningosepticum) and expressed in E.
coli, were combined in an Eppendorf tube and incubated at 37 °C overnight. The SDS-PAGE gel,

Western blot and glycoprotein detection blot were run to analyse the extent of deglycosylation.

3.3.20 Lectin blotting for glycosylation

A 3 mg/ml solution of ConA (Concavalin A) was prepared in 0.2 M sodium borate buffer (0.2 M
boric acid, 0.16 M sodium hydroxide, pH 8.8) and dialysed against 0.2 M sodium borate buffer (pH
8.8) at 4 °C, overnight. A Biotin labeled Concavalin A, is known to detect glycoproteins when used

with avidin or streptavidin detection system.

To prepare biotin labeled ConA, first biotin N-hydroxysuccinimidobiotin was dissolved in DMSO at
a concentration of 200 mg/ml followed by addition of 5 pul of Biotin ester in 2.5 pl aliquots to 5 ml of

the dialysed solution while vortexing. Biotin ConA was kept at 4 °C for 4 hours before being used.

Following SDS-PAGE, proteins were electroblotted onto a nitrocellulose membrane followed by
blocking in TBST-BSA (10 mM Tris-HCI, pH 7.6, 150 mM NacCl, 0.05% Tween 20 and 4% BSA) for
45 minutes. The membrane was then incubated in a 1:2500 suspension of 1 mg/ml Biotin labelled
Con A in TBST-BSA for 45 minutes with gentle shaking. To remove the unbound Biotin labelled
ConA, the membrane was washed three times for 5 minutes each time using TBST. The membrane
was then incubated in 1:1000 Streptavidin peroxidase for 45 minutes. After the last washing with

TBS for 5 minutes, the colour was developed using the DAB substrate (section 3.3.5.2).
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3.3.21 Partial purification of the recombinant protein using Bio-gel P100 size exclusion
chromatograph

About 3 ml of the concentrated acetone precipitated recombinant PAL was loaded onto a
Biogel P-100 (2 cm X 64.3 cm) column connected to a BIO-RAD biologic LP chromatography
system and eluted with saline azide at a flow rate of 1 ml/min. The eluted fractions were

collected using a BIO-RAD model 2110 fraction collector set at 4 minute intervals.

3.3.21.1 Haemagglutination activity of the recombinant PAL

The haemagglutinating activities of the crude recombinant Y. lipolytica protein was assayed alongside
that of native PAL (also known as Mukwa lectin) and that of recombinant E. coli PAL using a 96 well

round bottom plate. This was performed as in section 3.3.1.

3.3.21.2 Sugar/Glycoprotein inhibition of PAL

To determine the specificity of recombinant PAL, the sugar/glycoprotein inhibition assay was carried
out. The sugars and glycoproteins; fructose, fucose, N-acetyl-D-glucosamine, B-D-glucosamine,
lactose, maltose, melibiose, sucrose, sialic acid, -D-glycopyranoside, galactose, glucose, mannose,
asiolofetuin and fetuin were selected for this purpose. A volume of 25 pl of each of the sugars and
glycoproteins (5 mg/ml) were separately incubated at room temperature for 30 minutes with 25 pl of
the PAL followed by addition of 50 pl of the 4% erythrocytes solution. The microtitre plate was
incubated for one hour at room temperature and observed for the presence of inhibition which will be

identified by erythrocytes sedimentation at the bottom of the round wells.

3.3.21.3 Thermal stability of PAL

Thermal stability of PAL was studied by incubating the partially pure Y. lipolytica recombinant PAL
and native PAL resuspended in saline azide in a boiling water bath for various times of incubation. At
30 minutes, the first set of tubes was removed followed by removal at 60 and 120 minutes,
respectively. The samples were tested for residual haemagglutination activity in comparison to the
untreated sample. The haemagglutination activity yielded by the untreated sample was regarded as
100% activity and the activity of the treated samples was calculated in percentage using the untreated

sample as a reference.
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CHAPTER 4

RESULTS

4.1 Specificity of anti-PAL antibodies

The lectin protein, PAL is naturally enzymatically inactive and cannot be detected by enzymatic
assays. Thus the first step carried out in order to detect the expressed PAL was to produce
antibodies which are a more sensitive way of detection compared to haemagglutination. This
would be most appropriate for detection of expression as it does not depend on production of the

functional lectin.

Antisera obtained from PAL immunized rabbits were tested to detect anti-PAL antibodies which
would be specifically used to detect recombinant and native PAL from crude protein extracts. In
this study, Ouchterlony or double immunodiffusion assay was performed to confirm the presence
of antibodies against PAL. The precipitin line observed indicated the presence and reaction of
PAL specific antibodies from sera of rabbits immunised with PAL protein (Figure 4.1). Thus the
rabbits successfully produced anti-PAL polyclonal antisera. No precipitin line was observed
between pre-immunisation sera (well A) and native PAL (well C) thus confirming that the pre-
immunisation sera loaded in well A does not contain any PAL specific antibodies as compared to

the PAL immunized sera in well B.

— y;ipitin line

Figure 4.1: A double immunodiffusion assay of native PAL (well C) against pre-immunisation
sera (well A) and anti-PAL antisera (well B). The precipitin line indicates a positive reaction
between PAL and anti-PAL antibodies.
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The antibodies were further analysed for use in Western blot by probing the native PAL in crude
protein extract of P. angolensis seed meal. A Western blot (Figure 4.2.b) clearly demonstrates a
strong positive signal (indicated by the arrow) with a band consistent in size to the expected P.
angolensis seed lectin. Some faint bands are also visible on the Western blot and these could be
due to non-specific binding possibly due to non optimization of the Western Blot procedure. The
signal obtained for PAL with the rabbit anti-PAL antibodies is sufficiently strong to discriminate
between background noise binding and specific binding with PAL lectin. The Western Blot results
confirmed the presence of anti-PAL antibodies which could specifically bind to both recombinant
and native P. angolensis seed lectins, hence the specificity of the rabbit anti-PAL antibody was

high enough for the intended use.

(@) (b)
Figure 4.2: SDS-PAGE gel (a) of crude protein extract from the seeds of P. angolensis. The

Western Blot (b) of a similar unstained gel as (a) revealed a strong positive reaction with rabbit

anti-PAL antibodies at a band corresponding in size to pure PAL as indicated by the arrow.
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4.2 PCR amplification of pal/Mukwa using gene specific primers

The pal gene (729 bp) previously cloned into a pPBAD/Myc-HisA and designated pBAD/Myc-
HisA-pal in a study by Chidzondwo (2006) was amplified using the forward primer Muk24/Kpnl
paired with the reverse primer Muk25. This amplification produced a Mukwa fragment of
approximately 700 bp (Figure 4.3), the size of which corresponds to the expected size of the

mature pal gene.

Figure 4.3: Amplicons obtained from pBAD/Myc-HisA-pal DNA using Muk24/Kpnl (forward)
and Muk25 (reverse) primers. Lane M: A DNA BstEIl Molecular weight markers, lane 1: non-

linearised pBAD/Myc-HisA-pal DNA, lanes 2 and 3: amplicons from pBAD/Myc-His-A-pal.
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4.2.1 Screening of E. coli (Top 10) transformants for pBAD/Myc-HisA-pal clones

A DIG-labelled pal gene was used as a probe to screen for pPBAD/Myc-HisA-pal clones from the
E. coli transformants using the colony lift and detection method. The dark brown spots on the
nitrocellulose membrane indicate the positive clones carrying the pal gene, thus demonstrating a

successful transformation.

Figure 4.4: Colony lift immunodetection of recombinant transformants. Colonies were lifted from
LB agar plates containing ampicillin and 20% L-arabinose. The dark brown spots (arrows) are
indicative of clones carrying the pal gene.

A number of positive transformants as identified by DIG-labelling detection (Figure 4.4) were
selected and analysed by PCR (results not shown) to further confirm that these indeed carried the
pal gene. Furthermore, following induction, one of the clones was analysed for expression of the
recombinant PAL protein using Western blotting. The Western blots (Figure 4.5 b) lanes 7, 8 and
9 show expression. The intensity of the bands, seem to suggest declining expression levels
corresponding to the decreasing concentrations (ranging from 20% through 2% to 0.2%,

respectively) of induction agent, L-arabinose. Lanes 2 and 3 on the other hand is negative for the
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lectin. The results clearly demonstrate that E. coli clones carrying pBAD/Myc-HisA-pal expressed
an inducible PAL.
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Figure 4.5: SDS-PAGE gel (a) and a corresponding Western Blot (b) of recombinant PAL

1 2 3 4 5 6 7 8

(8

expressed in E. coli. Lane M: Fermentas Protein MW markers, lane 1: pure PAL, lane 2: wild
type E. coli at time 0, lane 3: wild type E. coli at 4 hours, lane 4: pure PAL, lane 5: pBAD/Myc-
HisA-pal clone with 20% L-arabinose at time 0, lane 6: pBAD/Myc-HisA-pal clone with 2% L-
arabinose at time 0; lane 7: 20% L-arabinose induction after 4 hours; lane 8: 2% L-arabinose
induction after 4 hours and lane 9: 0.2% L-arabinose induction after 4 hours of incubation.

4.3 Cloning of the pal gene into pUC18

The pal gene was cloned into the expression vector pUC18 and resulted in a 3402 bp recombinant
DNA, pUC18-pal. Restriction analysis of this recombinant DNA confirmed successful cloning
(Figure 4.6). Restriction digestion with EcoRl, linearised the pUC18-pal vector (3402 bp) whilst
the second restriction enzyme digests (EcoRI then Kpnl; EcoRI then Smal) released fragments of
724 bp and 730 bp, respectively. As indicated by an arrow in Figure 4.6, lanes 3 and 4, both of
which are approximately equivalent in size to the expected pal gene.

63

9






m m m
= 8§ g § %2 bp
3 3 3
¥ +
¢
S000. S000.
5000 5000
4000 4000 10000
3402 6000
3000 3000
2678 2672 e 4000
2500 2500 -
2000 2000
2000
1500 1500
101
900
1000 1000 +— PAL gene
700
750 F W 750
(@ (b)

Figure 4.6: A virtual gel electrophoresis (a) of pUC18-pal restriction digestion constructed using
pDRAWS32 analysis programme and the corresponding agarose gel analysis (b) of pUC18-pal.
Lane M: Fermentas DNA ladder; lane 1: unrestricted pUC18-pal, lane 2: EcoRI linearised
pUC18-pal, lane 3: pUC18-pal restricted first with EcoRI then with Kpnl and lane 4: pUC18-pal

restricted first with EcoRI then with Smal.

4.3.1 Screening for pUC18-pal clones

Following transformation of E. coli with 100 ng of pUC18-pal, 37 transformants were observed
and the transformation efficiency was therefore 370 transformants per pg. Only one of the
transformants from the 37 screened using a DIG labelled pal fragment, was positive (Figure 4.7).

Clone number 11 (indicated by an arrow and a letter b) was confirmed to carry the pal gene since

it reacted in the same manner as the positive control (arrow with letter b).
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Figure 4.7: A DIG screening detection of pUC18-pal E. coli clones performed by transferring 37
transformants onto a nitrocellulose membrane followed by hybridization with DIG labelled pal
gene. The spot labelled (a) indicates a pBAD/Myc-HisA-pal clone used as a positive control and
the (b) spot, a positive pUC18-pal clone.

The only positive pUC18-pal clone detected by the DIG hybridization method had the pal gene as
confirmed by PCR amplification. Following electrophoresis of PCR products, a 739 bp amplified
fragment (lane 5) from the positive clone corresponds in size to the 739 bp pal gene (lane 1)
amplified from pBAD/Myc-HisA-pal (Figure 4.8). Lanes 2, 3 and 4 on the other hand show the
absence of pal gene from transformants which were DIG negative.
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Figure 4.8: A polymerase chain reaction analysis of pal gene amplicons from the DIG positive
clone and three other randomly selected DIG negative transformants. Lane M: Marker DNA
(Mass ruler DNA ladder mix), lane 1: the positive control (pBAD/Myc-HisA-pal clone), lane 2-4:

randomly selected transformants and lane 5: the positively identified clone (pUC18- pal ).

4.3.2 Restriction analysis of the recombinant pUC18-pal vector

It was expected that pUC18 will increase in size after insertion of a pal gene (724bp). Restriction
of a 739 bp pal amplicon with EcoRI and Kpnl resulted in a 724 bp fragment. A shift in size of
the linearised vectors is observed demonstrating that a 2686 bp pUC18 (lane 1) reduced with
EcoRI and Kpnl restriction to 2678 bp gained a pal fragment and resulted in a 3402 bp pUC18-
pal (lane 2) (Figure 4.9).
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Figure 4.9: A comparative restriction analysis of linearised pUC18 and pUC18-pal on agarose
gel. Lane M: Mass ruler DNA ladder mix, lane 1: a 2686 bp pUC18 and lane 2: the recombinant
3402 bp pUCL18- pal DNA.

4.3.3 Sequence of pal gene from the positive clone

The nucleotide sequences of the original pal as obtained from the recombinant pBAD/Myc-HisA-
pal vector and the pUC18-pal sequence which was obtained from the pUC18-pal clone DNA
sequencing results, were aligned and resulted in a 99% similarity as demonstrated in (Figure 4.10)

using Clustawl2.

pBAD/Myc.HisA- pal ATGGATTCCCTTTCCTTCGGCTTCCCTACGTTTCCTTCAGACCAGAAARAACCTAATCTTC 60
pUCl8-pal e
pBAD/Myc . HisA- pal CAAGGTGATGCACAGA-TTAAAAACAACGCAGTCCAGCTTACCAAGACAGACAGTAATGG 119
pUC18- pal -——-GT-ATGCACAGAATTAAAAACAACGCAGTCCAGCTTACCAAGACAGACAGTAATGG 55
khk kkkkhkkkhkhkk khkhkkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkxkkkx
pBAD/Myc . HisA- pal TAACCCAGTGGCAAGCACTGTTGGGCGAATCTTATTCTCGGCGCAAGTGCACCTTTGGGA 179
pUC18- pal TAACCCAGTGGCAAGCACTGTTGGGCGAATCTTATTCTCGGCGCAAGTGCACCTTTGGGA 115

R RS S EEE R RS SRR SRR SRR SRR SRR EEEEEEEEEEEEEEEEEEEEEEE RS
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pPBAD/Myc.HisA- pal AAAAAGCTCAA--GCAGAGTGGCAAACTTTCAATCCCAGTTCAGCTTTTCCCTCAAATCA 237

puUC18- pal AAAAAGCTTCATAGCAGAGTGGCAAACTTTCAATCCCAGTTCAGCTTTTCCCTCAAATCA 175
Kkkkk kKKK * R R e I R R I R
PBAD/Myc. HisA- pal CCGCTTTCCAATGGAGCCGACGGCATTGCCTTCTTCATCGCACCGCCGGATACTACCATA 297
pUC18- pal CCGCTTTCCA-TGGAGCCGACGGCATTGCCTTCTTCATCGCACCGCCGGATACTACCATA 234
KAKAKAKAKAKAKAA A, KA A A A A A A A A A AR A A A AR A A A A AR A A AR AR A A AR AR A A A A AR AR AR, KK
pPBAD/Myc . HisA- pal CCGAGCGGTTCGGGCGGAGGTCTCCTAGGGCTCTTTGCACCTGGAACTGCTCAAAACACG 357
pUC18- pal CCGAGCGGTTCGGGCGGAGGTCTCCTAGGGCTCTTTGCACCTGGAACTGCTCARAACACG 294
B R R R R R i R R I R I I S S S
PBAD/Myc . HisA- pal TCCGCGAACCAAGTGATTGCGGTTGAGTTTGACACCTTCTATGCTCAAGACTCTAACACT 417
pUC18- pal TCCGCGAACCAAGTGATTGCGGTTGAGTTTGACACCTTCTATGCTCAAGACTCTAACACT 354
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhkkkkkkkhkkhkkhkkhkkkkkk
PBAD/Myc . HisA- pal TGGGATCCGAATTACCCGCACATTGGAATCGATGTCAACTCCATTAGGTCTGTGAAGACT 477
pUC18- pal TGGGATCCGAATTACCCGCACATTGGAATCGATGTCAACTCCATTAGGTCTGTGAAGACA 414
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkkkhkkhkkkhkkhkkhkkkk
pPBAD/Myc . HisA- pal GTGAAATGGGATAGGAGAGATGGTCAATCCCTTAATGTCCTCGTAACATTTAACCCTAGC 537
pUC18- pal GTGAAATGGGATAGGAGAGATGGTCAACCCCTTAATGTCCTCGTAACATTTAACCCTAGC 474
hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhk hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkhkkkhkkkkk
PBAD/Myc . HisA- pal ACTCGAAACCTGGATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTAT 597
puC18- pal ACTCGAAACCTGGATGTCGTTGCTACTTACTCTGATGGTACAAGATACGAGGTGTCTTAT 534
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkhkkkhkkkkk
PBAD/Myc . HisA- pal GAGGTTGACGTGAGGTCCGTGCTTCCAGAATGGGTTAGAGTTGGATTCTCAGCTGCCTCA 657
puUC18- pal GAGGTTGACGTGAGGCCCGTGCTTCCAGAATGGGTTAGAGT TGGATTCTCAGCTGCCTCA 594
KAKAKAKAKAKAAAAAK A AA, A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A AR KKK
PBAD/Myc . HisA- pal GGAGAGCAATATCAAACGCATACTCTTGAATCATGGTCTTTCACCTCAACCTTGTTGTAC 717
pUC18- pal GGAGAGCAATATCAAACGCATACTCTTGAATCATGGTCTTTCACCTCAACCTTGTTGTAC 654
B R R R R R R R R R R R R R R R S
pBAD/Myc . HisA- pal ACTGCTCAGTAG === = === == = = m e e 729
puUC18- pal AC-GCTAAAAARATTCCAAACCTTTTTTTATTTTCTTATTCCCTTTTTATTTCTTCTCCT 713

Kk kKK K *

pBAD/Myc.HisA-pal ~  —-----mmmmmmmmm

pUC18- pal TCTCCCCCACTAGTGACTTATGTG 737

Figure 4.10: Multiple sequence alignment of pal amplified from the pUC18- pal positive clone
with the sequence of pal from pBAD/Myc-HisA- pal. The asterisks indicate the conserved regions
within the paired sequences whilst the dashes represent the gaps which are introduced in order to

yield maximum sequence alignment.
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4.4  Cloning of the pal gene into pYES2/CT, a yeast expression vector

The pal gene restricted from pUC18-pal vector using EcoRI and Kpnl restriction enzymes was
ligated to the pYES2/CT shuttle vector and the pYES2/CT-pal DNA was used to transform E.
coli. A colony PCR performed on the three E. coli transformants demonstrated the presence of pal
gene which is £ 700 bp in size (Figure 4.11) showing that all the three clones were positive

carriers of the pal gene.
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Figure 4.11: A polymerase chain reaction analysis of pYES2/CT-pal transformants amplified
using Muk25 and Muk24/Kpnl. Lane M: Fermentas DNA ladder, lane 1: a positive control and
lanes 2-4: pYES2/CT-pal transformants.

4.4.1 Isolation of pYES2/CT-pal

A 5963 bp pYES2/CT was reduced to a 5924 bp fragment (Figure 4.12) after restriction digestion
with EcoRI and Kpnl. Following ligation, the resulting fragment was expected to have gained a
724 bp pal gene fragment giving rise to a 6648 bp pYES2/CT-pal vector. This expected shift in
size by pYES2/CT-pal is demonstrated in lane 2 (Figure 4.12) which is virtually estimated to be
6600 bp, a band that is larger than pYES2/CT in lane 1. Restriction analysis of pYES2/CT-pal
(Figure 4.13), using EcoRlI further confirmed the presence of the expected 724 bp pal gene in the
pYES2/CT-pal clone.
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Figure 4.12: Restriction analysis of pYES2/CT (lane 1) and recombinant pYES2/CT-pal (lane 2)
vectors demonstrating the expected shift in size in the latter which confirms the successful
insertion of pal into the former vector DNA. Lane M: Fermentas Mass ruler DNA ladder mix.
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Figure 4.13: Restriction analysis of pYES2/CT-pal. Lane M: Fermentas DNA ladder mix, lane 1:
Unrestricted pYES2/CT-pal, lane 2: EcoRI linearised pYES2/CT-pal, lane 3: pYES2/CT-pal
linearised with EcoRI followed by restriction with Kpnl. The arrow illustrates the presence of pal

with the expected size of about 700 bp.
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4.4.2 Transformation of INVIScl with pYES2/CT-pal

Recombinant pYES2/CT-pal was transformed into S. cerevisiae (INVIScl) cells. Six randomly
selected INVIScl transformants were positive for the pal gene as confirmed by both the PCR
method using Muk24/Kpnl and Muk25 primers (Figure 4.14) and DNA sequencing.
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Figure 4.14: PCR screening of INVIScl transformants carrying the recombinant pYES2/CT-pal.
Lane M: Fermentas marker (Mass ruler DNA ladder mix); lane 1. pBAD/Myc-HisA-pal (a

positive control) and lanes 2 to 7: six pal positive clones.
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4.4.3 Cloned INVIScl-pYES2/CT-pal growth curve

A pYES2/CT-pal INVIScl clone was grown in SC-U (Selective media lacking Uracil), and
growth was measured at 5 hour intervals. Figure 4.15 shows a growth curve comparing the
INVIScl strain without vector, the INVISc1 strain carrying the expression vector without insert
and the INVIScL strain carrying the recombinant expression vector. As expected, the S. cerevisiae
(INVISc1 strain) did not grow in SC-U media due to the fact that it cannot grow in the absence of
uracil and is unable to naturally synthesize uracil. On the other hand, a growth patterns of
pYES2/CT and pYES2/CT-pal clones were similar.

INVISc1l GROWTH CURVE

Absorbancy (600nm)

Time (hours)

|—El— INVISc1 only —A— INVIScl with pYES2/CT —&— INVISc1 with pYES2/CT- PAL |

Figure 4.15: Growth of wild type INVISc1 (o), INVIScl with pYES2/CT only (A) and INVISc1
with pYES2/CT-pal (A) in SC-U media.
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4.5 Construction of the A. niger expression vector pPBARMTE1-pal

The pal gene was ligated into a 5000 bp pPBARMTEL vector and this increased the vector size to
approximately 5700 bp (Figure 4.16, lane 2). This increase in size to 5700 bp is as expected when
a 730 bp fragment is inserted into a 5000 bp vector (lane 1).
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Figure 4.16: Restriction analysis of pPBARMTEL constructs. Lane M: Fermentas mass ruler DNA
ladder mix, lane 1: linearised pPBARMTEL vector and lane 2: the recombinant pPBARMTEL1-pal.

4.6 Cloning of the pal gene into pKOV410 and pINA1293 and transformation of Y.
lipolytica

Expression of a gene in Y. lipolytica requires the gene to have a codon sequence that is specific for
usage in Y. lipolytica strains (Madzak et al., 2004). The pal gene codon sequence was optimised
and synthesised for heterologous expression in Y. lipolytica by Geneart (Germany, Europe). The
nucleotide sequences of the codon optimised pal gene and the native gene showed 81% similarity
in nucleotides (Figure 4.17). The 729 bp native pal gene was increased to 774 bp after the addition
of a 12 bp Xmnl, 6 bp Clal, 6 bp Pmll, 6 bp Avrll restriction sites and 15 bp nucleotides to help

keep the pal gene in frame within the expression vectors. Ligation of the pal gene to the
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pKOV410 and pINA1293 expression vectors at the 3’ end recreates the stop codon within the
recombinant pKOV410-pal or pINA1293-pal vectors. The stop codon is on either the pal gene or

the expression vector depending on which restriction enzyme is used.

Native = —-=—=—- CAGAAGCGATTC GACGACGACGACAAAATGGATTCCCTTTCCTTCGGC 54
Optimised GGCGCGCCGAAGCGATTC] GACGACGACGACAAGATGGACTCTCTGTCTTTCGGC 60

Kk kA kA Kk KA KA KA KA A KA KA A AKRAA N AR A R AK*E K*hkkhkhkk **k ** **k *kkkx***

Native TTCCCTACGTTTCCTTCAGACCAGAAAAACCTAATCTTCCAAGGTGATGCACAGATTAAA 114
Optimised TTCCCCACCTTCCCCTCTGACCAGAAGAACCTGATCTTCCAGGGCGACGCCCAGATCAAG 120

kkkkk kk kK Kkk Kk Kkhkhkkhkkhkkk hhkhkkk KhkkhkkAkkk K*k Kk K*k KkAkkkk Kk

Native AACAACGCAGTCCAGCTTACCAAGACAGACAGTAATGGTAACCCAGTGGCAAGCACTGTT 174
Optimised AACAACGCCGTGCAGCTGACCAAGACCGACTCTAACGGCAACCCCGTGGCCTCTACCGTG 180
kokk kK Kkok kk kkkkk Kkkkkkkk Kkkk  kkk kk Axkkkk KkkKkk ,ok Kk
Native GGGCGAATCTTATTCTCGGCGCAAGTGCACCTTTGGGAAAAAAGCTCAAGCAGAGTGGCA 234
Optimised GGCCGAATCCTGTTCTCTGCTCAGGTCCATCTGTGGGAGAAGTCCTCTTCTCGAGTGGCC 240
kok kkkkokk ok kkkkk Kk kk Kk Kkk Ak Kkkkkk Kk * ok ke Kk Kk KK Kk
Native AACTTTCAATCCCAGTTCAGCTTTTCCCTCAAATCACCGCTTTCCAATGGAGCCGACGGC 294
Optimised AACTTCCAGTCTCAGTTCTCTTTCTCTCTGAAGTCTCCCCTGTCTAACGGCGCCGACGGA 300
kokkkx Kkok Kk Kkokokkk Rk kok Kk kk kk kKk kk kk kk Kk kk  kkkkokokokok
Native ATTGCCTTCTTCATCGCACCGCCGGATACTACCATACCGAGCGGTTCGGGCGGAGGTCTC 354
Optimised ATCGCCTTCTTCATTGCTCCCCCCGACACCACCATTCCCTCTGGCTCTGGCGGCGGACTG 360
kok Kk kkkkkkrkkKk kk Kk Kkk Ak Kk kkkkKk kK Kk kk kkkxKk Kk k%
Native CTAGGGCTCTTTGCACCTGGAACTGCTCAAAACACGTCCGCGAACCAAGTGATTGCGGTT 414
Optimised CTGGGCCTGTTCGCTCCCGGCACCGCCCAGAACACCTCTGCCAACCAGGTGATCGCCGTG 420

kK kK Kk kK kK kK kk kK kK kk Kkhkkkk kK kK Kkhkkhkkk Kkhkkkk ¥k K%

Native GAGTTTGACACCTTCTATGCTCAAGACTCTAACACTTGGGATCCGAATTACCCGCACATT 474
Optimised GAGTTCGACACCTTCTACGCCCAGGACTCTAACACCTGGGACCCCAACTACCCCCACATC 480

khkkhkk khkkkkkkkhkkk hk kk kkkkkkkkkkk khkkkk kk kk kkkkk kkkkk

Native GGAATCGATGTCAACTCCATTAGGTCTGTGAAGACTGTGAAATGGGATAGGAGAGATGGT 534
Optimised GGCATCGACGTGAACTCTATCCGATCTGTCAAGACCGTGAAGTGGGACCGACGAGATGGC 540

*k kkkkk kk kkkkk kK * kkkkk kkkkk kkkkk kkkkk * * ok ok ok ok ok ok

Native CAATCCCTTAATGTCCTCGTAACATTTAACCCTAGCACTCGAAACCTGGATGTCGTTGCT 594
Optimised CAGTCTCTGAACGTGCTGGTGACCTTCAACCCCTCTACCCGAAACCTGGACGTGGTCGCT 600
kk kk kk kk Kk Kk Kkk Kkk kk xkAkK Kk kokkkkkkkkkk Kk Kk kokok
Native ACTTACTCTGATGGTACAAGATACGAGGTGTCTTATGAGGTTGACGTGAGGTCCGTGCTT 654
Optimised ACCTACTCTGACGGCACCCGATACGAGGTGTCTTACGAGGTGGACGTGCGATCTGTGCTG 660

*k kkkkkkkk kk kK khkkhkhkkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkk *khkkhkkhkk khkkkkk * *k Kkkkkk

Native CCAGAATGGGTTAGAGTTGGATTCTCAGCTGCCTCAGGAGAGCAATATCAAACGCATACT 714
Optimised CCCGAGTGGGTGCGAGTGGGCTTCTCTGCCGCCTCTGGCGAGCAGTACCAGACCCACACC 720

* Kk kk kkkkk khkkk kk kkkkk kk kkkkk kk kkkkk kk kk kk kk kK

Native CTTGAATCATGGTCTTTCACCTCAACCTTGTTGTACACTGCTCAG TAGCCTAGG 774
Optimised CTGGAGTCTTGGTCTTTCACCTCTACCCTGCTGTACACTGCCCAG TAACCTAGG 780

kk kk kk kkkkkkkkkkkkkk khkhkk kk kkkkkkkkkhkk khkkkkkkkkkk kkkkkk

Native = -————-——-
Optimised TTAATTAA 788

Figure 4.17: Nucleotide sequence alignment of the native and codon optimised pal gene. The Clal (navy
blue) and the Xmnl (green) sites were introduced in the 5’ end of the mature pal gene sequence. In the 3’
end, the Pmll (red) and Avrll (yellow) restriction sites were introduced on either side of the stop codon

(underlined). The asterisks highlight the conserved regions of both sequences.
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The successfully codon optimised pal gene was restricted with Xmnl and Avrll restriction enzymes
and the expression vectors i.e. rDNA based pKOV410 and zeta based pINA1293 were similarly
cut with the same restriction enzymes. rDNA promotes homologous multiple integrations into the
ribosomal DNA of the Y. lipolytica strain whilst zeta sequences promote non-homologous multiple
integration into genomes of suitable strains. The linearised fragments were excised from agarose
gel before gel documentation due to the fact that extended exposure to UV damages the DNA
(Figure 4.18, a and b). The codon optimised pal gene was similarly restricted from the
071514pCRA4Blunt host vector and excised from the gel for purification and ligation as seen in
lane 2 (Figure 4.18 (a)).
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Figure 4.18: Restriction digestions of Y. lipolytica expression vectors pKOV410 and pINA1293
and of the pal gene host vector 071514pCR4Blunt. (a) Lane M: Fermentas Mass ruler DNA ladder
mix; lane 1: unrestricted 071514pCR4Blunt; lane 2: Xmnl restricted 071514pCR4Blunt; lane 3:
undigested pINA1293 and lane 4: an excised band of XmnI-Avrll restricted pINA1293 which was
ligated to the pal fragment excised from lane 2. (b) Lane M: Mass ruler DNA ladder mix; lane 1:
undigested pKOV410 and lane 2: an excised band of Xmnl-Avrll linearised pKOV410.
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4.6.1 Construction of pKOV410-pal and pINA1293-pal and transformation of E. coli with the

pal constructs

Following ligation of the codon optimised pal gene into the expression vectors pKOV410 and
pINA1293, successful ligation was verified by a double restriction digestion which
revealed two fragments one of which was close to 800 bp in size, confirming the presence of pal
gene (Figure 4.19). After verification, these recombinant shuttle vectors were transferred into E.
coli for amplification and subsequently isolated and purified to transform Y. lipolytica.

R —pa! gene

a b
Figure 4.19: Restriction analysis of recombinant vectors pKOV410-pal and pINA1293-pal on a
1% agarose gel. (a) Lane M: Mass ruler DNA ladder mix; lane 1 and 2: XmnI-Pmll restricted
pINA1293-pal and (b) Lane M: Mass ruler DNA ladder mix; lane 1 and 2: XmnI-PmlI restricted
pKOV410-pal.
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4.6.2 Transformation of Y. lipolytica with pKOV410-pal and pINA1293-pal

After transformation of the vectors into the host cell Y. lipolytica, twenty transformants were
randomly selected to verify if these carried the pal gene. Genomic DNA’s from the twenty
pKOV410-pal transformants (Figure 4.20) which were screened by PCR for the presence of pal
gene. Again 20, randomly selected pINA1293-pal transformants were similarly screened by first

isolating the genomic DNA (results not shown).

10000hy Genomic DINA
- RNA
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Figure 4.20: Genomic DNA extracted from 20 randomly selected pKOV410-pal Y. lipolytica
transformants. Lane M: 1Kb Marker DNA (New England Biolabs-NEB), lanes 1- 20: genomic

DNA from the twenty transformants.

Using the forward and reverse sequencing primers pKOV410 seg-1F and pKOV410 seg-1R, the
genomic DNA from the 20 transformants was screened by PCR for the presence of the pal gene.
Of the 20 pKOV410-pal transformants, only 3 transformants i.e. lanes 2, 11 and 13 had fragments
of approximately 1.0 Kb (Figure 4.21) which is the expected size of a fragment carrying the
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approximately 800 bp pal gene as well as the signal and terminal peptides since the primers also

amplify part of the vector DNA.

P2 0 10 M 1112 13 14 15 16 17 18 19 20

15
1.0

Figure 4.21: Analysis of PCR amplicons obtained from the genomic DNA of Y. lipolytica
transformed with pKOV410-pal. Lane M: 1Kb marker DNA (NEB); lane 2-10 and 11-20: the

amplicons from genomic DNA of transformants.

The three positive amplicons from Y. lipolytica transformants (Figure 4.22, lanes 2-3) were
electrophoresed on an agarose gel adjacent to the positive control, the pKOV410-pal amplicon
obtained from the pKOV410-pal DNA (Figure 4.22, lane 1). Results from this analysis illustrated
the presence of the pal fragment at approximately 1000 bp.

bp

Figure 4.22: Analysis of the PCR amplicons of Y. lipolytica-pal genomic DNA in comparison to
the positive control. Lane M: Mass Ruler DNA ladder mix (Fermentas); lanel: a positive control
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amplicon from pKOV410-pal DNA; lane 2-4: amplicons from pKOV410-pal transformants 2, 11
and 13.

PCR amplification of recombinant pINA1293-pal from the genomic DNA of 19 randomly selected
Y. lipolytica transformants are shown in Figure 4.23. The twentieth PCR product from the
twentieth transformant loaded and electrophoresed on a separate gel (results not shown) was
negative. Following PCR, only one transformant confirmed the presence of a pal gene (lane 6)
which corresponded in size with the expected 1000 bp fragment. The Y. lipolytica transformants
and vector based amplicons obtained using the sequencing primers are 210 bp bigger than the
optimised pal gene. The sequencing forward and reverse primers anneal outside the signal peptide
and the terminal sequences of both the pKOV410-pal and pINA1293-pal vectors. The increase in
size may therefore be due to the inclusion of the sequences of the signal peptide (93 bp) and the

terminal sequence (127 bp) in the amplicon.
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Figure 4.23: PCR products amplified from genomic DNA of pINA1293-pal transformants. Lane
M: Mass ruler DNA ladder mix (Fermentas); lane 1: control (pINA1293-pal) amplicon; lane 2-19:
PCR products from the transformants.
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4.7 Expression of pal gene in E. coli, S. cerevisiae and Y. lipolytica, and construction of A.

niger expression system

The aim of this study was to compare the production levels of PAL in three host cells, E. coli and
two yeasts i.e. S. cerevisiae and Y. lipolytica and to construct an A. niger expression vector
carrying the pal gene. Recombinant vectors were successfully constructed and successfully
transferred into various host cells with the exception of A. niger. The positive clones were
identified in E. coli, and S. cerevisiae and Y. lipolytica host cells. The next step was to investigate
PAL production from these different host cells. The inducible expression of PAL was successfully
demonstrated in E. coli clones as discussed in section 4.2.1. Expression of PAL in S. cerevisiae
was unsuccessful probably due to (i) the difficulty of extracting intracellular protein from yeast
cells and/or (ii) the fact that codon optimisation of pal gene for expression in S. cerevisiae was
overlooked. A successful and improved expression was observed in Y. lipolytica and will be

discussed below.

4.7.1 Protein extraction from pal positive Y. lipolytica clones

The total protein resolved on Coomassie blue stained SDS-PAGE (Figure 4.24a, lanes 1 to 4 and 8
and Figure 4.25a lanes 1 and 4 to 7) revealed intense bands slightly larger than the native PAL
protein band of 28 kDa. This band from Y. lipolytica clones is + 3 kDa larger in size than native
PAL. In order to confirm if the suspected bands were PAL proteins, Western blotting was carried
out using the PAL specific rabbit polyclonal antisera. The + 31 kDa bands noted in Figure 4.24 (a)
produced signals which confirmed that these reacted with anti-PAL antibodies in the same manner
as the native PAL (lane 1). However, more bands, especially in the 250 kDa region, were also
detected (Figure 4.24 (b)) which could have resulted from non-specific binding or even non
stringency. The primary antibody concentration of 1:800 and the secondary antibody concentration
of 1:1000 were used in the Western blot procedure (Figure 4.24b).
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Figure 4.24: SDS-PAGE (a) and a Western blot (b) analysis of crude supernatants from
pKOV410-pal and pINA1293-pal clones. Lane M: Prestained protein marker plus (Fermentas);
lanel: Pure native P. angolensis seed lectin; lane 2: pKOV410-pal clone number 2; lane 3:
pKOV410-pal clone number 11; lane 4: pKOV410-pal clone number 13; lanes 5-7 and 9-11:

randomly selected Y. lipolytica transformants which were negative on PCR amplification and lane
8: pINA1293-pal clone number 5.

Following the first Western blot, a second Western blot was carried out with the reduced antibody
concentration and instead of the X-ray development method used for results shown in Figure 4.24,
the peroxidase substrate DAB (Diaminobenzidine) was used. All the positive clones were run on
SDS-PAGE gel along with the native PAL, the wild type Y. lipolytica without vector and Y.
lipolytica with vectors but without pal gene (Figure 4. 25). The SDS-PAGE revealed intense bands
slightly bigger than the native PAL band in lane 1, which are not seen in both the wild type Y.
lipolytica crude extracts (Figure 4.25). Western blot revealed immunoreactivity of a single band in
the 31 kDa region from Y. lipolytica clones carrying the pal gene as well as in the 28 kDa region
by the native seed PAL.
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Figure 4.25: Analysis of crude protein extracts from Y. lipolytica transformants carrying
pKOV410-pal and pINA1293-pal by SDS-PAGE (a) and Western blot (b). Lane M: Protein
marker; lane 1: Pure native PAL; lane 2 and 3: Wild type Y. lipolytica without vector; lanes 4-6:
pKOV410-pal clones 2, 11 and 13; lane 7: pINA1293-pal clone number 5; lane 8: Wild type Y.
lipolytica with pKOV410 only and lane 9: Wild type Y. lipolytica with pINA1293 only. A primary

antibody concentration of 1:1000 and the secondary antibody concentration of 1:2000 were used.

4.7.2  Growth profile of wild type Y. lipolytica against pKOV410-pal and pINA1293-pal

clones

The three Y. lipolytica strains grew well and followed a normal growth pattern when grown under
the same conditions (Figure 4.26). A pINA1293-pal clone demonstrated the highest growth
whilst a pKOV410-pal clone had a growth curve that was not different from that of Y. lipolytica

strain without the expression vectors and the pal gene.
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Figure 4.26: A growth curve of Y. lipolytica clones carrying the pal gene and the wild type Y.

lipolytica strain. Absorbance readings were taken at 600 nm.

4.7.3 SDS-PAGE, Western blot and glycosylation detection studies of various PAL

proteins

A Western blot (Figure 4.27 (b)) prepared from SDS-PAGE gel (Figure 4.27 (a)), demonstrates
antibody binding to native PAL, rec-PAL from E. coli clone, rec- PAL from Y. lipolytica clone as
well as both fragments of the N-glycanase treated rec-PAL from Y. lipolytica, confirming the
specific binding of anti-PAL to PAL in all samples except the ovalbumin protein. A blot to detect
glycosylation using biotin labeled conA and streptavidin peroxidase instead of primary and
secondary antibodies respectively (Figure 4.27 (c)) demonstrates that ovalbumin (lane 5), rec-PAL
from Y. lipolytica (lane 3) and only the larger subunit of the N-glycanase treated rec-PAL (lane 4,
A) from Y. lipolytica are glycosylated. No glycosylation was observed in native PAL and in rec-
PAL from E. coli. It is demonstrated in Figure 4.27 (a) lane 3, that rec-PAL from Y. lipolytica is
approximately 3 kDa bigger than the native PAL (lane 1) possibly due to glycosylation which is
confirmed by Figure 4.27 (c) whereby the deglycosylated fragment (B) does not show
glycosylation and also appears to have shifted to almost the same level as the native PAL (Figure
4.27 (a)).
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(c)

Figure 4.27: A 12.5% Coomassie blue stained SDS-PAGE (a), Western blot (b) and glycosylation
blot using biotin labeled conA (c) analysis of native PAL and recombinant PAL from both E. coli
and Y. lipolytica clones. Lane M: Protein molecular weight marker, lane 1: pure native PAL, lane
2: protein extract from E. coli clone, lane 3: supernatant from Y. lipolytica, lane 4: partially
deglycosylated rec-PAL from Y. lipolytica and lane 5: ovalbumin (a positive control for
glycosylation).

4.7.4 Partial purification of Y. lipolytica PAL by size exclusion chromatography

Three distinct peaks were identified (Figure 4.28) following size exclusion chromatography
through a Biogel P100 column. One very large peak (P3) and two smaller peaks (P1 and P2) were
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eluted and concentrated 10 times using ultrafiltration system. No bands were observed on SDS-

PAGE analysis of the fractions from the three peaks.
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Figure 4.28: A size exclusion chromatogram of Y. lipolytica rec-PAL eluted through a BioGelP-

100 column with saline azide buffer at a flow rate of Iml/min.

4.7.5 Determination of recombinant PAL fraction by haemagglutination assay

To determine which of the three peaks (Figure 4.28) exhibit the lectin characteristics, each was
subjected to the haemagglutination assay along with the native PAL and the crude recombinant
PAL separately. From the three identified peaks, only peak 1 agglutinated rabbit erythrocytes
whilst the other peaks were negative for haemagglutination (Figure 4.29). The titre value
considered is the last unit in which haemagglutination is observed. A fraction from Peak 1 showed
activity of 18.5 titre units/mg whilst a crude recombinant PAL supernatant showed activity of 1.39
titre units/mg. Although a crude protein is more concentrated than the partially purified fraction,
the crude could have substances that inhibit haemagglutination hence even at a higher
concentration, it has the lowest activity. The native PAL on the other hand showed activity of 3.2

titre units/mg.
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Figure 4.29: Haemagglutination assay of PAL from various sources. Column C: the negative

control.

4.7.6 Estimation of recombinant PAL concentration in culture supernatants

From the dot blot of PAL standards, the concentration of recombinant PAL in Y. lipolytica
supernatant was estimated to be 37.6 mg/l, following extrapolation from the linear graph of

densities (pixels) versus concentrations.

4.8 Characterisation of a partially purified recombinant PAL

4.8.1 Glycoprotein/Sugar inhibition assay

Lectins are characterised by their specificity to bind various sugars and once specific sugars bind,
the lectin loose its ability to haemagglutinate. The haemagglutination of different PAL’s in the
presence of different sugars were performed and the results are shown in Table 4.1 and Figure
4.30. The three PAL proteins showed varying haemagglutination inhibition patterns (Figure 4.30
and Table 4.1). All three proteins were strongly inhibited by B-D-glucosamine and Asiolofetuin
whereas Sialic acid and galactose did not inhibit haemagglutination in any of the three proteins.
Native PAL was generally strongly inhibited by most sugars whereas the rec-PAL from E. coli
was generally not inhibited by most sugars. The rec-PAL from Y. lipolytica inhibition pattern was
generally similar to that of the native PAL but not as strong and only different from native PAL

87





inhibition for N-acetyl-D-glucosamine, glucose and mannose. Results for the following sugars
(Galactose, Glucose, Mannose, Asiolofetuin and Fetuin) are not shown in Figure 4.30.

Native pAL|: R Y Wy vy vy v
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Rec-PAL (% coli
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Figure 4.30: Sugar Inhibition assay using 25ul of 0.2M sugars and 4% rabbit erythrocytes.
Column 1: Fructose, column 2: Fucose, column 3: N-acetyl-D-glucosamine, column 4: 3-D-
glucosamine, column 5: Lactose, column 6: Maltose, column 7: Melibiose, column 8: Sucrose,
column 9: B-D-glucopyranoside and column 10: Sialic acid.

Table 4.1: Glycoprotein/Sugar Inhibition assay of lectins (PAL)

Sugars Native PAL Rec-PAL (E. coli)  Rec-PAL (Y. lipolytica) P1
Fructose +++ - ++

Fucose +++ - +
N-acetyl-D-glucosamine +++ - -

B-D-glucosamine +++ +++ +++

Lactose +++ - +

Maltose +++ - *

Melibiose +++ - +

Sucrose +++ - +

Sialic acid - - -
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B-D-glycopyranoside e i .\

Galactose - - -
Glucose ++ - -
Mannose +++ - -
Asiolofetuin +++ +++ 4+
Fetuin ++ +++ +

Keys: + slight inhibition
++ Moderate inhibition
+++  Strong inhibition
- No inhibition

I+

Questionable inhibition
4.8.2 Molecular size of rec-PAL

From the distance travelled by each of the molecular weight markers on SDS-PAGE gel, a
standard curve was plotted against the reciprocal of the molecular weights. The molecular weight
of the recombinant PAL protein from Y. lipolytica was determined using the equation obtained
from the linear regression graph and the distance travelled by recombinant PAL fragment. Native
PAL fragment was used as a control since its molecular weight was previously determined to be
28 kDa (Echemendia-Blanco et al., 2009). Using the distance travelled and the reciprocal of each
of the molecular weights, the linear standard curve with the R* value of 0.998 was plotted. The
equation obtained from the linear graph was used to calculate the size of the unknown
recombinant PAL (found to be 31.22 kDa) and the accuracy of this was verified when a known

size of native PAL was confirmed as 28.29 kDa.
4.8.3 Thermal stability of rec-PAL

Native PAL and rec-PAL were exposed to six different incubation times in a boiling water-bath
followed by haemagglutination assay. The titres were noted and recorded in Table 4.2 below and
then converted to graphs as shown in Figure 4.31. A 100 % haemagglutinating activity titre was
equated to the untreated sample and change in haemagglutinating activity is indicated by either an
increase or a drop in percentage activity. It was observed that rec-PAL has a higher constant
stability than native PAL. The native PAL’s haemagglutination drops immediately (x 5 minutes)
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to about zero after thermal inactivation. Interestingly, the rec-PAL remains unaffected after 5
minutes then shows a 2 fold increase in haemagglutination after 10 minutes. After this increase the
activities of both proteins gradually drop with rec-PAL still showing residual activity higher than
native PAL after 120 minutes of deactivation.

Table 4.2: Stability of native and rec-PAL at 95 °C

Time (minutes) Haemagglutination activity (titre)
Native PAL Y. lipolytica PAL
0 32 128
5 2 128
10 2 256
30 4 64
60 2 32
120 2 16
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Thermal stability of N.PAL versus Rec-PAL
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Figure 4.31: A graph of residual haemagglutination activity in percentage of the native PAL (o)
and rec-PAL from Y. lipolytica, (m) after deactivation for various times in a boiling water-bath.

4.8.4 Influence of different media on rec-PAL production

A comparative analysis of two different media and two Y. lipolytica expression vectors were
performed so as to study the time course for production of recombinant PAL by Y. lipolytica using
the slot blot with anti-PAL antibodies. The intensity of the band was used to visually estimate the
level of production (Figure 4.32). The CSIR media compared with YPD performed poorly whilst
pKOV410-pal strain compared with pINA1293-pal strain was found to be weaker for recombinant
PAL production.
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Figure 4.32: A slot-blot analysis of extracellular rec-PAL from daily samples of Y. lipolytica
clone grown in CSIR media (column 3 and 5) and YPD media (column 2 and 4), transformed with
pKOV410-pal (column 4 and 5) and pINA1293-pal (column 2 and 3). Rows B to H represents
incubation period of Y. lipolytica clone in the various media in days ranging from 1 day (B), 2
days (C) to 7 days (H). Row A represent the serial dilutions native PAL ranging from 1/1 to 1/8.

4.9 Multiple amino acid sequences alignment analysis of the different PAL proteins

In order to investigate the similarities and differences among the amino acid sequences of genes
cloned into different host organisms in comparison with native pal gene, pUC18-pal, pYES2/CT-
pal and 071514pCR4Blunt were translated into their respective amino acid sequences using
Expasy translation program and aligned for analysis. The multiple alignment program (Clustawl2)
was used to produce the diagram in Figure 4.33 below, which clearly demonstrates the 100 %
similarity between the native PAL and the Y. lipolytica rec-PAL whilst there is a 65 % similarity
among the four genes. This could account for the successful expression of rec-PAL in the Y.

lipolytica clone.
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PAL MDSLSFGFPTFPSDQKNLIFQGDAQIKNNAVQLTKTDSNGNPVASTVGRILEFSAQVHLWE 60

Y1-PAL MDSLSFGEFPTFPSDQKNLIFQGDAQIKNNAVQLTKTDSNGNPVASTVGRILFSAQVHLWE 60

INVIScl-PAL ————————————mmm— MLGASAPLGKKLKQSGK--==-=—==——— LSIPVQLFP 26

PUCL18-PAL = =  —-———mmm s o mm MPVQLFP 7

*i¥xe

PAL KSSSRVANFQSQFSFSLKSPLSNGADGIAFFIAPPDTTIPSGSGGGLLGLFAPGTAQNTS 120

Y1-PAL KSSSRVANFQSQFSFSLKSPLSNGADGIAFFIAPPDTTIPSGSGGGLLGLFAPGTAQNTS 120

INVIScl-PAL -——--QITAFH---=—=-——=——— - — - 69

pUC18-PAL ----QITAFH---——-——————— GADGIAFFIAPPDTTIPSGSGGGLLGLFAPGTAQNTS 50

*: khkkkhkkhkkhkkhkkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkkhkkx*%

PAL ANQVIAVEFDTEFYAQDSNTWDPNYPHIGIDVNSIRSVKTVKWDRRDGQSLNVLVTENPST 180

Y1-PAL ANQVIAVEFDTEFYAQDSNTWDPNYPHIGIDVNSIRSVKTVKWDRRDGQSLNVLVTENPST 180

INVIScl-PAL ANQVIAVEFDTFYAQDSNTWDPNYPHIGIDVNSIRSVKTVKWDRRDGQPLNVLVTENPST 129

pUC18-PAL ANQVIAVEFDTFYAQDSNTWDPNYPHIGIDVNSIRSVKTVKWDRRDGQPLNVLVTENPST 110
ok ok ok ko ok kK ok ok ok ok ok kK ok ok K ok ok ok ok ok ok Kk ok ok ko ok ok K ok ok K ok ok ok ok ok ok Kk ok ko kK K ok ok K ok ok ok K

PAL RNLDVVATYSDGTRYEVSYEVDVRSVLPEWVRVGFSAASGEQYQTHTLESWSEFTSTLLYT 240

Y1-PAL RNLDVVATYSDGTRYEVSYEVDVRSVLPEWVRVGFSAASGEQYQTHTLESWSFTSTLLYT 240

INVIScl-PAL RNLDVVATYSDGTRYEVSYEVDVRSVLPEWVRVGFSAASGEQYQTHTLESWSFTSTLLYT 189

pUC18-PAL RNLDVVATYSDGTRYEVSYEVDVRPVLPEWVRVGFSAASGEQYQTHTLESWSEFTSTLLYT 170
************************.***‘k*‘k*****************************

PAL AQ-———————— == 242

Y1-PAL AQHV-=-——=————————————— 244

INVIScl-PAL A-mm—mm 190

pUC18-PAL

LKKFQTFFYFLIPFLFLLLLPH 192

Figure 4.33: Multiple sequence alignment of the amino acid translated from the gene sequences
of PAL cloned into different host organisms. PAL, native pal gene from Mukwa seeds; YL-PAL,
pal gene in 071514pCR4Blunt; INVIScl-PAL, pYES2/CT-pal and pUC18-PAL, pUC18-pal
gene. The grey highlight illustrates the identical regions among the four amino acid sequences.
The dashes were introduced in order to obtain maximal sequence alignment whilst asterisks

highlights the identical amino acids among the four amino acid sequences.
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CHAPTER 5

GENERAL DISCUSSION

5.1 Recombinant lectins

Lectins are known to have specific affinity towards carbohydrates and because of this function,
these proteins amongst other useful applications are, used in medical and biological research
(Kennedy et al., 1995). There are challenges in preparing sufficient amounts of lectins from
natural sources (Gemeiner et al., 2009; Lannoo et al., 2007). The extraction of lectins from seeds
is tedious and the yields are generally low, and lectins considered to be pure were found to be
contaminated with varying collection of biomolecules and other low molecular weight
compounds like phenols. To overcome these challenges, heterologous expression, which has
been successfully used for overproduction of various lectins, was first introduced and used for
the expression and secretion of a wheat germ lectin in S. cerevisiae (Gemeiner et al., 2009). This
pioneering work proved that a lectin could be successfully cloned and expressed as a
recombinant protein in a heterologous host. This meant that a lectin could be produced at
sufficiently high yields compared to the natural source. Bulk production also meant that more

robust purification could be used to purify the lectin.

To overcome the problem of yield, purity and to produce soluble recombinant lectins, various
researchers evaluated eukaryotic cloning and expression systems (Lannoo et al., 2007; Oliveira
et al., 2008). Both plants and moulds including yeasts and filamentous fungi belong to the same
super-kingdom eukarya, and this factor makes lower eukaryotes like yeasts (unicellular
organisms) to be more appropriate as hosts for heterologous expression of plant proteins
including lectins (Caetano-Anollés et al., 2009; Lannoo et al., 2007; Oliveira et al., 2008). It has
been noted that although yeasts are related to plants, the native plant lectins like the nictaba
lectin and frutalin lectin are naturally not glycosylated whereas heterologous production of such
in yeasts become glycosylated and this is initiated by addition of mannose outer chains to the

synthesized protein (Kopecny et al., 2005; Oliveira et al., 2008; Lannoo et al., 2007).
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Since PAL was successfully cloned and expressed in E. coli (Chidzondwo, 2006), this study first
sort to confirm the expression of PAL in E. coli. The expression levels, yield and biochemical
characteristics of recombinant PAL from two eukaryotic expression systems were compared with
each other and with E. coli expressed PAL. The yeast expression system was found to yield a
biochemically functional recombinant PAL compared to E. coli expressed PAL. Therefore, in
this study, the cloning and characterization of clones carrying recombinant PAL in various host
organisms E. coli, S. cerevisiae and Y. lipolytica are discussed. More detailed experiments were
then conducted to improvethe expression and the recombinant lectin was partially purified from
Y. lipolytica since this host proved to be a superior host among the three hosts for PAL

expression.

5.2 Expression of the gene for PAL in E. coli

In this study, the pal gene was successfully cloned in E. coli. In a similar manner as the previous
study (Chidzondwo, 2006), the intracellular recombinant PAL was obtained after cell lysing and
this was confirmed by SDS-PAGE and Western blot analysis. Recombinant PAL production
from E. coli was only obtained after induction with L-arabinose and was not detected in media
that was not induced. Increasing the concentration of the inducer (L-arabinose) from 0.2 % to 2%
did not make any noticeable difference in the levels of expression of PAL as observed on
Western blot. However, the level of expression of PAL was significantly higher when 20% L-
arabinose was added. Induction by IPTG improved recombinant SALT lectin production in E.
coli by 23 % in a study by Branco et al. (2004) and this recombinant protein was similar in size
to the native Oryza sativa L (rice) lectin. Even though expression of a plant lectin (KM+) was
achieved in E. coli, as in our study, the bacterial system failed to produce satisfactory quantities
of recombinant KM+ lectin (daSilva et al., 2005). The intracellular production of PAL would
mean that the protein does not undergo any post-translational modification, and this might render
the recombinant protein not active which is generally the problem with expression of eukaryotic
proteins in E. coli (daSilva et al., 2005 and Lannoo et al., 2007). Secondly, the protein would
have to be extracted and purified from the inside of the cell and refolded in vitro to restore the
biochemical activity of PAL. Both these steps would reduce the yield of a biochemically active
lectin (Lannoo et al., 2007).
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The findings from Echemendia-Blanco, (2001), illustrated that native PAL does not undergo any
post-translational modification, hence the exploration of PAL expression was initially targeted in
E. coli. The earlier studies, in which expression and purification of seed lectins from Pterocarpus
indicus and Pterocarpus echinatus were explored, were a success with the exception that the
pure recombinant P. indicus lectin was produced at very low yields by E. coli-Topl0
(Echemendia-Blanco, 2001). Both native lectins were found to have similar characteristics and to
be of equal size to P. angolensis seed lectin. The recombinant lectins had the same molecular
weights as the native lectins and similar but not identical carbohydrate binding properties
(Echemendia-Blanco, 2001). The possibility of glycosylation and of having isolated differing
isolectins from the seeds was identified as potential reasons for the differences of the
recombinant lectins. Similarly heterologous expression of P. angolensis in E. coli was
successfully carried out (Chidzondwo, 2006 and this study) even though the yield of recombinant
PAL was low. This low yield could possibly be due to the formation of insoluble aggregrates
accounting for approximately 75 % of the total recombinant protein (daSilva et al., 2005).
Another study confirmed that expression of the recombinant Erythrina cristagalli lectin (ECL) in
E. coli was localized to the inclusion bodies except that the recombinant protein was found to be
soluble and was not glycosylated (Stancombe et al., 2003). It was suspected that low yield of
recombinant PAL in E. coli was due to toxicity to the E. coli cells resulting from accumulation of
recombinant PAL inside the cells coupled with the fact that the bacterial proteases degrade any
foreign protein as it is produced (Chidzondwo, 2006).

5.3 pal gene construct for expression in A. niger

Exploring the use of filamentous fungi as production hosts increased due to their high potential
to naturally secrete large amounts of proteins into the growth medium coupled with the
availability of complex post-translational processing machinery (Nevalainen et al., 2005; Koda

et al., 2005).

Heterologous expression of a plant a-glucan phosphorylase (GP) gene was successfully explored

through the use of an optimized synthetic gene (Koda et al., 2005). The expression of GP was
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comparatively higher in A. niger than when E. coli expression systems were used (Koda et al.,
2005).

The A niger expression system constructed in this study makes use of Phosphinothricin (PPT) as
a selectable marker. The anti-metabolite PPT (ammonium glufosinate), is similar to glutamate,
the substrate of glutamate synthetase (GS) which acts as a competitive inhibitor of GS (Sundar
and Sakthivel, 2008). Because PPT was originally intended for plants as a herbicide, the enzyme
GS in both plants and microorganisms, catalyzes the changing of glutamate to glutamine, thereby
eradicating the toxic ammonia from the cell, this enzyme has an essential role in regulating
nitrogen metabolism and ammonia assimilation (Sundar and Sakthivel, 2008). Inhibition of GS
results in ammonia accumulation and therefore disruption of chloroplast which consequently
leads to inhibition of photosynthesis and then plant cell death (Sundar and Sakthivel, 2008). The
initial usage of the bar gene as a fungal dominant marker was explored in Neurospora crassa in
a study by Avalos in 1989 (Ahuja and Punekar, 2008). A study by Ahuja and Punekar (2008)
proved that PPT can be used successfully as an alternative selectable marker for A. niger
transformations especially because it is readily available, affordable and is said to be of lesser
toxicity to humans when compared to selection with phleomycin or hygromycin which are other

commonly used markers (Capuder et al., 2009; T'ellez-Jurado et al., 2006).

The A. niger expression vector carrying pal gene, was successfully constructed as confirmed by
the restriction digestion which demonstrated an approximately 700 bp gain by the linearised

recombinant pPBARMTEL1-pal expression vector from the linearised pPBARMTEL vector.

5.4 pal gene expressed in yeasts

In this study, two yeast cloning and expression systems were used, namely S. cerevisiae
(INVIScl) and Y. lipolytica (POLf). The yeast S. cerevisiae has been used for a long time in
biotechnology for beer and wine fermentation processes and as a leavening agent for bread and
associated products production. It is also known for its well defined DNA transformation and
secretory systems which enables it to secrete biologically active proteins into the culture medium

(Ozcan, 1999). A surface domain of hepatitis B surface antigen (sHbsAg) was successfully
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expressed under the control of the galactose-inducible GAL1 promoter in S. cerevisiae (Kim et
al., 2009). For successful heterologous expression of proteins of varying sizes (ranging from 6 to
116 kDa), Yarrowia lipolytica demonstrated to be a good alternative yeast and proved to be a

better host as compared to conventional yeasts S. cerevisiae and P. pastoris (Bordes et al., 2007).

5.4.1 palgenein S. cerevisiae

The pal gene was successfully cloned in pYES/CT to generate pYES2/CT-pal clones which were
positively identified by PCR. Sequencing and multiple alignment analysis of three pal nucleotide
sequences from recombinant vectors (pUC18-pal, pYES2/CT-pal and pBAD/Myc-HisA-pal)
showed that there was a 65 % and 66 % homology of pUC18-pal and pYES2/CT-pal,
respectively with the pBAD/Myc-HisA-pal which carries the exact equivalent of the native pal
gene. Failure to demonstrate 100 % homology by pYES2/CT-pal when compared with
pBAD/Myc-HisA-pal could be attributed to factors like mutation whether insertional or
mutational which can lead to a shift in frame of the gene, thereby affecting its open reading
frame (ORF); or simply to incomplete insertion of the gene into the host cell which can be

masked by detection with PCR and not with antibodies.

On performing Western blot analysis using anti-PAL antibodies, no PAL was detected. There
may be a number of possible reasons for this. Firstly, translation may have been affected in what
is called translational pausing, a process which occur due to a number of mechanisms, including
the availability of non-optimal codons (Power et al., 2004). Secondly, it could be that insufficient
amount of the protein was produced for two possible reasons, (i) low copy number and (ii) non
secretion of PAL into the media. The latter is possible if a protein lacks a signal peptide which is
true for this study, or if the signal peptide is not recognized by the secretory pathway. Thirdly, it
could be that the PAL protein was unstable, that it was degraded. The fact is that the P.
angolensis seed lectin gene was directionally cloned into the pYES2/CT vector without first
optimizing for expression in S. cerevisiae (INVIScl strain). Secondly, pYES2/CT lacks a signal
peptide for secretion of cloned protein into the media, hence no recombinant PAL was detected
from the supernatant. As for intracellular proteins, it has been observed from yeast colony PCR

that it was not easy to completely lyse the yeast cells as compared to E. coli colony PCR which
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does not require cell lysing for detection by PCR. It can be deduced from this that further lysing
methods for extraction of intracellular proteins should be explored to see if minimal amounts of
recombinant PAL can be obtained from S. cerevisiae transformants. Following failure of S.
cerevisae to produce extracellular recombinant PAL, we opted one other host, Y. lipolytica.

5.4.2 pal geneinY. lipolytica

The matured pal gene sequence was optimized for the codon bias of Y. lipolytica, synthesized by
Geneart, Regensburg, Germany, and excised from the cloning vector 0715149pCR4Blunt. The Y.
lipolytica optimized pal gene was directionally cloned into the Y. lipolytica expression vectors
pKOV410 and pINA1293. On comparing the amino acid sequence alignment of both the native
PAL and Y. lipolytica optimized amino acid sequence of pal gene, a 100 % homology was
observed. Since the hp4d promoter used in Y. lipolytica transformations is growth phase
dependent, recombinant PAL was produced from the early stationary phase and was detected

using polyclonal anti-PAL antisera which were produced against native PAL.

Quantitative analysis of recombinant PAL using dot blot assay demonstrated that up to 37.6 mg/I
was produced after 72 hours of incubation. This level of production is much higher compared to
heterologous production in systems like P. pastoris which produced 6 mg/l of recombinant
Nictaba lectin after 72 hours (Lannnoo et al., 2007). However, other studies using P. pastoris
produced two to three times more lectin compared to the amount obtained in this study (Lannoo
et al., 2007). The yield of a recombinant A. aurantia lectin expression in P. pastoris was 67 mg/l
after 72 hours post induction whilst 100 mg/l of bean lectin PHA-E was obtained after 72 hours
(Lannoo et al., 2007). Generally the level of detected protein depends on the rate at which a gene
is transcribed and translated, the copy number of the gene, the efficiency with which the
translated protein is exported and the stability of the protein to proteolytic degrading enzymes
(Baneyx, 1999).

It suffice to conclude that reasonable amounts of extracellular PAL was expressed by the Y.
lipolytica system and that production stand to be improved when optimization studies are carried

out using both shake flasks and bioreactors. On average, an optimized bacterial system will
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produce about 20 mg/l recombinant protein as in the study by Georgiou and Valax (1996),
wherein the neuronal nitric oxide synthase (nNOS) and the GroES/EL chaperone genes were

expressed in E. coli at a concentration of 20 mg/| of active protein in shake flasks.

The pKOV410 and pINA1293 vectors make use of the hp4d promoter and this promoter is not
influenced by environmental conditions like pH, peptone, carbon and nitrogen sources (Madzak
et al., 2004) and because of these factors, it might be a stronger expression promoter in
practically any kind of media. Expression in Y. lipolytica is further simplified by the fact that a

non specific signal peptide offers efficient secretion of the foreign protein (Madzak et al., 2004).

Interestingly the molecular weight of the recombinant PAL, as observed on SDS-PAGE, was
noticeably approximately 3 kDa bigger than the native PAL. The increase in size could be
attributed to a number of factors like the addition of nucleotides upstream of the mature sequence
of the pal gene prior to optimization and synthesized to keep the gene in frame; the Lip2
promoter and Lip2 terminator sequences upstream and downstream of the pal gene and lastly the
availability of a glycosylation site on the pal gene that was confirmed to be glycosylated during

passage of the recombinant protein en route to the secretory pathway.

5.4.3 Effects of pal expression on Y. lipolytica growth

Over-expression of some recombinant gene products is known to induce the general stress
response in host cells like E. coli and this may lead to growth repression (Sevastsyanovich et al.,
2009). In this study, growth of Y. lipolytica clones carrying pKOV410-pal and pINA129-pal
compared to the wild type Y. lipolytica strain PO1f did not appear to differ in any observable
manner (Figure 4.26). This suggests that production of recombinant PAL is not toxic to the Y.
lipolytica cell. Interestingly, whilst growth of the wild type was observed on the growth curve,
insignificant amounts of extracellular proteins were detected on SDS-PAGE analysis. The
presence of the Lip2 prepro sequence as a signal peptide coupled with the ability to integrate into
the genome homologously or non homologously (Madzak et al., 2004), enhances the

extracellular secretion of lipase into the medium. The other factor that contributes to the absence
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of visible proteins from the wild type POLf strain is that this Y. lipolytica strain has its acid and

alkaline extracellular proteases deleted (Madzak et al., 2004).

5.5 The nature of recombinant PAL

5.5.1 SDS-PAGE, Western blot and glycosylation analysis of recombinant PAL

Recombinant PAL was successfully expressed from E. coli and bound strongly to anti-PAL
antibodies. Recombinant PAL from E. coli was not glycosylated and this was consistent with
expectations and findings from a similar study by daSilva et al. (2005) whereby the recombinant
lectin produced heterologously in E. coli was not glycosylated. Recombinant PAL from Y.
lipolytica was approximately 3 kDa bigger than the native PAL and this could be attributed to
various possible reasons as discussed below. When the glycosylated and the deglycosylated
recombinant PAL from Y. lipolytica were compared on SDS-PAGE, their sizes were different
with the glycosylated one being slightly heavier than the deglycosylated fragment. This suggests
that the size differences discussed earlier maybe due to glycosylation. Shift in molecular weight
due to glycosylation of lectin have also being reported whereby a bigger band of recombinant
frutalin lectin confirmed to be glycosylated was produced in P. pastoris (Oliveira et al., 2008).
But essentially what this result means is that the recombinant PAL from Y. lipolytica unlike the
PAL from E. coli was glycosylated. Interestingly both deglycosylated and glycosylated
fragments had positive affinity for the anti-PAL antibodies and yet the antibodies were elicited
using unglycosylated PAL from P. angolensis seeds, thus suggesting that the antibodies are
recognizing sites which are not blocked by glycosylation. The next challenging task was to
determine the possible site of glycosylation of the recombinant PAL from Y. lipolytica and
compare these to the known putative glycosylation site of native PAL . A second aspect of
interest was to see if this Y. lipolytica recombinant PAL was biochemically and functionally

similar to the native plant PAL.
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5.5.2 Characterization of partially purified recombinant PAL from Y. lipolytica

The red blood cell agglutination process also referred to as haemagglutination assay, is the
standard method for detecting the presence of lectins from various sources and has contributed to
the characterization of many lectins (Sung et al., 1985). This is made possible by the presence of
the surface carbohydrate residues on erythrocytes membranes (Sharon and Lis, 2004).
Haemagglutinating activity of the recombinant PAL from Y. lipolytica was about 1.8 titre
units/mg greater than that of native PAL. This difference in haemagglutination is attributed to
various possible factors like the addition of carbohydrate residues on the glycosylation site of the
recombinant lectin (Stancombe et al., 2003). The glycosylation of a protein is identified as one
aspect that is varied by factors such as the medium in which the cells are grown (Demain and
Vaishnav, 2009).

Lectins are known to have specific binding specificity for some carbohydrate residues and
glycoproteins which are attached to the surface of erythrocytes. On recognizing and binding a
free carbohydrate residue, a lectin will not bind erythrocytes, hence the sugar is said to inhibit
haemagglutination capability. Stancombe et al. (2003) have shown that when specific sugars are
competitively bound to the lectin binding receptor, then haemagglutination will be inhibited.
Depending on which sugar inhibits haemagglutination, sugar specificity is determined and in this
way, lectins are characterized. From the sugar specificity of native PAL as depicted in the
literature ( Echemendia-Blanco, 2001), it was expected that glucose and mannose would inhibit
haemagglutination. Native PAL has binding specificity for sugars and glycoproteins as indicated
in Table 4.1. On assessing the ability of sugars and glycoproteins to inhibit haemagglutination of
rabbit erythrocytes by recombinant PAL, the inhibition pattern of the recombinant PAL from Y.
lipolytica was generally similar to that of the native PAL but not as strong and only differed from

native PAL inhibition for N-acetyl-D-glucosamine, glucose and mannose.

The network of interactions between subunits was found to be a major determinant for the
structural stability of legume lectin oligomers (Srinivas et al., 2001; Garcia-Pino et al., 2006).
Even though Echemendia-Blanco et al. (2009) stated that native PAL is a very thermostable

molecule (at least up to 85°C), it was found to be less stable than the recombinant PAL from Y.
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lipolytica probably due to glycosylation, a factor known to improve stability of proteins. In most
cases, glycosylation was found to facilitate proper protein folding thereby improving activity and
stability whilst increasing protection against proteolytic attacks (Yu et al., 2007). In a study by
Echemendia-Blanco et al. (2009), the highest temperature at which stability of the lectin was

analysed was around 85 °C for a maximum of 3 hours.

From the thermal stability observations, the recombinant PAL was found to be 8 times more
stable than the native PAL. This could be attributed to the fact that native PAL is not
glycosylated and therefore less stable than the glycosylated recombinant PAL from Y. lipolytica
which as expected has an increased thermal stability. It is possibly due to glycosylation that the
more stable recombinant PAL produced by Y. lipolytica failed to dissociate during heat
denaturing which could account for the multimers of rec-PAL demonstrated in the Western blot
in Figure 4.24. These multimers are seen as bigger and stronger bands above 35 kDa in Figure
4.24 (b) and in the 130 kDa and 250 kDa region. Lane 7 could have a multimer of recombinant
PAL that was not detected by PCR and was not seen on the Coomassie stained SDS-PAGE gel.

5.6 Multiple amino acid sequence alignment analysis

The translation of nucleotide sequences obtained following the DNA sequencing of pUC18-pal
clone into amino acid sequence herein identified as pUC18-PAL, pYES2/CT-pal clone as
INVISc-PAL and of the optimised P. angolensis gene sequence to YI-PAL amino acid sequence
in comparison with the mature amino acid sequence of P. angolensis seed lectin gene, using
Expasy translation tool, demonstrated several amino acid substitutions and deletions especially
on both pUC18-PAL and INVIScl1-PAL sequences. The high 85% similarity observed between
pUC18-PAL and INVISc1-PAL is attributed to the fact that the pal gene was removed from the
recombinant pUC18-pal vector and inserted into pYES2/CT expression vector. Similarly, the
100% similarity observed between YI-PAL and native-PAL is due to the fact that the pal gene
sequence was optimised before being synthesised according to Y. lipolytica codon bias.

Although nucleotide sequence alignment can yield lower similarity in percentage, comparison of

amino acid sequences gave Yyield to even higher similarity percentages. Native PAL amino acid
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sequence was 100% similar to the optimised amino acid sequence which was expressed in Y.
lipolytica whilst pUC18-pal was found to have about 80% similarity when compared to both
native PAL and Y. lipolytica PAL whilst INVISc1-PAL amino acid sequence had a 78%
similarity to both native and Y. lipolytica PAL. There is a gradual decrease in similarity
percentage from pUC18-PAL to INVISc1-PAL which further confirms that INVISc1-PAL being
the descendent of pUC18-PAL was degenerating.
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5.7 Conclusion

This study set out to compare the expression levels and nature of PAL using three different
systems, i.e. E. coli, S. cerevisiae and Y. lipolytica systems. An A. niger expression vector
pBARMTE1-pal was constructed for future cloning of pal gene and possibly improvement of
recombinant PAL production in A. niger. The study also sought to improve the expression level
of recombinant PAL as compared to the levels first reported for an E. coli expressed recombinant
PAL. The yeast expression system S. cerevisiae, that is the most preferred expression system for
eukaryotic proteins, failed to produce detectable amounts of the recombinant PAL by antibodies
even though PCR positively detected the presence of the pal gene. As a result, the study
compared the recombinant PAL expression from E. coli and Y. lipolytica and focused on the
biochemical characterisation of the Y. lipolytica produced PAL. In this study, expression and
production of recombinant PAL from E. coli was confirmed to be intracellular by failure of anti-
PAL antibody to bind PAL in the supernatant whilst positive binding was observed when
intracellular extracts were used. The E. coli expressed recombinant PAL production level was
again found to be lower than the production of recombinant PAL by Y. lipolytica. The
recombinant PAL from Y. lipolytica is definitely better than the one expressed in E. coli since it
is glycosylated further confirming the presence of a glycosylation site reported to be present on
the unglycosylated native PAL. Glycosylation is an important tool which determines the type,
specific biochemical functionality and application of lectins. Therefore, this study succeeded in
enhancing the production of a functional active PAL and this was only achieved in optimising

the codon of the original plant lectin.
5.8 Future Studies
This study did not look at scale up production of PAL under fermentation conditions. For

improved production, the recombinant PAL will have to be produced using bioreactors and
therefore further studies are required in this regard.
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