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ABSTRACT 

Despite our improved understanding of cancer biology, this disease remains a global health 

phenomenon, affecting the populations in developed and developing countries, of every 

socioeconomic strata. It is the second leading cause of death worldwide with over 10 million 

new cases and over 5 million deaths annually. The point-of-care diagnostic approach holds 

important promise for the early detection of cancer since most cases are treatable at an early 

stage of the disease. Research has shown that over 90 per cent of cancer cells express some 

forms of proteins, which can serve as biomarkers for early detection, thereby increasing 

survival rate in cancer patients. Recently, nanotechnology has been used to develop 

nanoparticles like a quantum dot, known for their unique optical properties and sizes and 

applicable for diagnosis in cancer cells research. In this study, colloidal cadmium telluride 

quantum dots were synthesised, capped and stabilised with Gum Arabic polymer. These 

particles were characterised using UV absorption, Photoluminescence (PL), X-Ray 

diffraction (XRD), High-Resolution Transmission Electron Microscopy (HRTEM), Fourier 

transform infrared (FTIR) analysis and zeta potential to determine their stability in different 

media. These quantum dots were then used for in-vitro cytotoxicity studies on 4 different 

cancer cell lines (HeLa, MCF-7, PC-3 and U87) in a dose-dependent manner. Results: cells 

were found to have over 50% viability for almost all cell line. Binding studies were evaluated 

in-vitro. Chlorotoxin peptide labelled with FITC at the C and N-terminals respectively were 

used for this study while fluorescence intensity was used to determine the binding of the cell 

to the peptides and expressed in percentage. Results show that cells bind more to chlorotoxin 

peptide with FITC attached to the N-terminal of the CTX than CTX peptide with FITC at the 

C- terminal and this binding was dose-dependent. Chlorotoxin (HIS-CTX-GST tagged) was 

genetically recombined and expressed in Escherichia coli (E. coli) BL21 cells, purified using 

nickel beads. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was 
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used to analyse the protein and results show noticeable bands at 30 kDa which corresponding 

to the HIS-GST-CTX protein. Block studies experiment was carried out using CTX-FITC 

labelled peptide and recombinantly expressed CTX to determine the binding effect of both 

peptides to the cells that is if they are specific or receptor-dependent. The results revealed that 

the binding of the CTX-FITC was receptor dependent. Biotinylated chlorotoxin was 

conjugated to quantum dots using streptavidin-biotin chemistry and cytotoxicity of this 

conjugates was carried out using WST-1 cell viability assay. Cell binding and uptake were 

also analysed. These studies will serve as a point-of-care diagnosis for cancer treatment as 

early diagnosis a key to surviving the disease. Also the in vivo studies cell uptake can be used 

to improve surgical procedure by ensuring total tumour removal, and this can prevent tumour 

reoccurrence.  

Keywords: Chlorotoxin Peptide (CTX), MMP-2, WST-1 cell viability Assay, Nanoparticles, 

Quantum Dots, UV-Vis, HRTEM, XRD, Fluorescence, Cancer cells.
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CHAPTER ONE 

Introduction and Literature Review 

1.1 General Introduction 

The knowledge of cancer biology has increased appreciably in the last two decades. 

However, cancer remains a significant health challenge and one of the leading causes of 

death worldwide (Ma and Yu, 2006). Cancer has been classified as one of the non-

communicable diseases (NCDs) with increasing prevalence globally (Bhandari et al., 2014; 

Heneghan et al., 2013). Cancer is characterised by the uncontrolled growth of abnormal cells 

anywhere in the body, infiltrating normal body tissues in the process (NCI, 2014; WHO, 

2014). This abnormal cell proliferation can be due to mutations, genetics and chronic 

inflammation as well as exposure to unhealthy lifestyles such as smoking, inadequate 

exercise, excessive alcohol intake, unhealthy diet, overweight and obesity (Cancer Research 

UK, 2014).  

Cancer burden has been on the increase due to an ageing and growing world population. The 

recent upsurge in lifestyle-associated habits and behaviours such as smoking and unhealthy 

diets, especially in developed countries has contributed to the upsurge of cancers (Jemal et 

al., 2011). In 2008, an estimated 169.3 million people died of cancer globally (Torre et al., 

2015). In 2012, about 8.2 million people were estimated to have died of cancer from the 14.1 

million new cases of cancers that were diagnosed (Global Cancer Statistics, 2012). Research 

has shown that 50% of global cancer death occurred in countries with low income or medium 

level human development index (HDI). Lungs, breast, prostate and colon cancers are the most 

commonly occurring cancers accounting for about 4 in 10 of all cancers diagnosed (Siegel et 

al., 2013; Cancer Research UK, 2014) with breast cancer having the highest mortality rate 

(Siegel et al., 2014) while lung cancer is the most frequently diagnosed (Ferlay et al., 2015). 
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The challenge at the moment is that most cancer drugs have no specificity. Early detection 

and removal of a tumour are one of the ways to prevent cancer cells from metastasising. This 

has prompted scientists to develop the strategy of targeted therapies, which entails tumour-

specific targeting and bio-imaging for early detection of disease. Targeted imaging is a 

strategy that identify an appropriate molecule that is highly expressed at the cell surface and 

to develop this into an appropriate marker: antibodies, antibody-like ligands, proteins or 

peptides. These biomarkers can serve for detection or treatment of the disease by delivering 

the appropriate drug using a vector (Dardevet et al., 2015). It can also be used as a diagnostic 

tool to facilitate detection of the disease at an initial stage, thereby increasing the chances of 

survival. These vectors can be produced by bio-conjugating the molecules with a protein that 

is explicit in the disease site of interest, with an imaging agent for diagnostic purpose 

considering the fact most existing diagnostic tools detect disease at an advanced stage, there 

is the need to develop a more accessible, faster and affordable tool to replace existing ones 

and make tumours more visible during targeted surgery (Wang et al., 2006). 

The use of nanoparticles especially those synthesised from plants as biomedical molecules or 

anticancer agents has been termed safe, non-toxic, biodegradable, environmentally-friendly 

and of significant advantage in combating cancer challenges (Dubey et al., 2009; Oluwafemi 

et al., 2013; Raveendran et al., 2003). This technology can be used for the development of 

diagnostic tools to greatly enhance the chances of survival in cancer patients as well as ease 

the removal of tumours during surgery  (Gaddala and Nataru, 2015).   

The identification of an appropriate specific molecule that can bind cancer cells has been a 

problem in medicine until the discovery of Chlorotoxin (CTX); a 4kD protein made up of 36 

amino acids from the venom of scorpion, Leiurus quinquestriatus (El-Ghlban et al., 2014; Fu 

et al., 2012; Wu et al., 2010). CTX has been shown to bind the family of proteases; the 

matrix metalloproteinase (MMPs), that are over-expressed in stroma cells found around 
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cancerous cells. A member of these proteinases, MMP-2, has been chosen as a promising 

target for cancer therapy because CTX has been shown to bind and inhibit MMP-2 activities 

(Hua et al., 2011).  

Quantum dots are semiconductor colloidal nanoparticles of sizes less than 10 nm that have 

found full usage in biological applications (Chan et al., 2002; Tang et al., 2002) They have 

distinctive optical and electronic properties, which can be manipulated and capped with 

different compounds using polymers such as Gum Arabic (Smith and Nie, 2008; Sun et al., 

2006). This makes QDs good choice for cellular bio-imaging and tumour targeted therapy 

compared to other conventional dyes. Among the different types of QDs, Cadmium Telluride 

(CdTe) QDs is a unique probe in bio-imaging of living cells because of their distinctive 

photoluminescence characteristics when excited (Erogbogbo et al., 2010; Rizvet et al., 2010; 

Zhang et al., 2015), its photo-stability, well-regulated and narrow emission of light and high 

quantum yield (Bao et al. 2010; Zhang et al., 2015).  The method of synthesis and capping 

agent used in CdTe is very significant because it determines the solubility and application in 

biological processes. Therefore, this study is targeted at using conjugated chlorotoxin to Gum 

Arabic capped and CdTe-stabilized quantum dots for bio-imaging to serving as a point-of 

care-diagnostics for cancer. 

1.2 Extracellular Matrix (ECM)   

ECM contains a diversity of large matrix molecules whose exact arrangement structure vary 

from tissue to tissue.  (Theocharis et al., 2016). The extracellular matrix (ECM) can be 

defined as a three-dimensional, non-cellular structure found in all tissues and organs, which is 

essential for life (Bonnans et al., 2014; Theocharis et al., 2016). It is the principal controller 

of cellular and tissue functions in the body (Cox and Erler, 2011). The ECM is a structural 

and functional part of the stromal microenvironment (Marastoni et al., 2008), which at the 

molecular level alters cellular activities such as proliferation, structural organisation, cellular 
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differentiation and receptor signalling (Kass et al., 2007; Paszek and Weaver, 2004). It also 

controls activities such as apoptosis, angiogenesis (Noguera et al., 2012) as well as cell 

functions that are fundamental for wound healing, vascular matrix remodelling, synthesis of 

connective tissues associated with  diseases such as atherosclerosis (Heeneman et al., 2003), 

cancer and hypertension (Ingber, 2007; Mosher and Adams, 2012). The ECM is also 

concerned with transmitting extracellular signals to cells, thus regulating cell differentiation 

(Werb, 1997). The ECM is composed of numerous macromolecules such as proteins mixed 

with fibrous glycoproteins; like structural glycoproteins (collagen and elastin), specialised 

glycol proteins (fibrillin, fibronectin and laminin) and proteoglycans (Rauch, 1997). These 

macromolecules are made up of a protein core with long chains of repeating disaccharide 

units, glycosaminoglycan. However, most ECM components are a physical obstruction to cell 

movement; hence, an understanding of the different changes in processes involving ECM 

production, modification and remodelling, and linking these changes to the biochemical and 

structural properties of the ECM are vital to determining how the microenvironment affects 

cellular responses, especially in disease conditions. Currently, the disease microenvironment 

is assumed to be correspondingly vital as cell populations involved in the development of 

pathologic conditions. For instance, healthy microenvironment inhibits the cancerous 

outgrowth of epithelial cells, while perturbation of homeostasis aids the initiation and 

progression of malignancy that brings about resistance (Theocharis et al., 2016). ECMs are 

classified into two main types; pericellular and interstitial matrices (Theocharis et al., 2016). 

These findings would be very significant in the development of anti-cancer therapies 

targeting different aspects of the disease (Cox and Erler, 2011). 

 

 



 
 

5 
 

 

 

Figure 1.1: Structure of the extracellular matrix.  

(Adopted from Meguid et al., 2007) 

 

The structure of the ECM showing its structural composition; Proteoglycan complex, 

collagen fibres, cytoskeleton and plasma membrane. These help to maintain the integrity of 

the ECM.)  
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Figure 1.2: The Structure showing the two primary classifications of the ECM.  

The Pericellular and interstitial matrices and their components. A type of the pericellular cells 

is the basement membrane found between the epithelial cells and connective tissues made up 

of collagens. Hemidesmosomes anchor the epithelial cells to the basement membranes in the 

ECM through the connections of integrins. Interstitial matrices comprise of, secreted PGs and 

HA, collagen fibrils, elastin, and matricellular proteins. Cells bind to ECM components by 

specific cell surface receptors, such as integrins; cell surface PGs; syndecans and glypicans. 

Some proteolytic enzymes, such as MMPs, ADAMs, ADAMTs, cathepsins, and plasminogen 

activators degrade the ECM. ECM degrading enzymes play critical roles in normal tissue 

remodelling and disease progression. (Figure adopted from Theocharis et al., 2016). 

 

 

 



 
 

7 
 

1.2.1 ECM remodelling and cancer 

The extracellular matrix is a dynamic structure that undergoes controlled changes known as 

remodelling. This remodelling occurs during disease and some physiological conditions, 

involving quantitative and qualitative changes in which both the proteinaceous and non-

proteinaceous components of the ECM are deposited, degraded and modified (Bonnans et al., 

2014; Lu et al., 2011; Schaefer and Dieter, 2016; Theocharis et al., 2016). This process is 

facilitated by metalloproteinase and is connected with diseases progression (Bonnans et al., 

2014). ECM remodelling plays a crucial role in structural integrity and regulating cellular 

processes such as cell shape, cell movement and growth. In humans, these processes affect 

cell behaviour leading to diseases such as cancer and fibrosis (Frantz et al., 2010). Severe 

injuries to tissues lead to excess ECM production resulting in an imbalance in the ECM, but 

without a corresponding balance in degradation it can lead to fibrosis, which in turn increases 

the risk of cancer development by 20–30%. The primary process that occurs in ECM 

remodelling is the cleavage of the component of the ECM by proteases such as MMPs. 

Hence, studies targeted at ECM remodelling enzymes and their receptors may thus have 

potential therapeutic properties. For instance, MMP inhibitors such as marimastat and 

prinomastat were potential anticancer agents who failed clinical trials due to non-specificity 

and poor tolerability (Coussens et al., 2002). Therefore, MMPs alteration using monoclonal 

antibodies may be a more promising approach (Devy and Dransfield, 2011). 

Cancer formation is a complex but gradual process that involves cellular and environmental 

factors as a result of alteration between cells and its microenvironment (Cox and Erler, 2011). 

These changes occur when the ECM is remodelled by increased ECM synthesis, assembly 

and alteration in matrix properties, totally disrupting normal tissue functions and encouraging 

disease progression (Cattell et al., 1996). This disruption of the ECM microenvironment 

leads typically to an imbalance between ECM synthesis and secretion, mainly due to 
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alteration caused by matrix remodelling enzymes such as MMPs (Jodele et al., 2006; 

Kessenbrock et al., 2010; Strongin, 2006). Hence, the disruption in ECM homeostasis leads 

to pathological diseases which include cancer. For instance, ECM remodelling is one of the 

first steps in metastasis as it leads to tumour colonisation and circulation. For a tumour cell to 

metastasise from a primary tumour to other organs, it has to degrade constituents of the ECM. 

More so, the ECM also alters angiogenesis to promote tumour growth (Cheresh and Stupack, 

2008) hence, targeting ECM enzymes involved in remodelling the receptors which transduce 

their signals offer promising therapeutic opportunities for many diseases.   

1.2.2 Extracellular Matrix Proteases  

They are also known as proteinases and were first presented as generic damaging enzymes 

linked to protein catabolism and generation of peptides and amino acids. Proteases make up 

more than 2% of the total genes in the human genome. This makes them a significant 

contributor in physiological cellular functions by regulating the fate, localisation and activity 

of a variety of proteins, modulating protein-protein interactions and generating new bioactive 

molecules (Theocharis et al., 2016).  The human degradome contains about 569 proteinases 

which are found distributed intracellularly and extracellularly according to the MEROPS  

database, and this is made up of five protease families (Theocharis et al., 2016); 

Metalloproteases, Serine proteases, Cysteine proteases, Aspartic acid proteases and 

Threonine proteases.  This classification is based on the chemical moiety that participates in 

the hydrolysis families (Theocharis et al., 2016). 

1.3 Matrix metalloproteinase (MMPS) 

Matrix metalloproteinase (MMPs) belong to a family of protease or zinc-containing 

hydrolytic enzymes which specifically cleave components of the extracellular matrix and 

surface receptors such as collagen and proteoglycans (Brinckerhoff and Matrisian, 2002; 
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Gialeli et al., 2011; Tentes et al., 2007; Theocharis et al., 2016). These enzymes are also 

involved in the cleavage of cell surface receptors, the release of apoptotic ligands and 

inactivation of chemokines/cytokines. MMPs are known to play a significant role in normal 

biological processes such as embryogenesis, tissue remodelling, wound healing,  

angiogenesis and in diseases such as tissue ulceration, atheroma, arthritis and cancer (Gialeli 

et al., 2011; Raffetto and Khalil, 2008; Visse and Nagase, 2003). They were first discovered i

n vertebrates including humans but have since been found in invertebrates and plants ( Jackso

n et al., 2010; Visse and Nagase, 2003). The MMPs family shares some essential secondary 

structural elements consisting of three common domains:  the pro-peptide or N-terminal auto-

inhibitory pro-domain, the catalytic domain and the hemopexin-like C-terminal domain 

(Amǎlinei et al., 2007; Visse and Nagase, 2003). They are classified into six groups based on 

their sequence similarity, domain organisation and substrate specificity as follows: 

collagenases, gelatinases, stromelysin, matrilysins, membrane-types MMPS (Mt-MMPs) and 

other M MPs (Amǎlinei et al., 2007; Marchenko et al., 2003).  

For this study, the focus was on a member of the gelatinase group known as MMP-2. 

Gelatinases are enzymes which are distinguished by the presence of a three repeat type-2 

fibronectin domain inserted into their catalytic domain to form a compact collagen binding 

domain (Folgueras et al., 2004). The gelatin-binding area is located immediately before the 

zinc-binding motif and forms a separate folding unit which does not disrupt the structure of 

the catalytic domain. Members of this family of enzymes include MMP-2 and MMP-9. These 

enzymes are vital in ECM remodelling and degradation, especially in physiological states 

such as implantation, wound healing and in the disease state (Hashizume, 2007).  

http://en.wikipedia.org/wiki/Catalytic_domain
http://en.wikipedia.org/wiki/Haemopexin
http://en.wikipedia.org/wiki/C-terminal
http://en.wikipedia.org/wiki/Collagenase
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Figure 1.3: The MMPs individual family domain structures.  

(Source: Uria and Werb, 1998) 

 

Pre, signal peptide signal region; Pro, propeptide; Catalytic, domain comprising of the active 

and metal binding sites; F, furin recognition domain; FN domain with homology to the 

collagen-binding region of fibronectin; H is ‘hinge’ connecting region; the C-terminal with 

homology to hemopexin domain  

 

 

1.3.1 Matrix metalloproteinase 2 (MMP-2) 

Matrix metalloproteinase 2 (MMP-2) belongs to the family of gelatinases: gelatinase A and 

B. MMP-2 is classified as a gelatinase A (Murphy and Nagase, 2008; Visse and Nagase, 

2003). It is a 72 kDa, type IV collagenase (Amăline et al., 2007); a multi-domain protein 

found to be up-regulated in the stromal cells surrounding metastasising tumours  as shown in 

figure 1.4  and 1.5 below (Cox and Erler, 2011). The enzyme is secreted in the inactive form 

and when cleaved, becomes a 64 kDa soluble protein (Arzamasov et al., 2014). MMP-2 

functions to degrade native and denatured collagens, elastin, aggrecan and fibronectin, cleave 

growth factors and cytokines by proteolysis (Murphy and Nagase, 2008; Xue and Jackson, 
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2008). It is highly expressed by various cell types including fibroblasts, keratinocytes. 

Comprise of four main domains viz signal, pro-peptide, a catalytic and the hemopexin 

domains (Amalinei et al., 2007; Strongin, 2006; Vandooren et al., 2013). The main thrust of 

this study will focus on the catalytic domain of the MMP-2 proteins. 

The catalytic domain of the protein is a highly active, conserved, zinc ion (Zn2+) binding site 

within the protein (Amălinei et al., 2007; Vandooren et al., 2013), made up of a 19 kDa 

amino acid sequence (Dhanaraj et al., 1999), with three repeating identical fibronectin (Fn) 

sequence,  and two intramolecular disulphide bonds each, unique to the gelatinases. The 

fibronectin functions to enable smooth degradation of the sizeable gelatinous substrate and 

provide collagen with a site for binding. It is made up of two antiparallel β-strand sheets 

linked to a short α-helix and stabilised by two disulphide bonds (Amălinei et al., 2007; 

Vandooren et al., 2013). This domain is linked to the hemopexin region by a proline-rich 

hinge linker. This catalytically vital Zn2+ ion bound three histidine residues which are in the 

conserved sequence HExxHxxGxxH (zinc-binding motif). This domain is connected to the 

hemopexin-like C-terminal domain by a linker of 75 amino acids long, with no distinct 

structure. Gelatinases such as MMP-2, incorporate fibronectin type II modules which are 

inserted immediately before the zinc-binding motif in the catalytic domain (Trexler et al., 

2003). 

http://en.wikipedia.org/wiki/Zinc
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Matrix_metalloproteinase#The_gelatinases
http://en.wikipedia.org/wiki/MMP2
http://en.wikipedia.org/wiki/Fibronectin
http://en.wikipedia.org/wiki/Zinc
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Figure 1.4:  Pro-MMP2 Structure is showing the different domains.  

(Figure adopted from Morgunova et al., 1999). 

 

The catalytic domain has two zinc cations (red) and two calcium cations (purple) indicated 

with bounds. The hemopexin domain (yellow) has one calcium cation (purple) bound is also 

known as the C-terminal.  
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Figure 1.5: The basic structure of MMP-2 (Gelatinases-2) showing it various domains. 

(Figure taken from Chaudhary et al., 2010; Visse and Nagase, 2003). 

 

Pre domain is the signal sequence responsible for activation. Pro-peptide domain has zinc-

ligating thiol group; fibronectin type Ⅱ also known as the collagen binding site readily digest 

and binds to gelatin/collagen. The catalytic domain  is the active site of the protein and 

contain Zn-binding site, H is a linker that connects the catalytic domain helps to link catalytic 

domain to hemopexin domain, and hemopexin made up of four repeat blade and a disulphide 

bond which is essential for collagenolytic activities of MMP-2.  

 

1.3.2. Regulation of MMP-2 

Regulation of MMP-2 helps in understanding the exact mechanisms that control the activity 

of enzymes in physiological and pathological conditions because it helps to prevent unwanted 

activities of other proteinases. These regulating mechanisms help to localise MMP 

degradative activities to the specific site, but tumour cells have acquired multiple ways to 

avoid these controls by up-regulating MMP proteolytic activity, a feature that leads to tumour 

growth and invasion (Folgueras et al., 2004). All secreted proteinases have catalytic activities 

that are regulated at four points: gene expression, compartmentalization (that is, pericellular 

accumulation of enzymes), pro-enzymes activation (Folgueras et al., 2004; Ra and Parks, 
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2007) and inhibition of enzyme activities by tissue inhibitors of metalloproteinase 

(Sariahmetoglu et al., 2007).  

MMP-2 is the most largely expressed MMP and found in several tissues and cells. It is 

widely known as an ECM degrading enzyme that can also act on some non-matrix substrates 

like interleukin 1, endothelin-1, monocyte chemoattractant protein-3- and stromal cell-

derived factor 1 (Sariahmetoglu et al., 2007). The enzymes can also be expressed in normal 

tissues, suggesting an involvement in regulating ECM homeostasis. However, like most 

MMPs, the enzymes are not expressed in a resting tissue but is generated during tissue repair 

or remodelling in a diseased state (Ra and Parks, 2007). This manner of regulating the 

functions of the proteinase have broadened its biological function (Sariahmetoglu et al., 

2007). 

1.3.3 Role of MMP-2 in cancer 

MMP-2 plays a very vital but complex role in cancer progression, but the mechanism is not 

well established. The major role of MMP-2 in cancer is in ECM degradation, which 

permits cancer cells to migrate and metastasize (Gialeli et al., 2011; Mook et al., 2004), with 

its activities associated with breast, colorectal, lung and prostate cancers (Björklund and 

Koivunen, 2005; Said et al.; 2014). The enzymes have been found to play a crucial role in 

angiogenesis during cancer progression with the process vital for tumour cell survival. 
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Figure 1.6 Biochemical role of MMP-2 in cancer.  

Gelatinases (MMP-2 and MMP-9) are secreted as a pro-enzymes form by a tumour and 

fibroblast cells in the tumour microenvironment. The proMMP-2 is then activated by 

MT1-MMP thus leading to ECM degradation cell migration. Activated MMP-2 also 

activates other MMP-9 and other MMPs (Modified from Gong et al., 2014) 

 

1.4 Cancer: an overview of distribution, occurrences and causes  

Cancer is classified as a non-communicable disease (NCD) (Bhandari et al., 2014; Heneghan 

et al., 2013); it is a disease condition that affects individuals over a period defined as 

idiopathic (Bhandari et al., 2014). The biggest problem in cancer progression is that the 

immune system more often than not cannot tell the difference between a tumour and normal 

cells hence, this remains one of the most significant challenges in the fight against disease 

(Hahn et al., 2009). During cancer cell formation, the typical regulator system that checks 

cell overgrowth and invasion of other tissues are deactivated. This abnormal behaviour can be 

said to be due to mutation, genetic and chronic inflammation factors (Colotta et al., 2009).    

Statistics have shown that cancer prevalence is increasing yearly and is expected to rise in the 

next two decades by 70 % (WHO, 2015) making the disease one of the main global public 
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health challenges (Arvizo et al., 2010; Ferlay et al., 2010; Siegel et al , 2017; Yu Gao et al., 

2013). The World Health Organization reports that one in six deaths is due to cancer hence, 

making this the second leading cause of death. A near 8.8 million deaths occurred from 

cancer in 2015 (WHO, 2015). About 100 different kinds of cancers are known (Cooper, 

2000). Globally, the cancer burden is increasing due to ageing and an increase in cancer-

causing behaviours such as smoking and unhealthy diet, especially in developed countries 

(Jemal et al., 2011). In the United States of America, and other low income or medium 

income countries, cancers remains the 2nd leading cause of death (DeVita and Chu, 2008; 

WHO, 2015 and Yu Gao et al., 2014). Lungs, breast colon or bowel and prostate cancers are 

the most commonly occurring cancers; accounting for about 4 in 10 of all cancers diagnosed 

globally. Lung cancer is the most frequently diagnosed and the second leading cause of death. 

While prostate cancer remains the most common form of cancer in men and has the highest 

mortality rate of all cases of cancer deaths (Siegel et al., 2014), it is most common in Europe 

and North America, probably due to exposure to environmental and occupational carcinogens 

like asbestos and polycyclic aromatic hydrocarbons (Spitz and Spitz, 2006). Breast cancer is 

the most common cancer diagnosed in females globally and the cause about 14 % of total 

cancer deaths in females (Siegel et al., 2014), with the very high incidence in developed 

countries of Northern and Western Europe, North America. Although the incidence of breast 

cancer in sub-Saharan Africa and Asia is low, the mortality rate is high unexpectedly high in 

these low income and developing countries mainly due to inaccessibility to proper medical 

care, quality screening and early diagnosis (Ghafoor et al., 2003). In South Africa, one in 

every four South Africans has cancer, and the rate of survival is six in every ten patient. 

(Cancer Association of South Africa and NCR Report, 2011 (CANSA).  A recent study by 

the South African Medical Research Council (SAMRC, 2014), listed four common cancers 

with a high mortality rate as follows; lung cancer (17%), oesophagus cancer (13%), cervical 
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cancer (8%) and breast cancer (8%). It has been projected that the rate of cancer in South 

Africa may increase by 78% in the year 2030 (Cancer Association of South Africa and the 

NCR report, 2011, CANSA). Studies have shown that ~ 90% of cancers are caused by 

environmental and lifestyle factors, behavioural and pollution factors (Forouzanfar, 2016; 

Manton et al., 2008) with the remainder 10% driven by genetic factors and chronic 

inflammations (Anand et al., 2008). However, genetic factors are known to play major roles 

in breast cancer with 70% of cases said to be hereditary and resulting from gene mutation of 

the BRCA 1 and BRCA 2 genes. In the normal physiological state, these genes produce 

proteins that help to check abnormal cell growth (Tutt and Ashworth, 2002 and 

Venkitaraman, 2002). 

Cancer development (carcinogenesis) or tumorigenesis is a multi-step process in humans 

(Hanahan and Weinberg, 2000). At the cellular level, it involves mutation and epimutation of 

genetic materials of normal cells thereby increasing the ability of cells to proliferate and an 

unusual ability to survive, cause invasion and metastasise. The first step in carcinogenesis 

involves tumour initiation; this is the genetic mutation leading to an unprecedented  

proliferation of a single cell giving rise to an outgrowth of a population of clone tumour 

cells. Tumour progression continues as the cells undergo different forms of mutations within 

the cells of the tumour population with the mutation leading to more rapid growth (figure 

1.7). The progenies within the cell with such mutation then become dominant within the 

tumour population (Cooper and Hausman, 2000). This abnormality confers new 

competencies like the ability to release growth factors and digestive enzymes which invade 

nearby normal cells and often decreases the functions of the affected organ(s) or tissue(s). 

Another critical step in the growth of a tumour is the development of blood vessels for blood 

supply (angiogenesis).   Angiogenesis supplies nutrients and transport waste material for the 
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tumour cells. During the abnormal cell division and proliferation, some genes are involved in 

their activities. These genes are mostly normal genes that became either ineffective (loss of 

their function) or over-expressed (gain of function). 

 

 

 

 

 

 

 

                                                                          

 

 

Figure 1.7: Stages of tumour cell development from a single mutated cell. 

 

1.4.1 Some typical features of cancer cells   

The framework of the human body is made up of billions of different kinds of cells. These 

cells can grow, divide normally and eventually form various tissues and organs in the body. 

The body system has its peculiar mechanism of removing worn out and dead cells through 

apoptosis (cell suicide or programmed cell death): a sensitive and well-controlled process that 

leads to the production of new cell components (Alberts et al., 2002; Elmore, 2007). To 

understand the biochemical processes involved in the development of a normal body cell into 

cancerous cells, some biochemical features of the cells which regulate their growth have to be 



 
 

19 
 

considered (DeVita and Chu, 2008). Tumours have multifaceted nature; these explain their 

ability to transform normal cells into tumour cells and give cancer cells some new abilities 

(Hanahan and Weinberg, 2000; 2011). These processes are commonly referred to as the 

hallmark of cancer and include sustenance of proliferative signalling, insensitivity to 

antigrowth signals, evading apoptosis, limitless replicative potential, sustained angiogenesis, 

genome instability, tissue invasion and metastasis. 

1.4.1.1 Sustenance of proliferative signalling  

Cancer cells can promote their growth continuously; they do not require signals from growth 

factors in the body before they grow and divide to sustain their continued proliferation. In the 

case of normal cells, growth factor signal like hormones is needed for cell division and in 

maintaining homeostasis in the number and function of these cells in their microenvironment. 

This process is closely controlled and well regulated. Most times in cancer cells, this process 

is disrupted and deregulated due to altered hormones controlling the process leading to 

disruption of homeostasis in the cell, resulting in an abnormal increase in cell division 

(Hanahan and Weinberg, 2000). 

1.4.1.2 Insensitivity to antigrowth signals 

 Generally, in normal tissue, several anti-proliferative indicators function to keep cellular 

serenity and tissue homeostasis. These processes are controlled by tumour suppressor genes 

also known as anti-growth signals. These anti-growth signals prevent cell proliferation in two 

ways: firstly; by compulsorily stopping the active cell cycle division stage by taking it into an 

inactive state (G0) to permit cell division when the cells are ready to divide. Secondly, the 

cells are caused to give up their ability to proliferate permanently by entering into the post-

mitotic state (Hanahan and Weinberg, 2011). Tumour suppressor proteins in cancer cells are 

altered and damaged making them unable to control cell division when cells are deformed. 
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Contact inhibition is another way normal cells control cell growth. This is a kind of 

regulatory system which allows the cell to grow into a single layer thereby occupying its 

surrounding areas and eventually stops dividing when cells fill up the surrounding areas 

(Nelson and Chen, 2002). Cancerous cells lack these features of contact inhibition. Hence, 

they divide in a wild, unrestrained manner and continue to grow on each other, eventually 

causing invasion of the nearby surrounding, forming tumours in the process (McClatchey and 

Yap, 2012). 

1.4.1.3 Evading apoptosis 

Apoptosis is a type of cell death that plays a significant role in the removal of dead cells that 

are damaged and dysfunctional in the body (Vo and Leta, 2010). It is a well-organised 

process whereby the genome of these dysfunctional cells are broken down to smaller pieces 

and then cleaned up by phagocytes. This process helps organisms to grow well and accurately 

maintain body tissues (Elmore, 2007). Cancer cells can avoid this process and evade this 

complex mechanism by increasing the rate of cell proliferation by slowing down the cell 

death process, thereby changing the mechanism which detects these anomalies and cause 

mutation in the proteins involved in apoptotic pathways (Elmore, 2007; Hanahan and 

Weinberg, 2000).  

1.4.1.4 Limitless replicative potential 

Cancer cells can undergo an uncontrolled multiplication in a limitless manner, unlike a 

typical cell with regulated cell division (Blagosklonny, 2003). This uncontrolled multiplicatio

n-n of cells is due to the shortening of the telomeres in the DNA chromosomes with each cell 

division occurring until it becomes too short and then triggers the death of the cell. Cancer 

cells, on the other hand, skip this step in cell division by manipulating the telomerase 
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enzymes involved in cell division: thereby making the cells to divide and grow in an 

unrestrained manner (Greenberg, 2005; Hanahan and Weinberg, 2011). 

1.4.1.5 Sustained angiogenesis 

Angiogenesis is an essential process in development and growth. It is a process that involves 

the production of new blood vessels in the body. In normal body tissues, blood supply for cell 

functions are highly coordinated, but in cancer cells, this is not. Cancers can start the 

angiogenesis process, thereby making sure that the tumour cell repeatedly gets blood supply 

by interrupting the normal process (Cavallo et al., 2011; Hanahan and Weinberg, 2011). 

Cancer cells survive and sustain themselves by continuous production of tumour blood 

vessels resulting in an accelerated metastasis through a process called “angiogenic switching” 

(Burri et al., 2004; Hanahan and Weinberg, 2000; Stegmann, 1998). 

1.4.1.6 Genome instability  

Tumour cells generally have a chromosomal deformity in their genome which increases as a 

tumour metastasises, and the disease develops.  The microenvironment of the cancer cell is 

very important in tumour progression. Cancer cells cultivate a mechanism to escape 

controlled homeostatic pathways which is an integral part present in normal cells (Hanahan 

and Weinberg, 2011). 

1.4.1.7 Tissue invasion and metastasis 

Malignant tumours are very active cells. They left their site of origin to invade surrounding 

tissues and organs (metastasis) in the body. The process of invasion and metastasis is a very 

complex process. Tumour cells have to undergo multistep processes to invade their 

surrounding tissues. They achieve this by up-regulating mutated inactive E-cadherin and 

catenin gene responsible for the cell to cell adhesion (Hanahan and Weinberg, 2000; Hanahan 

and Weinberg 2011). 
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1.4.2 Cancer diagnosis and therapy 

Cancer treatment depends on the diagnosis and stage of the disease. Cancer can be treated in 

various ways such as chemotherapy, surgery, radiation therapy, targeted therapy and 

hormonal therapy (Schaefer and Dieter, 2016). Most often than not, the choice of treatment 

depends on the stage of a tumour, the site or location of a tumour and the overall health status 

of the patient. Total elimination of cancer cells without causing damage to the surrounding 

organ or tissue in the system is often the main aim of cancer treatment.  Removal of cancer 

tumours by surgery is effective if the cancer is detected early and the entire tissue removed 

before metastasis (National Cancer Institute, 2017); often, this is impossible. Examples of 

surgical removal are mastectomy and prostatectomy. More so, the use of drugs to cure cancer 

is known as chemotherapy. These drugs are cytotoxic anticancer drugs works by affecting the 

DNA of the rapidly dividing cells, but they can be non-specific. Thus they destroy some 

normal cells in the body. Chemotherapy drugs are used by combining two or more drugs.  

Radiation therapy is a form of treatment that involves the use of x-ray to eradicate cancer 

cells or reduce the size of a tumour by destroying their genetic materials. During this 

treatment, some healthy cells are sometimes affected by the radiation, but they tend to 

recover with time. An approach in cancer treatment where the immune system is made to 

fight against a tumour is known as immunotherapy and remains a cancer treatment 

alternative.  Moreso, some cancer cells that use hormones in the body to grow can be 

prevented from spreading and increasing by blocking or removing those hormones. Some 

breast and prostate cancers are treated through this process known as hormonal therapy. The 

change occurring in tumour microenvironments such as overexpression of proteins within a 

tumour are the target in targeted therapy. Monoclonal antibodies are used in targeted therapy, 

whereby an antibody binds to the surface of proteins found in a cancer cell, and this 

mechanism can then be employed as a form of therapy. Targeted therapy also involves the 
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use of peptides to bind cell surface receptors in the extracellular matrix of the tumour proteins 

leading to enhanced forms of targeted therapy (Hede and Huilgo, 2006). In recent times, 

nanoparticles have been used as they increase tumour specificity during treatment 

1.5 Chlorotoxin (CTX):  origin and biochemical components 

 Chlorotoxin (CTX)  was first isolated as a bioactive peptide or neurotoxin obtained from the 

venom of scorpion of the family Leiurus quinquestriatus (El-Ghlban et al., 2014; Sentissi and 

Jacoby, 2015; Wang et al., 2014; Zhang et al., 2014). CTX has a primary sequence made up 

of 36 amino acids, making it a 4 kDa peptide, maintained by four disulphide bonds, which 

stabilise the structure coordinating the eight cysteine residues present in the protein (Dardevet 

et al., 2015). It was initially considered a ligand that blocks chloride channels in glioma cell 

migration, but that function was subsequently ascribed to CTX-mediated inhibition of MMP-

2. Chlorotoxin binds mainly to tumour cells especially glioma cells and is also taken up by 

multiplying human vascular endothelial cells (El-Ghlban et al., 2014; Zhang et al., 2014). 

Aside from its compact structure, CTX has some unique characteristics that make it able to 

bind and diffuse through a tumour to be able to shrink tumour cells. (Mamelak and Jacoby, 

2007; Veiseh et al., 2007).   

CTX as a venom causes paralysis in small insects with no toxic effect on vertebrates or any 

undesirable physiological significance (Dardevet et al., 2015). Studies have also shown that 

CTX conjugates have been used to detect tumours and locate tumour microenvironments, e.g. 

in cutaneous cell carcinoma and breast cancer (Sentissi et al., 2015; Zhang et al., 2014). 

Recently, in vitro and in vivo tumour-targeting ability of CTX when conjugated with 

fluorescently-labelled Cy5.5 dye, nanoparticles and polymers have been documented (El-

Ghlban et al., 2014; Kittle et al., 2014; Sun et al., 2015; Veiseh et al., 2007). Structurally, 

CTX is made up of an alpha-helix linked by three disulphide bridges to a small three-stranded 

antiparallel beta-sheet and fourth disulphide bridge linked with N-terminal cysteine to the rest 
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of the molecule (see figure 1.8) (Stroud et al., 2011). The cysteine pattern in CTX is of the 

type C1–C4, C2–C6, C3–C7 and C5–C8 and its three small antiparallel β-sheets arranged 

against an α-helix (Dardevet et al., 2015). 

 

Figure 1.8: An Amino acid sequence of CTX.  

(Taken from Dardevet et al., 2015) 

 

This primary sequence shows eight cysteine residues and the four-disulphide bridge in orange 

colour. 

1.5.1 Mode of action of CTX in tumour cells 

Ion channels are essential in cell volume regulation because cells move when ions and water 

flow. They are also crucial for cell migration because they regulate the intracellular Ca2+ 

concentration (Schwab et al., 2007). Movement or invasion of tumour cells is influenced by 

the activity of a Cl− channel that is activated by cell swelling. Inhibition of these channels, 

possibly by ClC3, slows down migration and invasion of tumour cells (Schwab et al., 2007). 

Chlorotoxin was found to block chloride channel of tumour cells especially glioma cells and 

cancer of the brain in a dose-dependent concentration and preferentially at the positive 

potentials in an irreversible manner (Dalton et al., 2003) hence, the name chloride-channel 

toxin (Lewis and Garcia, 2003) and it is an up-regulated membrane protein seen in diverse 

types of cancers. CTX binds to a specific Ca2+ activated chloride channels (Dalton et al., 

2003) and other tumours hence; it may be a potential tool in anti-cancer treatment (Lewis and 

Garcia, 2003).  
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Stoud and co-workers (2011) proposed that the binding of chlorotoxin to cell surface 

receptors lead to internalisation of the entire lipid raft-anchored complex enclosing MMP-2, 

MT1-MMP, TIMP-2 chloride channels and other proteins expressed in tumour cells, thereby 

eliminating the working chloride ion channel. MMP-2 was also shown as the significant CTX 

receptor on the surface of glioma cells in an experiment whereby a recombinant His-CTX 

was used to identify and isolate the proteinase (Deshane et al., 2003). Furthermore, Deshane 

and colleagues (2003) showed chlorotoxin have dual effects MMP-2 activity; hindering 

enzyme activity and reducing cell surface expression of the enzyme in glioma and tumour 

tissues that expresses MMP-2, making CTX a specific MMP-2 inhibitor. The interaction 

between CTX and MMP-2 gives it the ability to stop the invasion of glioma cells (Deshane et 

al., 2003).    

1.5.2 MMP-2 and chlorotoxin interaction as a diagnostic tool 

The MMP2-CTX interaction was initially carried out in glioma cells using a synthetic CTX 

TM601. In this study, annexin A2 was identified as the molecular target of CTX because it 

binds to the glioma cells in-vitro, thereby inhibiting their migration (Kesaran et al., 2010). 

After that, Veiseh and colleagues (2007) also explored the CTX-MMP-2 interaction in 

diagnostics, where they developed a tumour paint. The tumour paint Cy5.5-CTX was used to 

a labelled tumour using a dye enabling surgeons to image cancer cells when carrying out 

surgery. Mamelak and colleague developed Iodine-131-TM-601(131I-TM-601) in 2006 for 

the treatment of glioma in about 18 adults, and the results showed that it was well tolerated. 

Jacoby and colleagues (2010) used TM601; a chemically synthesised CTX for tumour 

targeting. The peptide was used in the study for the angiogenic study, and it was found to 

bind multiplying vascular endothelial cells, reduced human umbilical vein endothelial cells 

(HUVEC) invasion and reduced MMP-2 level secretion. The expression of MMP-2 makes 

CTX a viable tool for bio-imaging and diagnostics, and this can be applied in both cancer 
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cells and any disease where MMP-2 expresses. Nanoparticles can be conjugated to CTX and 

used for diagnostics, gene and drug delivery purposes (Lee et al., 2010; Veiseh et al., 2011) 

1.6 Gum Arabic 

Gum Arabic (GA) is a leguminous tree plant that is well adapted to Sudan and sub-Saharan 

Africa agro-ecology (Fig1.8). About 300 species of this family exist, prominent among which 

is A. senegal used in the production of quality Gum Arabic (Mokwunye and Aghughu, 2010). 

In Nigeria and Sudan, A. senegal is quite abundant, while in Kenya and Senegal A. karensis 

exists. South Africa and Zimbabwe have abundant A. rostrata while A. leirhochis found in 

other African countries (Aghughu and Ojiekpon, 1996; Wickenss, 1995).  Morphologically, 

GA is a dried exudate obtained from the stems and branches of A. senegal or Acacia seyal 

when the plant is injured, or when the injury is planned and controlled (Mokwunye and 

Aghughu, 2010). The injury on the plant when planned and controlled is known as tapping 

(Mokwunye and Aghughu, 2010). 

GA is a pale white to orange-brown solid that breaks with a smooth fracture Fig (1.9). Good 

quality gum grades exist as spheroidal tears of varying sizes with a matt outward texture. In 

powdered form, the pieces are paler and have a glassy appearance. GA from A. seyal is more 

brittle than the hard tears obtained from A. senegal. It is also obtainable in large scale in the 

form of white to yellowish-white flakes, granules, powder, kibbled or spray-dried and 

agglomerated (soluble form) (Al Assaf et al., 2005). Structurally, GA is a complex 

polysaccharide made up of highly branched molecules which on hydrolysis yield  neutral 

(galactose, arabinose, and rhamnose) and acidic monosaccharides (glucuronic acid), low and 

high molecular weight protein fractions, with some calcium, magnesium and potassium salts 

(Ali et al., 2009; Cornelsen et al., 2015; Grein et al., 2013; Tischer et al ., 2002; Williams 
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and Phillips, 2000).           

  

Figure 1.9: (A) Purified powder of Gum Arabic (B) Raw Gum Arabic freshly harvested 

from the tree.  
Modified from Azzaoui et al., 2015 

 

 

Figure 1.10: Map of Africa showing the significant Gum Arabic producing countries. 

The green coloured areas on the map are the main Gum Arabic producing countries in Africa. 

 

Apart from the ecological function which include; nourishing the soil by fixing nitrogen, and 

restoring fertility, giving shelter and shade to farmers and animals, wind erosion control, the 
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woods used as fuel (Eisa et al., 2008; Wekesa et al., 2010; Koli et al., 2013), GA performs, it 

is the economic live wire of some African countries such as Sudan and lately Chad. Africa 

supplies over 98 % of the world gum Arabic requirements with Sudan being the largest 

producer (Yasseen et al., 2014). The chemical content of GA is slightly controlled by its 

origin, climate, harvest season, tree age and processing methods (Al Assaf et al. 2005; 

Hassan et al., 2005). It is very soluble in water and has unique features which include a high 

degree of branching, high protein and uronic acids content. GA is a compound with both 

hydrophilic and hydrophobic properties, with the functional properties, are strictly related to 

the structural make-up; this defines its solubility, viscosity, the degree of interaction with 

water and oil in an emulsion and its microencapsulation ability (Montenegro et al., 2012).  

1.6.1 Chemical Composition of GA   

 Gum Arabic (GA) is a polymer consisting of arabinogalactan-protein (AGP) complex and 

minor glycoprotein fractions (Dror et al., 2006; Rao et al., 2010; Renard et al., 2006). This 

complex consists of 88% carbohydrates with D-galactose and L-arabinose as its main 

components with a little fraction of glucuronic acid (Montenegro et al., 2012; Sanchez et al., 

2018) and the minor glycoprotein fractions which are about 10% and it has the highest 

protein fraction in GA. 

1.6.2 Uses of Gum Arabic 

Due to its unique characteristic, GA is made use of in the textile, ceramic, lithographic, 

pharmaceutical and food industries (Al-Assaf et al., 2006; Montenegro et al., 2012, Sanchez 

et al., 2017). In the food industries, it is used to delay sugar crystallisation during baking and 

in the enhancement of wheat and rye flour. GA is similarly used in the production of 

chocolates and chewing gum, it acts as a stabiliser in the production of dairy products such as 

ice cream, as an emulsifier in beverage production, as well as a clarifying agent during 

winemaking (Sanchez et al., 2017; Verbeken et al., 2003). GA is also used as 
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microencapsulation (microencapsulation is the use of a substance to prevent loss and 

undesirable changes), to prevent food oxidation in food because of the unpredictability of 

food flown in the presence of oxygen, light and water ( Kaushik and Roos, 2007; Sheu and 

Rosenberg, 1995). Microencapsulation is very vital in food and flavouring industries 

enhancing the biochemical stability of food flavourings (Yoshii et al., 2001). These functions, 

are closely linked to the biological characteristics of GA such as solubility in water, active 

surface properties, and low viscosity in solutions when the concentration of the solids are 

very high (Barbosa et al., 2005; Kenyon, 1995; Ortiz et al., 2010).  

In the pharmaceutical industries, it is used as a carrier in the drug preparations because due to 

its safety (Montenegro et al., 2012).  It has antioxidant properties (Ali et al., 2009; Hinson et 

al., 2004; Trommer and Neubert, 2005), functions in the breakdown of lipids (Tiss et al., 

2001), showing pronounced effects in the treatments of some degenerative diseases ( multiple 

sclerosis, dementia), kidney failure (Ali et al., 2009; Matsumoto et al., 2006), cardiovascular 

disease (Glover et al., 2009) and gastrointestinal disease (Rehman et al., 2003). The sap of 

GA is known to be very rich in dietary fibre, hence can be used as a laxative to improve the 

digestive system. It is commonly used in the treatment of stomach and intestinal problems, 

sore throats, bleeding and the common cold. Furthermore, GA has been shown to inhibit the 

growth activity of some bacteria that cause tooth decay such as Prophyromonas gingivalis 

and Prevotella intermedia (Clark et al., 1993). Which implies that GA can stop the formation 

of dental caries and can act as a possible preventive agent in their formation due to the high 

content of Ca2+, Mg2+ and K+ found in this polysaccharide (Onishi et al., 2008). Above all, 

GA contains enzymes like oxidase, peroxidases and pectinases which have been shown to 

exhibit antimicrobial activities (Montenegro et al., 2012). Antimicrobial studies have shown 

that hydrophilic compounds like polyphenols, polysaccharides and tannins were found to be 

present in the methanol extracts of A. catechu and A. nilotica, showing maximum 
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antimicrobial activities. Similarly, hexane extract of the bark of A. Senegal showed 

antimicrobial activity against S. aureus and the fungus C. albicans, while the methanol 

extract exhibited antimicrobial activity against E. coli, B. cereus, C. albicans and A. niger 

(Montenegro et al., 2012; Saini et al., 2008). Antimicrobial activity of GA was assessed 

against food spoilage bacteria such as Bacillus subtilis, Micrococcus luteus and P. aeruginosa 

with results indicating a protective effect on P. aeruginosa but no effect on Bacillus subtilis 

and Micrococcus luteus though they reduced the growth of these bacteria (Ferreira et al., 

2004). 

1.6.3 Gum Arabic as a Nanovector 

Acacia senegal gum is a natural polymer, non- toxic and an environmentally safe polymer 

with carboxylate and amine functional groups (Fig 1.10) (Banerjee and Chen, 2007). The 

challenges facing cancer chemotherapeutics like poor physicochemical properties of drugs, 

low tumour specificity, insufficient tumour cell internalization, various side effects of cancer 

drugs and low survival rate have led to the development of drug-delivery particles (Zhu et al., 

2013), which may involve the use of proteins, peptides or chemical to detect, prevent 

metastasis or treat cancers (Dardevet et al., 2011). Drug carriage systems are continually 

being improved to enhance pharmacological uses of dispensed drugs concerning therapeutics 

(Allen and Cullis, 2004). The benefit of nanostructured materials in biomedicine has been 

gaining world-wide interest, particularly in their use in selective delivery of drugs or 

molecules to target tissues and organs, bio-sensing and bio-imaging, optical spectroscopy 

including surface-enhanced Raman scattering (SERS) (Mochochoko et al., 2013).  

Nanoparticles can enter tiny capillaries and pass through biological membranes (Ferreira et 

al., 2015). These Nano-constructs must be large enough to consist of all the requirements for 

the evasion of body defences and still maintain its small size not to create undesired 
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obstructions to the smallest blood vessels in the body (Ferrari, 2005). A good nanovector 

system has the following unique features: ability to detect target cells and tissues, ability to 

reach disease site where target cells and tissue are located and ability of the drug to deliver 

multiple therapeutic agents because most cancer drugs involve the use of more than one drug 

due to the nature of cancer cells (Ferrari, 2005). Previously, lipid-based nanovectors like 

liposomes were widely used for their biological properties which include biocompatibility, 

biodegradability and isolation of drugs from the immediate environment. However, these 

nanovectors had many limitations like excessive long half life of the liposomes, wrong 

delivery of drugs to undesired cells and tissues. Recently, these undesirable effects have 

brought about the use of plant sources for nanoparticle synthesis a process called biogenic 

synthesis, which includes the use of whole plants, plant tissues, fruits and plant extracts 

(Mittal et al., 2013). While considering the synthesis of plant nanoparticles, its 

biocompatibility is an essential parameter for biomedical applications. Synthesising 

biocompatible plant nanoparticles from non-toxic, cost-effective and effortlessly accessible 

materials with these qualities will be of significant advantage. 

Various studies have shown the successful production of nanoparticles from plant sources 

(Ahmmad et al.,2013; Awwad et al., 2013; Chanda et al., 2010; Mochochoko et al., 2013; 

Ortega-Arroyo et al., 2013; Singh et al., 2010). Hence, solubility, high binding affinity, easy 

functionality, good permeability, controlled pharmacokinetics and ability to protect and 

preserve the drug are qualities to be considered.  

The use of gum Arabic is of significant advantage in nanoparticle synthesis than materials 

from synthetic sources (Sharma et al., 2014). Collection and arrangement of specific 

materials exhibiting these novel characteristics can bring about cheap nanoparticle production 
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with useful biomedical properties. GA possess unique physicochemical qualities for it to be 

used in nanoparticles synthesis; these are as follows:  

 GA has high amino acid content, which makes it very soluble in water. It has been shown 

that the presence of amino acids with the peptide bond in a nanovector makes it very soluble 

in water (Dieckman et al., 2003). GA has a high molecular weight (figure 1.11). Nanovector 

with high molecular weights gives good suspendability, i.e. steric stabilisation is increased by 

the full surface area covered by the drug that is incorporated into this vector. This 

characteristic protects the drug from deactivation during handling and long-term storage 

(Klummp et al., 2006; Mayer and Mark, 1998).  

More so, Chanda and colleagues (2010) in their studies showed that GA could be used in 

nanoparticles synthesis. Gold functionalized GA nanoparticles (radioactive GA198) dispensed 

in Severe Combined Immune deficiency (SCID) mice bearing human prostate tumour 

xenografts was shown after a few weeks to have 80% reduction in tumour size and a minimal 

leakage of radioactive materials in the surrounding organs, and high tolerance of the 

nanoparticles in the blood of the treated mice. Furthermore, this study showed the GA-

synthesized gold nanoparticle-delivered the drug to target tumour cells in-vivo with no 

toxicity and with high therapeutic efficiency. Kattumuri and co-workers (2007) in an in-vivo 

and in-vitro study used GA-functionalized and gold nanoparticles to target three different 

markers. These markers are known to be highly expressed in cancer cells: matrix 

metalloproteinases (MMPs), epidermal growth factors receptors (EGFR) and oncoproteins 

found in human papillomavirus (HPV). They concluded that the specifically targeted tumour 

cells showed a drastic reduction and complete eradication in some others. Also their results 

showed that intravenous administration was uniform in the organs of the animals used in the 

experiment (Kattumuri et al., 2007). 
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Figure 1.11: Structure of Gum Arabic. 

(Modified from the book and paper group, Volume 10, American Institute for Conservation. 

Accessed December 2018. https://cool.conservation us.org/coolaic/sg/bpg/annual/v10/bp10-

02.html 

1.7 Nanotechnology 

Nanotechnology in the last decade has been considered as one of the most vital developments 

in the field of science and technology (Banerjee and Chen, 2007). It is an interdisciplinary 

technology with high potentials for healthcare usage, with the field encouraging knowledge 

from another field of sciences such as chemistry, biology, engineering, physics and medicine.  

(Zhang et al., 2004). These central materials in this field are nanoparticles, which are 

particles between 10-100nm in size with distinct properties like such as unique small sizes, 

morphology and distribution (Veerasamy et al., 2011; Banerjee and Chen, 2007; Zargar et al., 

2011). These particles also possess properties enhancing their applicability such as optical 

and magnetic properties, high surface-area-to-volume and electrical properties, among others 

(Gleiter, 2000). 

1.7.1 Application of Nanotechnology     

Current development in nanotechnology has established that nanoparticles have gained 

remarkable potential as drug carriers making them gain a wide range of biomedical 

applications, hence through bio-conjugation, nanoparticles are to be able to deliver a better 

https://cool.conservation us.org/coolaic/sg/bpg/annual/v10/bp10-02.html
https://cool.conservation us.org/coolaic/sg/bpg/annual/v10/bp10-02.html
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health care system and more effective diagnostic therapy (Agasti et al., 2010).  For examples, 

nanoparticles synthesised from plants can employed in the identification of proteins and 

nucleic acids expressed in disease conditions at early stages. More so, through 

nanotechnology, the major drawback in drug applications and early detection of diseases such 

as reduced toxicity, drug dosage, increase solubility, targeting ability and better drug 

specificity have been achieved. Nanotechnology has also brought about the development of 

fluorescent materials for molecular research (Bhatia, 2016).   

1.7.2 Types of Nanoparticles 

Nanoparticles can be broadly grouped into, one-dimensional nanoparticle, which includes 

biological sensors, optical devices and chemical sensors; while 2D nanoparticles include 

carbon nanotubes and three-dimensional nanoparticles; which are made up of dendrimers, 

quantum dots and others (Bhatia, 2016; Hett, 2004). Nanoparticles can also be classified 

based on their characteristics and functions. 

1.8 Quantum Dots (QDs)   

Quantum dots (QDs) are semiconductor nanocrystals of about two to10 nm in size made up 

of an inner metal core and a shell (Nguyen et al., 2013; Bruchez et al., 1998). These 

molecules have quantum effects associated with the size of the QDs, i.e. smaller size particles 

have shorter wavelengths, while larger particles have larger wavelengths (Alivisatos et al., 

2005 and Kawasaki et al., 2005). QDs are synthesised from group II-IV and III-V elements in 

the periodic table (Chan et al., 2002) and are mainly explored for their fluorescent properties 

over other organic materials for diagnostic and clinical uses (Hezinger et al., 2008; Jaiswal 

and Simon, 2004; Rodriguez-Fragoso et al., 2014).    
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Figure 1.12: Structure of Quantum dots.  

 (Modified from Madani et al., 2013). 

 

1.8.1 Characteristics of Quantum Dots 

Structurally, QDs comprise of a metalloid core and a ‘cap/shell’ that protects the core, which 

is mainly made of metal complexes such as semiconductors, noble metals and magnetic 

transition metals (Kim et al., 2010). QDs have a wide range of optical properties when 

compared to other organic fluorophores. They are about 10- 20 times brighter than other 

organic dyes (Gao et al., 2005), have very broad excitation spectra with a distinct narrow 

peak giving them a brighter emission property and a higher signal to noise ratio, thereby 

reducing autofluorescence (the difference between emission and absorption peaks) (Fu et al., 

2012). QDs are very stable because of their composition preventing photobleaching in the 

process, (Alivisatos et al., 2005; Chan et al., 2002) and this stability grants their usefulness 

for the thick specimen is in vivo imaging and background-free imaging (Shin et al., 2006). 

QDs have unique multi-coloured properties hence they can be unique when used as a probe to 

track the different number of targets in-vivo at the same time (Gao et al., 2005; Chan et al., 

2002) 



 
 

36 
 

1.8.2 Uses of Quantum Dots 

 

QDs can be manipulated for use in biological fluids or aqueous environment, by altering the 

chemical nature of their surfaces to affect solubility and by addition of specific chemical 

functionalities such as coating or capping to make them more water-soluble and to bio-

functionalized them with biomolecules for targeting., polymeric coatings such as PEG has 

been used. Gum Arabic glycoprotein polymer can also be used (Hezinger et al., 2008). More 

so, QDs can be targeted to specific biomolecules for promising applications in cellular 

labelling, deep-tissue imaging, assay labelling and as efficient fluorescence resonance energy 

transfer donors (Bottrill and Green, 2011; Medintz et al., 2005) Fig1.13. More so, QDs are 

most times not affected by photo-bleaching, thus making long-term labelling and 

monitoring of live cells more practicable (Lovric et al., 2005). A summary of the uses of 

QDs is shown in Fig 1.13. 

 

 

 



 
 

37 
 

 

 

Figure 1.13: Diagram showing the different uses of quantum dots. 

 

The various biomedical application of quantum dots in biotechnology field; they are used 

for delivery of drugs to many, early detection of cancer for bioimaging in vivo and in vitro 

as probe and biosensor. 

 

 

1.8.3 Cadmium Telluride (CdTe) QDs 

Amongst the different types of QDs, Cadmium Telluride (CdTe) QDs have found extensive 

use in biomedical and industrial purpose (Bao et al., 2010). CdTe quantum dots are known to 

serve as a unique probe in bio-imaging of living cells because of their distinctive 

photoluminescence characteristics when excited, their photostability, well-regulated and 

narrow emission, as well as high quantum yield (Bao et al., 2010; Ma et al., 2006; Nguyen et 

al., 2013). The method of synthesising and capping agent (CdTe) is fundamental as it 

determines its application in biological processes.   
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1.9 Cancer-specific peptide a promising agent for cancer diagnosis and therapeutics. 

Evidence abounds on the usefulness of peptides as agents for cancer therapeutics and 

diagnosis (Reubi 2003; Xiao et al., 2015). These molecules comprise of amino acids 

connected with peptide bonds with sizes between 2-50 amino acids (Reubi 2003; Xiao et al., 

2015).  There are over 60 peptidic drugs currently on the market globally, and some of them 

are used directly for cancer therapeutic presently (Thayer, 2011) (Fig1.14). Peptides can exist 

both in the natural or synthesised form (Reubi, 2003; Iikuni et al., 2009). In the past, 

monoclonal antibodies (mAbs) were used as targeting agents in cancer treatment, but studies 

have shown that peptides possess more advantages when compared to mAbs (Shadidi and 

Sioud, 2003). Some peptide have been discovered in the past few years for specific cancer 

cells as shown the Table 1.1 below 
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1.9.1 Peptide for Cancer diagnosis and Therapeutic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.14: Principle of peptide receptor targeting of cancer.  

(Taken and adopted from Reubi et al., 2003). 

 

 

 

Here, a tumour is expressing the peptide receptor, the peptide with conjugate nanomaterial 

then bind to it and internalise with the receptor into the cell. Whole body scan will detect the 

accumulation in a tumour, where it can be easily detected.  
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Table 1.1: Peptide applied in cancer diagnosis 

Cancer Peptide Year Author 

 

Breast cancer HER-2 

MUC1 

2014 

2011 

Boku et al. 

Zanetti et al. 

Colorectal cancer 
HNP1-3 

CPAA-783-EPPT1 

Serum C-peptide 

2006 

2012 

2014 

Albrethsen et al. 

Bloch et al. 

Comstock et al. 

 

Gastric cancer LGR5 

PGI/II, CA242 

2013 

2014 

Zheng et al. 

Lu et al 

Pancreatic cancer uMMP-2 and uTIMP-1 

MIC-1/GDF15 

RGS6 

2014 

2014 

2014 

Roy et al. 

Wang et al. 

Jiang et al. 

Prostate cancer EN2 

UCP2 

2013 

2013 

McGrath et al. 

Li et al. 

 

Lung cancer 

Linear peptide antigen 

derived from ANXA1 

 

HCBP-1 

 

 

C-peptide in serum 

2014 

 

 

2014 

 

 

2014 

Wang et al. 

 

 

Wang et al 

 

 

Zhang et al. 

 

 

1.9 Cytotoxicity of QDs 

 Any cancer treatment efficacy is measured directly by its ability to decrease or totally 

eliminate tumour cells with little or no effect on the healthy cells (Byrne et al., 2008) and also 
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considering the unique fluorescent properties of QDs; a flow cytometer will be used invitro 

for cytotoxicity assay. 

1.10 Flow Cytometry 

The use of flow cytometry technology in biomedical research has increased in the past few 

years (Ibrahim and Engh, 2007). The technology measures the distinct characteristics of 

particles or cells in a fluid. The cells or particles are first labelled with fluorescent materials 

and then made passed through a beam of light in a single file (Brown and Wittwer, 2000; 

Edward et al., 2004). The use of this instrument has increased notably in cancer research for 

cell sorting and diagnostics due to it's user-friendly and small sample size. Flow cytometry is 

a fast and convenient method of diagnosis because it is both a qualitative as well as a 

quantitative technique in biomedical research and it is also used clinical haematology.  

1.11 Problem Statement   

Cancer as a disease remains a global phenomenon affecting the population of all socio-

economic groups, developing and developed countries. Prompt and accurate diagnosis is 

imperative for the proper management of the disease. The challenge is to identify specific 

molecules that can bind tumour cells for the early detection of the disease. Given this, 

scientists have resulted in the use of targeted therapy via the use of nanoparticles such as QDs 

conjugated peptide system, for bio-imaging for early detection of diseases. Hence, in this 

research studies, this has necessitated the need to synthesise and capped non-toxic QDs, bio-

conjugate the QDs using nanobiotechnology with a peptide (CTX) for early detection of 

disease and therapeutics. CTX is a protein gotten from the venom of scorpion has emerged 

one of the promising targeting agents because it can bind specifically to MMP-2 protein 

expressed in a tumour cell, for the bio-imaging for early detection of cancer cells. Thus; it 

increases the chances of survival of cancer patients and serves as a point-of-care diagnostics 

for cancer treatment; as early diagnosis is the primary key to surviving the disease. 
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1.12 Aim and Objective of the Study 

The primary aim of this study is to synthesise, cadmium telluride quantum dots using Gum 

Arabic polymer and bio-conjugate the QDs with chlorotoxin peptide for cancer bioimaging 

purpose. 

The Research objectives include;  

1. To synthesise of water-soluble cadmium telluride quantum dots (CdTe) capped with 

Gum Arabic polymer, biophysically characterise these Quantum Dots using various 

techniques and determine their stability in different Media. 

2. To determine the toxicity of these Quantum Dots using WST-1 cell viability studies   

and using a flow cytometer assay to determine quantum dots uptake of cells. 

3. To determine cell binding studies using different forms chlorotoxin  protein ; 

i. Different chlorotoxin peptide labelled with FITC N and C-terminal  

ii. Protein expression (His-CTX-Gst), purification and sequencing CTX 

iii. Blocking studies using purified CTX and FITC labelled the peptide  

iv. Immunocytochemistry studies of Protein. 

v. Bio-conjugation and uptake Studies of QDs and CTX protein. 
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Abstract 

In this experiment water-soluble cadmium telluride (CdTe) quantum dots (QDs), capped with 

Gum Arabic (GA, were characterised using Ultraviolet-visible (UV-vis) spectroscopy, 

photoluminescence (PL) spectroscopy, X-ray diffraction (XRD), high-resolution transmission 

electron microscopy, particle size distributions and zeta potential were evaluated. 

Cytotoxicity of these QDs-MPA and QDs-GA were examined with using four different 

human cell lines; HeLa, MCF-7, PC-3 and U87 cells line. The QDs-MPA capped with 3-

mercaptopropionic acid, QDs-GA2 was stabilized and capped with GA at 60°C 

for 2hours, and QDs-GA12 was stabilized and capped with GA for 12hours at room 

temperature (25°C) with continuous stirring; These QDs-MPA, QDs-GA2 and QDs-GA12 

were found to be highly luminescent with PL values of 675nm, 678nm and 677nm 
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respectively. The average polydispersity index (PDI) were 0.36±0.02, 0.27±0.02, 0.35±0.01 

for QDs-MPA, QDs-GA2 and QDs-GA12 respectively. The average particles size from 

HRTEM, XRD and hydrodynamic size showed that the QDs-GA have bigger particle sizes of 

56.12 nm ±1.14, 68.69 nm ±2.08 and 77.85 nm ±1.69 for QDs-MPA, QD-GA2 and QD-

GA12. Cytotoxicity studies of these QDs were carried out using WST-1 cell proliferation 

assay on four different tumour cell line. The results showed that these cells were over 50 per 

cent viable and the QDs-GA capped had higher cell percentage viability.  

Keywords: Gum Arabic (GA), Quantum Dots (QD), Cadmium Telluride (CdTe), Cancer 

cells, Cytotoxicity. 

2.1 Introduction 

Semiconductor nanoparticles have been widely explored based on novelties, their unique 

properties.1,2,3, and their synthesis has also improved in recent years. This may be attributed to 

the development in the instrumentation and the broad application of QDs in different fields.4-7    

In the midst of the numerous forms of QDs, cadmium telluride (CdTe) QDs have found full 

application for industrial and biomedical applications.8 These CdTe QDs show exceptional 

promise for imaging of cells because of their unique characteristics, including; small size 

range of 1-10 nm,3,5,9 photoluminescence, narrow emission, which is size dependent, photo-

stability and relatively high quantum yield.2,8-11 They are also unique in the sense that they 

can be excited by a single wavelength and emit different wavelength with different spectra  

this is determined by the size of the QDs 2,9,11,12  The method used to synthesise CdTe as well 

as the capping agent  for CdTe is very important as this determines its application what 

application it can be used for. QDs are made up of the inner core and a shell which help to 

increase their optical property and stability,2 making them an outstanding choice as 

fluorescent probes in biological applications, cellular bio-imaging and diagnosis, especially in 

cancer research.3,9 Gum Arabic (GA) is an edible glycoprotein polymer from acacia plants 
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that is non-toxic and odourless. It is a heterogeneous polymer of the arabinogalactan type 

made up of carboxyl and amine groups and mainly used in the food and pharmaceutical 

industries as an emulsifier and a stabiliser.13,14 In the synthesis of nanoparticles GA can 

provide functional groups which may act as a reducing agent and give colloidal stability to 

the nanoparticles.8,15,16 Most recently, the biological research focal point is shifting to the use 

of natural materials for synthesising nanoparticles, which are characteristically non-toxic to 

the metabolic system.17 The use of GA for surface modification is termed green surface 

modification considering the numerous advantages including economic, safe and produces 

less waste with minimal risk.18-20 The use of Gum Arabic in nanoparticles synthesis can serve 

as a capping, stabilising agent and a source of carboxyl group for the attachment of molecules 

in nanoparticles synthesis. 

In this research, we are reporting for the first time the use of Gum Arabic polymer to cap and 

stabilise CdTe quantum dots using two different routes; at 25oC for 12hours and 60oC for 2 

hours with continuous stirring respectively. The GA maintains the integrity of the quantum 

dots and enhances its applicability. 

2.2 Experiment 

Chemicals: 

The reagents were used as purchased from the manufacturers without any additional 

purification. Cadmium chloride (CdCl2), 3-mercaptopropionic acid (MPA, 99%), sodium 

borohydride (NaBH4), tellurium (99.8%), zinc acetate (99.9%), thiourea (99%), ethanol 

(99%) and acetone were purchased from Sigma–Aldrich, and were used without further 

purification. WST-1 Cell Proliferation Reagent 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-

tetrazolio]-1,3-

benzene disulfonate (Roche Diagnostics, Mannheim, Germany), RPMI1640, Penicillin and 

Streptomycin, Sterile phosphate buffer, Trypsin, Dulbecco’s modified Eagle’s medium 
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(DMEM) was from gotten from Lonza, FBS (Fetal bovine serum) was obtained from 

Gibco Life technologies and 96-well Flat bottom clear microplate (Greiner) and the Gum 

Arabic (GA) was obtained from the Rubber Research Institute of Nigeria (RRIN).  

The optical characterisation and photoluminescence (PL) of CdTe-QDs was carried out using 

Polar Star Omega Spectrophotometer (BMG Lab tech) and Nano log HORIBA FL3-22-

TRIAX, respectively. X-Ray diffraction (XRD) crystalline phase analysis of the dried sample 

QDs was ascertained using an AXS D8 diffractometer (Bruker) with nickel-filtered Co Ka 

radiation (k = 1.5418 A °) CuKα¼1.5418Åat 40 kV at a scanning rate of 0.01 per min in a 

range of 2 theta = 15 to 70o.  

High-Resolution Transmission Electron Microscope (model TECNAIF3OST-TEM) was used 

to determine the morphology and the elemental distribution of the QDs. The sample was 

prepared by putting a drop of the QDs solution on a nickel grid and allowing to dry it before 

analysis. Fourier transform infrared (FTIR) analysis was carried out on a PerkinElmer 

spectrum100 series s instrument using potassium bromide (KBr) pellets, this was done with 

the dry sample of the QDs. The hydrodynamic size distribution and the zeta potential of the 

QDs were measured using a Malvern Zeta sizer Nano-ZS (Malvern, Worcestershire, UK).  

2.3 Synthesis and Characterization of CdTe-QDs  

The synthesis of the CdTe was carried out using methods described previously 12,28 but with 

some slight modifications 21-23. All reactions were carried out under an inert atmosphere using 

nitrogen gas. All the flasks were washed, rinsed with acetone and dried in the oven before 

synthesis. Sodium hydrogen Telluride complex (NaHTe) made by dissolving 1mmol sodium 

borohydride (NaBH4) and 0.04 mmol tellurium powder (Te) in deionised water. The solution was 

heated at 80oC for 30 minutes with continuous stirring, which resulted in a colour change from black 

to the purple colour solution of NaHTe. The Cd/MPA precursor was prepared by mixing 0.4 mmol 
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CdCl2 and 0.6 mmol MPA in deionised water, which raised the initial pH of 2.48 to pH 11.7. The 

solution was heated to 80oC under inert atmospheric conditions in a three-neck flask, and the NaHTe 

solution was injected. The reaction was maintained at 100oC for 2 hours allowing the growth of CdTe 

nanocrystals.  Afterwards, the solution was rapidly cooled down on the ice, and two mL 0.1M zinc 

acetate and 0.1 M thiourea in deionised water was added to the CdTe solution and which raise the pH 

to 11.5. The solution was degassed and subsequently heated to 90oC for 1 hour in a three-neck flask 

which allowed the growth of MPA-capped CdTe QDs. The solution ultimately changed colour from 

purple to greenish yellowish. The solution was aliquot in 2mL Eppendorf tubes and centrifuged for 

3minutes at a speed of 13000 rpm using Eppendorf mini spin plus microcentrifuge to remove 

impurities and unreacted materials. The supernatant was collected in sterile 15ml tubes, and the 

pellets were discarded. 

2.4 Preparation of QDs-GA Using Gum Arabic Polymer 

The QDs-GA preparation experiment was carried out according to the method as previously 

by. 24 The Gum Arabic (GA) capped CdTe QDs was prepared by adding 1mL of (5%) GA 

solution to 5mL of MPA-capped CdTe QDs and stirred for 12-15 hours at room temperature 

25ºC to form QDs-GA12. Stirring of QDs-GA2 was done for 2hours at 60ºC after addition of 

1mL 5% GA solution was added to 5 mL of QD solution. The samples recovery was by 

addition of absolute ethanol in a 15mL tube, the resulting solution then centrifuged at 14000 

rpm for five mins, then discarded the supernatant, and the pellet was resuspended in distilled 

water for further characterisation. 

2.5 Investigation of the effect of CdTe QDs in cancer cells 

The cytotoxicity of CdTe QDs on selected cancer cell lines was assessed using 4-[3-(4-

iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1, 3-benzene disulfonate (WST-1) in vitro 

assay. The four cell lines: HeLa (cervical cancer), MCF-7 (breast cancer), PC-3 (prostate 

cancer) and U-87 (brain cancer). MCF-7 (from ATCC), HeLa and U-87 cells were cultured in  
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Dulbecco’s modified Eagle’s medium (DMEM) (incomplete) and PC-3 cells in on 

RPMI1640(incomplete) (BioWhattaker, Lonza) that was supplemented with 10% FBS (Fetal 

bovine serum) (Gibco life technologies) and Pen-strep (BioWhattaker, Lonza) to make it a 

complete media. The cells were grown in about 6mL of complete media in T75 tissue 

culture flask for about 2 to 3 days for all the cell lines except U87 cells that took 

upto 4 to 5 days at 37°C in a humidified atmosphere with 5% CO2 in a Shel Lab 

incubator until ~70% confluency reached. When cells reach the desired confluence, 

trypsinisation was done; briefly, cell media in the T75 culture flask was decanted, cells were 

washed with sterile 1XPBS and media decanted. The cells were trypsinised using 1X trypsin 

and centrifuged at 3000xg for 3minutes 15ml Eppendorf tubes. The supernatant was 

removed, and media was added to tubes. Cells were counted using an automated cell counter, 

and the cells were seeded (100 µL per well) at a density of 1 x 105 cells per mL in a 96 well 

plate and cultured for 24 hours at 37 °C. After 24 hours of incubation, the media was 

removed, and cells washed with 1XPBS. After that, the cells were treated for 

another 24 hours with different concentrations of QDs -MPA, QD-GA2 and QD-

GA12. The positive control cells were treated with 6% DMSO. After treatment, 

the spent media was replaced with 100µL fresh media. WST-1 reagent 10µL then 

added to each well, and the plate was incubated for 4 hours at 37 °C. Absorbance 

measured at 440 nm and 630 nm, using BMG Labtech Polar Star Omega microplate reader 

and the experiment was carried in triplicate of experiments. The percentage cell viability 

calculated as the percentage mean absorbance ratio of treated cells against percentage means 

absorbance ratio of untreated cells multiplied by 100 as shown in the formula below: 

Percentage (%) Cell viability =    X 100 
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2.6 Results and discussion  

2.6.1 Optical characterisation 

The QDs solutions were centrifuged immediately after synthesis to remove impurities and 

unreacted materials. The UV-vis and PL were used to monitor and confirm the formation of 

the CdTe QDs, and GA capped nanoparticles respectively. The UV-vis absorption spectra of 

the QDs-MPA was about 466 nm while for QD-GA2, and QD-GA12 was 453 nm and 455nm 

respectively as seen Fig2.1  
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Figure2.1: UV–vis spectra of the QDs-MPA, QDs-GA2 and QDs-GA12 

 

The PL wavelengths and peaks are in agreement with other studies.8,11 Photoluminescence 

peak showed a red shift in emission spectra. PL spectra of the QDs-MPA and the GA-capped 

QDs was in the same range of 676 to 678nm. PL peaks were overlaid, the QDs-GA12 had the 

highest intensity peak as shown in Figure 2.2. This is probably due to the bigger particle size 

of QDs-GA12 from TEM analysis (3.9 nm) and hydrodynamic size (77.85 nm). 
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Figure 2.2: The photoluminescence spectrum of the QDs-MPA, QDs-GA2 and QDs-

GA12 

 

The full width at half maxima (FWHM) of particles increases with incubation time, and this  

also depends on the increase in the size of particles.8 Hence was observed  that in the 

quantum dots synthesized and capped for 12 hours (QD-GA12) at room temperature showed 

bigger particle sizes and the largest FWHM values for PL spectra, this was followed by the 

QDs-GA2 and QDs-MPA which were 103.5nm, 93.5nm and 70nm respectively; this is 

consistent with the increase in size of QDs-GA12 having the most significant particle size. 

2.6.2 X-Ray Diffraction (XRD) Powder  Analysis  

This XRD was used to ascertain the crystal nature of the QDs. XRD powder analysis pattern 

of  QDs-MPA, QDs-GA2 and QDs-GA12 are shown in figure2.3 below. 
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Figure2.3: XRD pattern of the QDs-MPA, QDs-GA2 and QDs-GA12  
 

The figure shows a major distinctive broad peak at 2θ of 26.7, 26.5and 26.52  corresponding 

to the indices (498), (304) and (782) respectively. The two minor small peaks correspond to 

2θdegree; 43.88, 52.02 for QDs-MPA; 43.67, 52.03 for QDs-GA2 and 43.98, 51.91 for QDs-

GA12 as shown in (Fig 3). The crystalline cubic phase of the QDs was established, and this 

corresponds to the cubic CdTe standard pattern (JCPDS card no: 065-1047), similar to the 

work of. 25  Broad distinctive peaks imply the presence of small-sized nanoparticles. 8,6 

The Derby Scherer equation was also used to calculate the particle size of the quantum dots 

from the XRD graph 

Particle Size (S) =   
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Where S is the size of particles (nm), λ=1.5406Åis a constant which is the wavelength of the 

X-ray radiation, B = 0.91, β is full width at half maximum (FWHM) of the XRD pattern, θ is 

the Bragg's angle in degree. The average sizes of the different quantum dots using XRD 

peaks were; 3.78, 3.97 and 4.2nm for QDs-MPA, QDs-GA2, and QDs-GA12 respectively, 

these values measure up with the previous data obtained for particle sizes using image J. This 

observation was then confirmed with HRTEM and particle size analysis. 

 

2.6.3 High-Resolution Transmission Electron Microscope 

The CdTe QDs were characterised using HRTEM to determine shape, size and structure. The 

HRTEM results are shown in fig 2.4c, 2.5c and 2.6c. 
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                                  Figure2.4a: Particle size distribution of QDs-MPA 

 

 

 
                            Figure2.4b: EDX Spectra of QDs-MPA  

 

 

 
                        Figure2.4c: HRTEM and SAED images of QDs-MPA 
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                                      Figure2.5a: Particle size distribution of QDs-GA2  

 

 

 
                               Figure 2.5b: EDS spectra of QDs-GA2 

 

 

 
                                 Figure 2.5c: HRTEM and SAED images of QDs-GA2 
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                              Figure 2.6a: Particle size distribution of QDs-GA12 

 

 

 
 

                       Figure2.6b: EDS spectra QDs-GA12 

 

 

 

                               
                     Figure 2.6c: HRTEM and SAED images of QDs-GA12 
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Image J software was used on the HRTEM images to determine the diameter of the QDs; The 

average particle size was 2.7nm,3.45nm and 3.9nm for QDs-MPA, QDs-GA2 nad QDs-

GA12 respectively. The particle size distribution from image J was presented in fig2.4a, 2.5a 

and 2.6a for each of the QDs. The QDs were dispersed adequately from HRTEM images. The 

EDS was used for elemental analysis of the individual elements present in sections of the 

sample; The spectra show traces of cadmium, tellurium, carbon, oxygen, zinc, sodium and 

chlorine in the spectra, Fig2.4b, 2.5b and 2.6b for the different QDs respectively. Research 

has shown that particles capped with polymer tend to have bigger sizes compared to MPA 

capped particles. This result is consistent with the literature. Also, the difference in the size of 

the 2hour QDs-GA and QDs-GA12 may probably be due to the effect of temperature on the 

participles. Fig2.4c, 2.5c and 2.6c showed the HRTEM and SAED images for QDs-MPA, 

QDs-GA2 nad QDs-GA12 respectively. 

2.6.4 Fourier Transform Infrared Spectroscopy (FT-IR)  

FTIR analysis shows the functional groups that are present in the compound. The 

spectroscopy was measured from range of 4000 to 350cm-1 range and was used to confirm 

the capping of QDs with GA polymer, as shown in Fig2.7.  
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 Figure2.7: The FT-IR plot of all three; QDs-MPA, QDs-GA2 and QDs-GA12 

 

 

The FTIR spectra of the GA powder, QDs and QDs-GA were analysed overlaid and 

compared. FTIR spectra of GA powder and QDs-GA2 and QDs-GA12 showed similar peaks 

confirming the capping of the CdTe QDs, the characteristic stretch at 3300 cm-1 to 3328cm-1 

for –OH stretching is attributed to the monosaccharide which makes up the GA polymer 

possessing some free-OH, 26,27 the band at 2917cm-1 stretching is R-CH2-R found in the GA 

capped QDs and GA powder. The stretch between 995 cm-1 and 1047 cm-1are commonly 

referred to as GA “fingerprint” and represents the C=O and C-N frequencies stretching. There 

was also aliphatic amine stretching vibration of the arabinogalactan chains of GA 27 at 1290 

cm-1which a is a particular band of aliphatic amine. The broad QDs stretch between 3340 cm-

1 to 3200cm-1is  O-H associated with acid in the sharp peak at 1700cm-1 is assigned to 

carboxylic acid (R-COOH)  associated with the capping mercaptopropionic acid (MPA).28 

Surface chemistry of nanoparticles has some crucial impact on their application biologically. 
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2.6.5 Zeta Potential,  Hyrodynaymic Sizes and Polydispersity Index 

 The zeta potential of nanoparticles is a vital marker for predicting the long-term stability of 

nanoparticles in solution and also to determine the surface charge and a high zeta potential 

values of about ±25 mV to ±60 mV which indicates that the particle is stable.29 the 

hydrodynamic particle size and Polydispersity index (PDI) of the QDs was also measured. In 

each case, measurements were done in triplicate at room temperature at 250C, and the average 

value was obtained. The bar chat distribution of the Zeta potential, PDI and hydrodynamic 

sizes of the quantum dots are shown in Fig: 2.8 with the bars having different alphabet 

indicating that they are significantly different from each other.  
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Figure 2.8: Histogram showing the Zeta potential, Polydispersity index (PDI) and 

hydrodynamic distribution of the different quantum dots. 
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Zeta potential is an important parameter used to ascertain long-term stability and 

investigative assessment of the nanoparticles.30 Zeta potential of the quantum dots was not 

significantly different from each other and with a mean value of (34.12±0.8), (30.87±1.18) 

and (33.56±1.3) for QDs-MPA, QDs-GA2 and QDs-GA12 respectively. Particles with zeta 

potential value of above ±30 are said to be very stable according to literature.31 The zeta 

potential of the QDs was above ±30 with QD-GA12 having the highest zeta value and QDs-

GA2 having the lowest zeta potential. The number of particle ratio to total number particles 

present in a solution is termed polydispersity index. The colloid solution with low PDI values 

of less than one for the particles is said to be monodispersed.32 The mean PDI values of QDs 

were (0.37±0.02), (0.27±0.02) and (0.35±0.01) for QDs-MPA, QDs-GA2 and QDs-GA12 

respectively. The PDI values of QDs-MPA and QDs-GA12 were not significantly different 

from each other but differed over p values (P<0.05). The hydrodynamic size of the three 

quantum dots showed significant differences in their sizes with p values of (P>0.0001) with a 

mean value of (56.12 nm ±1.14), (68.69 nm ±2.08) and (77.85 nm ±1.69) for QDs-MPA, 

QDs-GA2 and QDs-GA12 respectively.  

       QDs capped with GA polymer had a larger hydrodynamic size which was probably due 

to the effect of the capping agent. Zeta potential is an essential parameter for ascertaining the 

long and short-term stability of a material. This substance with high zeta potential values are 

said to be highly stable and low values tends to coagulate or agglomerate making them 

unstable. The zeta potential of the QDs were (34.12±0.8), (30.87±1.18) and (33.56±1.3) for 

QDs-MPA, QDs-GA2 and QDs-GA12 respectively. QDs-MPA and QDs-GA12 had higher 

zeta potential value when compared to QDs-GA12 which implies these particles are more 

very stable. 
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2.7 Cytotoxicity Studies of the Bare and GA capped Quantum Dots 

Nanoparticles capped with polymers are presumed to be less toxic compared to those capped 

with synthetic materials because of the displayed stabilities. Research has shown that water-

soluble quantum dots have a low level of toxicity. Fig: 2.9, 2.10, 2.11 and 2.12 showed the 

cytotoxicity of the MPA and GA capped QDs on selected cancer cell lines after 24-hour 

exposure.  

 

Figure 2.9: Bar chart showing U87 Cytotoxicity assay using QDs-MPA and QDs-GA 

 

 
Figure 2.10: Bar chart showing MCF-7 cytotoxicity assay using QDs-MPA and QDs-GA 
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Figure 2.11: Bar chart showing HeLa cytotoxicity assay using QDs-MPA and QDs-GA 

 

 

 

Figure 2.12: Bar chart showing PC-3 cytotoxicity assay using QDs-MPA and QDs-GA 

  

 

In this study, the viability of QDs was carried out in triplicate, and the average is taken. QDs 

capped with GA and uncapped were over 50% for all cell lines. 

 Published literature has shown that quantum dots coated with polymer shows excellent 

colloidal stability in solution 33-35.  
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PC-3 cells were very viable for all the concentrations except at 100µg/ml for MPA capped 

QDs and QDs-GA2 our results were in concordance with other published work 36 in 

literature. Surface coating plays a vital role in the cytotoxicity of quantum dots. 37,38   

All other cell lines were over 50% viable when compared with control 6% DMSO used in the 

experiment as control treatment and the toxicity is dose-dependent. For all cell lines 

especially HeLa and MCF-7, we observed an increase in cell viability at 6.25µg/ml 

comparable to the untreated cell (0 concentration) probably due to an increase in cell 

proliferation. 

2.8 Conclusion  

In this experiment Luminescent CdTe QDs capped with GA was synthesised and capped at 

two different temperatures (60 degrees for 2 hours and at room temperature for 12hours with 

continuous stirring). 

 Capping of nanoparticles with other materials can help to stabilise the particle and provide 

functional groups. QDs that were capped with GA for 12hours were found to be very stable 

and monodispersed. Cytotoxicity analyses show the cells were over 50% viable. GA capped 

QDs were found to be less toxic in a concentration-dependent manner.  

We conclude that QDs synthesised from our studies can be potentially serve bio imaging 

purposes due to their low toxicity and significantly higher cell viability.   
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CHAPTER THREE 

Stability of QD-MPA and QD-GA CdTe Quantum dots in some biological 

media 

3.1 Introduction   

In recent times, there has been an increase in the use of core-shelled nanoparticles like 

quantum dots because of their applications. 

Studying the responses of the interaction of nano-materials with other biological materials 

can reveal valuable information of their therapeutic applications (Iijima and Kamiya 2009; 

Hwang et al., 2008; Kumar et al., 2014; Tso et al., 2010; Zhang et al., 2009). Biologically, 

stable quantum dots are expected to have a minimum shift in their UV-Vis spectra in buffer 

or media. The stability of nanoparticles in biological media is an essential property because 

it is crucial to their application in invitro and invivo studies (De Barros et al., 2016; 

Elbagory et al., 2016; Lazzari et al., 2012). Nanoparticles have the propensity to aggregate 

in biological media, thereby bringing about changes in their physicochemical properties (De 

Barros et al., 2016; Khademi-Azandehi et al., 2015; Yu et al., 2017; Hwang et al., 2007). 

Understanding the changes that could occur when these particles are used at different 

conditions, concentrations and time is essential in determining their applications and 

possibly their level of toxicity. The stability test is a routine biophysical experiment used to 

determine the colloidal constancy of nanoparticles (Tejamaya et al., 2012).  

This study evaluated the stability of QDs-MPA and QDs-GA quantum dots incubated in three 

different tissue culture media: Complete Roswell Park Memorial Institute Medium (RMPI 

1640) media, Complete Dulbecco's Modified Eagle's medium (DMEM) media and 10 % 

Fetal Bovine Serum (FBS) and two commonly used buffers in cell biology: 0.5 % Bovine 

Serum Albumin (BSA) and Phosphate buffer saline (PBS). More so, these experiments were 



 
 

97 
 

evaluated at different time points, and UV-Vis spectra were used to monitor their stability 

over time. 

3.2 Experimental design 

3.2.1 Materials used 

Dulbecco’s modified Eagle’s medium (DMEM) (BioWhattaker, Lonza), Complete RPMI-

1640 (BioWhattaker, Lonza), 10 % Fetal bovine serum (Gibco Life Technologies), Phosphate 

Buffer (BioWhattaker, Lonza), Bovine Serum Albumin (Roche Diagnostics, Germany), 96-

well plates and sterile glass tubes. 

3.2.2 Method 

The synthesised QDs-MPA, QDs-GA2 and QDs-GA12 were centrifuged for 2 minutes at 

4500 rpm using a microcentrifuge to remove impurity and unreacted materials. The quantum 

dots were after that recovered with ethanol by centrifugation at 4300 rpm for 10 minutes to 

obtain nanoparticle pellets, after which, they were dried and re-suspended in a distilled water. 

The QDs invitro stability was carried out according to the method of Elbagory et al. (2016), 

with minor modifications. Briefly, an equal volume of QDs solution (100 µL) was incubated 

with 100µL of either buffer or media in a 96 well plate to make a total volume of 200 µL and 

set up in triplicates at the same time. After that, the stability of the QDs determined by 

measuring the changes in the UV-Vis spectra of the nanoparticle solutions at time intervals of 

0, 1, 6, 12, 24, and 48 and 360 hours in 10% FBS, complete DMEM, complete RPMI, 0.5 % 

BSA and PBS buffers. 

3.3 Results and Discussion 

Studies have shown that nanoparticles capped with polymers are sterically stable (Pavlin and 

Bregar, 2012; Tejamaya et al., 2012). In this study, the effect of four media (Complete 

DMEM, 0.5% BSA, 10% FBS and complete RPMI) and PBS buffer composition, time and 
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concentration on the stability of quantum dots capped with MPA (QDs-MPA) and Gum 

Arabic powder (QDs-GA) was investigated. Ordinarily, nanoparticles that can be applied 

biologically should show slight or no aggregation in biological media and buffer, hence the 

need for these biological materials to be stable (Iijima and Kamiya, 2009; Zhang et al., 2009). 

Added to this, several studies in literature alluded to the fact that capping confers stability on 

nanoparticles, particularly with polymers (Kvitek et al., 2008; Pavlin and Bregar, 2012; Rao 

and Kulkarni, 2002).  

3.4 Stability of QDs-MPA and QDs-GA in 0.5% BSA 

In this study, the stability of QD-MPA and QDs-GAs was monitored using UV-Vis spectra 

over time. Figures 3.1, 3.2 and 3.3 showed the UV spectra of the stability studies of QDs-

MPA, QDs-GA2 and QDs-GA12 in 0.5% BSA from 0-360 hours. 

As shown in Figure 3.1, there was no shift in the absorbance spectra of QDs-MPA from 0-48 

hours, which implies that the nanoparticles were very stable in this medium within this time 

range. However, there was a notable shift in the spectra of this nanoparticle at 360 hours; 

which may be indicative of an increase in particle size and agglomeration of the nanoparticles 

leading to the formation of supramolecular structures (Hrubý et al., 2016; Ling et al., 2009).. 

Figure 3.2 depicts the stability of QDs-GA2 in 0.5% BSA in which these nanoparticles were 

displayed to be very stable from 0-48 hours with a slight change at 360 hours, potentially due 

to an increase in nanoparticle size.  

The QDs-GA12 stability in 0.5% BSA was shown as displayed in the spectra of Figure 3.3. It 

was observed that the nanoparticles followed the same pattern as earlier depicted for QDs-

MPA and QDs-GA2 from 0-360 hours, but at 48 hours there was a slight increase in the 

absorbance spectra upward indicative of an increase in the size of the nanoparticles. It is still 

not clear why there is a shift in the spectra at 48 hours and not at 360 hours. 
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Figure 3.1: Stability of QDs-MPA in 0.5% BSA 
U-Vis spectra showing the stability of QDs-MPA at time intervals 0, 1, 6, 12, 24, 48 and 360 hours. 

The black spectra represent the 0.5% BSA only (control). The spectra showed that the particles were 

stable from 0-48 hours, but a shift was observed at 360 hours which is indicative of instability 

probably due to an increase in particle size. 

 

 

 

 

 



 
 

100 
 

350 400 450 500 550 600 650 700

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
In

te
n

s
it

y
(a

.u
)

Wavelength(nm)

 0.5% BSA

 0hr

 1hrs

 6hrs

 12hrs

 24hrs

 48hrs

 360hrs

Stabilty of QDs-GA2 in 0.5% BSA

 

Figure 3.2: Stability of QDs-GA2 in 0.5% BSA:  

U-Vis spectra showing the stability of QDs-GA2 at time intervals 0, 1, 6, 12, 24, 48 and 360 

hours. The black spectra represent the 0.5% BSA only (control). The spectra of the QDs from 

0-48 hours showed the stability of the QDs was not compromised until at 360 hours when 

there was a slight shift.  

 



 
 

101 
 

 

400 450 500 550 600 650 700

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
Stabilty of QDs-GA12 in 0.5% BSA

In
te

n
s
it

y
(a

.u
)

Wavelength (nm)

 %0.5BSA

 0hr

 1hr

 6hrs

 12hrs

 24hrs

48hrs

 360hrs

 

Figure 3.3: Stability of QDs-GA12 in 0.5% BSA: 

U-Vis spectra showing the stability of QDs-GA12 at time intervals 0, 1, 6, 12, 24, 48 and 360 

hours. The black spectra represent the 0.5% BSA only (control). QDs spectra from 0-24 

hours showed that there was no shift signifying that these particles are stable, but there was a 

slight shift upward at 48 hours. A downward spectra shift at 360 hours was observed and 

could be indicative of gradual recovery of the QDs at this time interval. 
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3.5 Stability of QDs-MPA and QDs-GA in DMEM 

In Figures 3.4, 3.5 and 3.6, results obtained showed the stability of QDs-MPA, QDs-GA2 and 

QDs-GA12 quantum dots in DMEM. The spectra in Figure 3.4 revealed that there is a 

gradual shift in spectra with time between 0-360 hours, confirming a time-dependent increase 

in the size of quantum dots. It is possible that the spectral absorbance from DMEM interferes 

with that of the nanoparticles. The absorbance of the nanoparticles shown in Figures 3.5 

(QDs-GA2) and 3.6 (QD-GA12) when dissolved in DMEM also shows there is a gradual 

shift in spectra to the right with an increase in time, suggesting an increase in nanoparticle 

sizes. Additionally, both quantum dots showed a very noticeable broad shift at 360 hours, 

which may be due to aggregation as the QDs grow in size.  
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Figure 3.4: Stability of QDs-MPA in DMEM:  

U-Vis spectra showing the stability of QDs-MPA at time intervals 0, 1, 6, 12, 24, 48 and 360 

hours. The black spectra represent the DMEM buffer only (control). The spectra showed that 

there is a gradual shift in spectra with time, which may be due to the DMEM absorbance 

interfering with the absorbance of the nanoparticles from 0-360 hours but a notable shift was 

observed at 48hour. 
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Figure 3.5: Stability of QDs-GA2 in DMEM:  

U-Vis spectra are showing the stability of QDs-GA2 at various time intervals 0, 1, 6, 12, 24, 

48 and 360 hours. The black spectra represent the DMEM media only (control). The spectra 

showed that there is a gradual shift in spectra with time it can vary due in DMEM absorbance 

interfering with the absorbance of the nanoparticles from 0-360 hours.  
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Figure 3.6: Stability of QDs-GA12 in DMEM:  

U-Vis spectra are showing the stability of QDs-GA12 at various time intervals 0, 1, 6, 12, 24, 

48 and 360 hours. The black spectra represent the DMEM media only (control). There is a 

gradual shift in the absorbance of the spectra of the QDs with time, which may be due to the 

absorbance of the DMEM interfering with the absorbance of the nanoparticles from 0-360 

hours.  
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3.6 Stability of QDs-MPA and GA-QDs in 10% FBS 

The stability of QDs-MPA, QDs-GA2 and QDs-GA12 in 10 % FBS were depicted in Figures 

3.7, 3.8 and 3.9 respectively. Figure 3.7 showed very uniform QDs spectra which reflect the 

stability of the QDs between 0-48 hours with a slight shift at 360 hours. Conversely, the 

absorbance spectra of the QDs-GA2 shown in figure 3.8 revealed there was no shift in the 

QDs absorbance spectra from the beginning of the stability experiment at 0 hours through to 

360 hours. More so, the same pattern of spectral absorbance is depicted in Figure 3.9, 

whereby the QDs-GA12 showed uniform absorbance spectra at all the time intervals 

revealing the uniform stability of the QDs from 0-360 hours. 
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Figure 3.7: Stability of QDs-MPA in 10% FBS:  

U-Vis spectra showing the stability of QDs-MPA at time intervals 0, 1, 6, 12, 24, 48 and 360 

hours. The flat black spectra represent the 10% FBS only (control). The figure showed that 

the QDs spectra were very uniform indicative of the stability of the QDs at 0 – 48 hours with 

a slight shift noticeable at 360 hours. 
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Figure 3.8: Stability of QDs-GA2 in 10% FBS:  

U-Vis spectra showing the stability of QDs-GA2 at time intervals 0, 1, 6, 12, 24, 48 and 360 

hours. The flat black spectra represent the 10% FBS only (control). The figure showed that 

the QDs spectra were very uniform revealing the stability of the QDs at 0-360 hours.  
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Figure 3.9: Stability of QDs-GA12 in 10% FBS:  

U-Vis spectra showing the stability of QDs-GA12 at time intervals 0, 1, 6, 12, 24, 48 and 360 

hours. The flat black spectra represent the 10% FBS only (control). The figure showed that 

the QDs spectra were very uniform revealing the stability of the QDs at 0-360 hours. 
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3.7 Stability of QDs-MPA and QDs-GA in PBS 

Furthermore, Figure 3.10 depicts the absorbance spectra of QD-MPA in PBS showing the 

QDs spectra were very uniformly stable between 0-12 hours, a noticeable slight shift between 

24-48 hours indicative of a gradual increase in particles size, but with a noticeable shift at 

360 hours. Conversely, the QDs-GA2 in PBS absorbance spectra reflect in figure 3.11 

wherein the QDs spectra absorbance were at the same wavelength showing that the QDs from 

0-360 hours were very uniformly stable and that the particle sizes remain the same. The QD-

GA12 dissolved in PBS (shown in Figure 3.12 ) displayed QDs spectra absorbance at the 

same wavelength between 0-48 hours showing the very uniform stability of the QDs within 

the periods, but a very noticeable shift at 360 hours reflecting aggregation due to increase in 

particle size( Elbagory et al., 2016; Krutyakov et al., 2008; Khademi-Azandehi et al.,  2015). 
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Figure 3.10: Stability of QDs-MPA in PBS:  

U-Vis spectra are showing the stability of QDs-MPA at time intervals of 0, 1, 6, 12, 24, 48 

and 360 hours. The flat black spectra represent the PBS buffer only (control). The figure 

showed that the QDs spectra were very uniform revealing the stability of the QDs at 0-48 

hours, but a noticeable shift is seen at 360 hours. 
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Figure 3.11: Stability of QDs-GA2 in PBS:  

U-Vis spectra showing the stability of QDs-GA2 at a time interval of 0, 1, 6, 12, 24, 48 and 

360 hours. The flat black spectra represent the PBS buffer only (control). The figure showed 

the QDs spectra were very uniform showing the stability of the QDs at 0-360 hours. 
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Figure 3.12: Stability of QDs-GA12 in PBS:  

U-vis spectra are showing the stability of QDs-GA12 at time intervals of 0, 1, 6, 12, 24, 48 

and 360 hours. The flat black spectra represent the PBS buffer only (control). The figure 

showed that the QDs spectra were very uniform revealing the stability of the QDs between 0 

– 48 hours, but with a very bulging shift at 360 hours which may be due to time-dependent 

particle size aggregation. 
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3.8 Stability of QDs-MPA and QDs-GA in RPMI 

In Figure 3.13, the QDs-MPA particle spectra showed absorbance at the same wavelength 

from 0-48 hours, which implies the particles were very stable. However, at 360 hours, the 

presence of a very prominent spectra shift suggestive of aggregation or an increase in particle 

size can be observed. Additionally, the QDs-GA2 spectra shown in Figure 3.14 presents 

uniform QDs spectra between 0-48 hours suggesting these particles are stable in this media, 

but a flattened spectrum at 360 hours as seen in the control spectra could be an indication of 

loss quantum dots. Figure 3.15 showed that the QDs spectra were very stable with the same 

absorbance at 0-48 hours but shifted at 360 hours probably due to particle size increase 

(Elbagory et al., 2016). 
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Figure 3.13: Stability of QDs-MPA in RPMI:  

U-Vis spectra are showing the stability of QDs-MPA at time intervals of 0, 1, 6, 12, 24, 48 

and 360 hours. The flat black spectra represent RPMI only (control). These nanoparticle 

spectra showed they were very stable from 0-48 hours, but at 360 hours, a noticeable spectra 

shift which may be due to aggregation or an increase in particle size is observed. 
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Figure 3.14: Stability of QDs-GA2 in RPMI:  

U-Vis spectra are showing the stability of QDs-GA2 at various time intervals of 0, 1, 6, 12, 

24, 48 and 360 hours. The flat black spectra represent RPMI only (control). The figure 

showed that the QDs spectra were very uniform and stable even at 360 hours as against the 

control spectrum. 
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Figure 3.15: Stability of QDs-GA12 in RPMI: 

U-Vis spectra are showing the stability of QDs-GA12 at various time intervals of 0, 1, 6, 12, 

24, 48 and 360 hours. The flat black spectra represent RPMI only (control). The figure 

showed the QDs spectra were very stable with the same absorbance between 0-48 hours but 

with a significant shift at 360 hours. 
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3.9 Conclusion 

In conclusion, this experiment investigated the stability of CdTe quantum dots capped with 

MPA and GA in a buffer and four different media. We observed that most of the quantum 

dots were very stable for 48 hours except in figure 3.3 and figure 3.10 that showed a shift in 

absorbance spectra at this period. Moreover, most of the QDs showed spectra shift at 360 

hours indicating an increase in particles size due to particle aggregation (Elbagory et al., 

2016).  Interestingly, Figure 3.14 at 360 hours showed a flat spectrum as seen in the control; 

this could be indicating a loss in quantum dots particles (Elbagory et al., 2016; DeBarros et 

al., 2016). On the whole, the results of this stability study showed that the GA polymer-

capped particles are very stable and this is in agreement with literature as seen in other 

similar studies (Tejamaya et al., 2012; Pavlin et al., 2012) that nanoparticles capped with 

polymers exhibit uniform steric stability.  
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CHAPTER FOUR 

Cell Binding Studies and Immunocytochemistry Assay 

4.1 Introduction  

Globally, cancer remains one of the leading public health problems (Siegel et al., 2017), it 

causes over 9 million deaths yearly, and about 10 million new cases (WHO Report, 2015).  

When the disease is discovered early and treated, it increases the rate of survival. Presently, 

chemotherapy, surgery and radiation are the primary treatment option for cancer (Arvizo et 

al., 2010). However, they are associated with some side effects. It is therefore imperative that 

modern technologies for treatment and early diagnosis emerge (Arvizo et al., 2010). Several 

disciplines like chemistry, material science and clinical studies are now involved in the fight 

against cancer, especially in the area of diagnosis and imaging which is key to the survival of 

the disease. Many cancer cell lines are used for various analysis invitro, and changes in their 

physiology and morphology can provide information on the effect of the substances they are 

exposed to for example, nanoparticles and this can provide information on the toxicity level 

of these nano-materials (Buzea et al., 2007; Shin et al., 2015). 

Understanding the safety and toxicity of these nanoparticles is very important in their overall 

application (Holsapple et al., 2005).  This provides information on the biological interaction 

between nanoparticles and biological environment of interest for the future therapeutic 

application (Oberdörster, 2010; Wittmaack, 2007). 
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4.2 Types of cancer cell lines  

There are numerous types of cancer cells. A tumour that is formed determines by the type of 

cell or tissue in the body that was originally altered. HeLa cells are human cervical cancer 

cell lines associated with human papillomavirus infections. There are different strains of the 

virus (Crosby et al., 2013). PC-3 are prostate cancer cell lines used in cancer research. 

Prostate cancer is the second most common type of cancer in men (Krumwiede and 

Krumwiede, 2012), most diagnosed (about 95.5%) and second leading cause of death (CDC 

report, 2017; Siege et al., 2012; Tai et al., 2011). The prostate is a small gland found under 

the bladder in males and forms part of the reproductive system, producing seminal fluid that 

is important for semen production. MCF-7 is from breast adenocarcinoma (Liyanage et al., 

2002), also, an epithelial cancer cell line with physical characteristics of differentiated 

mammary epithelium (Polyak and Kalluri, 2010). MCF-7 cells are helpful for invitro studies 

because they retain several essential features of the mammary epithelium (Holliday and 

Speirs, 2011; Neve et al., 2006). Generally, breast cancer is the most common cancer in 

females, accounting for most cancer mortality in women (Ferlay, 2012; IARC, 2014). U87 

cells are glioblastoma cell lines found in the human brain; they are the most common type of 

brain tumour developing from glial cells (NCI, 2017).   

4.3 Immunocytochemistry 

Immunocytochemistry is a very dynamic technique in cancer research to detect proteins, 

peptides and some macromolecules in tissues and cells cultures (Burry, 2011). This method 

has been employed in the discovery of many types of cancer. The use of antibodies has been 

found to be an essential tool that indicates the presence of subcellular location and presence 

of an antigen.  In immunocytochemistry, cell samples are collected and fixed appropriately to 

ensure that their cell morphology is maintained, and the antigenicity of the targeted protein or 

peptide is not compromised. Flow cytometry, is an established platform used for evaluating 
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multi-parameter measurement of cell fluorescence from a single cell particle (Edwards et al., 

2004). The flow cytometer can be sensitive to the minimal concentration of fluorescent 

molecules. Hence, it can detect several molecules. In this study (binding study), it was used 

to determine the binding of the N-terminal, and C-terminal FITC labelled chlorotoxin peptide 

1 and peptide 2 respectively. 

4.4 Materials and Method 

4.4.1 Materials  

WST-1 Cell Proliferation Reagent 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1, 

3-benzene disulfonate (Roche), RPMI-1640 ( Lonza), Dulbecco’s modified Eagle’s medium 

(DMEM), FBS (Fetal bovine serum) (Gibco life technologies), Penicillin and Streptomyc

-in ( Lonza ), Sterile phosphate buffer (Lonza), Trypsin (Lonza), Peptide 1 (FITC attached to 

the N-terminal of  chlorotoxin peptide, CTX-FITC) and Peptide 2 ( FITC attached to the C-

terminal, CTX-FITC) (GL Biochem), 6-well culture plates (Greiner), 12 well culture plates, 

96-well Flat bottom clear microplate (Greiner), coverslips 22 x 22 mm (Lasec), slides 

(Lasec), FluoroShield with DAPI (Sigma), Paraformaldehyde (Sigma), Triton X-100 (Fluka), 

the four cell lines: HeLa, MCF-7, PC-3 and U-87  (ATCC), MMP-2 antibody 

(ThermoFischer ), Leica bond autostainer. 

4.4.2 Cell Culture 

The cytotoxicity of CdTe QDs synthesised from the previous chapter was used on selected 

cancer cell lines, and cell viability was assessed in vitro using 4-[3-(4-iodophenyl)-2-(4 

nitrophenyls)-2H-5-tetrazolio]-1, 3-benzene disulfonate (WST-1) assay. MCF-7, HeLa and 

U-87 cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM), PC-3 on RPMI-

1640 with L- glutamine which was supplemented with 10 % FBS (Fetal bovine serum) and 

1% Penicillin and 50 mg/mL of Streptomycin. The cells were grown at 37°C in a 



 
 

117 
 

humidified atmosphere with 5% CO2 in an SL (Shel Lab) incubator for about 2 to 

3days until ~70 % confluence. After that, the cells were washed gently with 

1×PBS, trypsinised and the density determined using Invitrogen Countess Automat

ed Cell Counter. The cells were seeded at a density of 1 x 105 cells per mL in a 96 well plate, 

100 µL of the cells were plated in each well and cultured for 24 hours at 37 °C. After 24 

hours of incubation, the cells were treated for another 24 hours with different 

concentrations of the QDs capped with MPA and GA (100µg/mL, 50µg/mL, 

25µg/mL, 12.5µg/mL, 6.25µg/mL and 3.125µg/mL) and the positive control cells 

were treated with 6% DMSO. The media was replaced with fresh media 

containing 10µL WST-1 per 100 µL media and incubated for 4 hours at 37°C, and 

the absorbance was measured at 440 nm and 630 nm using BMG Labtech polar star omega 

microplate reader. All media were equilibrated at 37 ºC using a water bath and all the 

experiments were carried out in sterile laminar flow (Labotec bio-flow). The viabilities of the 

cells were expressed as the percentage ratio of mean absorbance of the treated cells against 

the mean absorbance of untreated cells using the formula below; 

Percentage (%) Cell viability =    X 100 

4.5 Cell binding study of FITC labelled Chlorotoxin peptide 1 and 2  

Cell binding study was carried out using chlorotoxin labelled with FITC on the N-terminal 

(peptide 1) and C-terminal (peptide 2). The cells were grown to 70 % confluence in a flask, 

washed gently with PBS and trypsinised gently without scraping cells. Subsequently, the cells 

were counted using automated cell counter (Invitrogen) and seeded in a 6-well plate at a cell 

density of 3 × 105 per mL. The cells were allowed to grow for 24 hours in a six-well plate at 

37°C in a humidified atmosphere with 5% CO2 in an SL (Shel Lab) incubator. 

The cells were washed with 1xPBS and treated with different concentration of FITC-
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peptide 1 and 2 (0.05 mM, 0.0125 mM, 0.006 mM and 0.001mM). After an hour, the plate 

was removed from the incubator and washed again with 1× PBS. A 300 µL of trypsin was 

added to each well to trypsinise the cells and was collected in a 15 mL tube. Approximately, 

3mL of 1×PBS was added to the cells in the tube and centrifuged for 3 minutes using 

Beckman Coulter X12 centrifuge. The supernatant was discarded, and about 300µL of the 

complete media was added to the pellet which was mixed gently and incubated on ice. Cells 

binding analysis was carried out using BD Accuri C6 flow cytometer. 

4.6 Seeding of cells in culture plate cells  

MCF-7, HeLa, PC-3 and U-87 cells were cultured in a T75 flask and allowed to grow to 

about 70% confluence, the cells were washed with 1×PBS, and four mL of 2×trypsin was 

added to each flask to trypsinise the cells.  The cells were counted using countess automated 

cell counter. Sterilised coverslips were placed in a 6-well cell culture plate with a tweezer, 

and the cells seeded onto coverslips at a cell density of 3x105 cells/mL. Also, the cells were 

allowed to grow for 24 hours in six-well plates at 37 °C in a humidified atmosphere with 

5% CO2 in an SL (Shel Lab) incubator. When the cells have grown up to about 

60% confluence, they were treated with 20 µL/mL of quantum dot solution for about 12 

hours in order for the cells to take up the QDs and the FITC labelled peptide one was used for 

treating the cells for an hour with a concentration of  0.0125mM.  

4.7 Fixing and permeabilisation of cells on slides 

After 12 hours of treatment, the cells treated with quantum dots were removed from the 

incubator. Subsequently, the media was removed from the culture plates and cells were 

washed twice with 1x PBS. 4% formaldehyde solution was added to each well to cover the 

cover-slip in the well; to fix the cells on the coverslips for 20 minutes at room temperature. 

After that, the cells were washed with 1×PBS twice, PBS removed and 0.1% Triton X-100 

was added to each well and left for 5 minutes for permeabilisation of the cell membrane to 
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take place, afterwards, the cells were washed twice again with 1×PBS. This process was also 

carried out using FITC-peptide 1. 

4.8 Staining of fixed cells  

FluoroShield DAPI mounting media (Sigma-Aldrich) then dropped on well-labelled 

microscope slides, and a tweezer was used to pick the cover-slips containing the cells. These 

cells were washed two times with 1× PBS and drained properly. After that, the cover-slips 

containing the cells were placed on the mounting media and mounted on the microscope 

slide. This was wrapped with foil paper and allowed to dry in 4ºC before images were 

captured using Zeiss Axiovert 200M fluorescence microscope at 10X magnification, and a 

mercury arc lamp (HBO100) was used to illuminate the slides. 

4.9 Immunocytochemistry Assay  

HeLa, PC-3, MCF-7 and U87 cell lines were cultured and trypsinised as described in section 

4.6. The microscope slides were placed in a sterile 150 mm × 15 mm petri dish, and the cells 

were seeded on the slides and gently placed in an SL (Shel Lab) incubator to allow the cells 

to grow on the slides at 37°C in a humidified atmosphere with 5% CO2. When cells have 

grown to confluence, they were washed three times with 1XPBS for 5 minutes, and 4% 

formaldehyde was added to the petri dish to cover the slides in the dish, this was done to fix 

the cells on the slides for 20 minutes. Afterwards, the slides were washed three times with 

1XPBS and were allowed to dry at 4°C, and viewed under the microscope to confirm if the 

cells were properly fixed. A Leica bond autostainer was used to stain the slide. MMP-2 

antibody from Thermo Fischer was used as the primary antibody; then images were taken 

using Zeiss primo vert light microscope. 
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4.10 Results and Discussion 

4.10.1 WST-1 viability assay images of cells treated with different QDs concentrations 

The cytotoxicity of QDs-MPA, QDs-GA2 and QD-GA12 were evaluated using four cancer 

cell lines; HeLa, PC-3, MCF-7 and U87 and images of the cells then taken when treated with 

QDs after 24hours cells were viewed using a microscope. Although changes were observed in 

the morphology of the cells, viability assay revealed that the cells were still over 70% 

viability. This may imply that the QDs were not toxic to cells although it changed the 

morphology of the cell, but it did not kill the cells. Figure 4.1 showed images of HeLa cells 

treated with different concentration of QDs-GA, QDs-GA2, and QDs-GA12 respectively, in a 

96 well plate, with a 6% DMSO was used as positive control. The images revealed that the 

HeLa cell morphology did not change at low concentrations (<50µg/mL) of the QDs but 

slight changes in the morphology of the cells were observed at 50µg/mL and 100µg/mL.  

 

4.10.2 WST-1 cell viability of HeLa cells treated with different QDs concentrations 

 

 

Figure 4.1: Images of HeLa cells treated with different concentration of QDs-MPA, 

QDs-GA2, and QDs-GA12 respectively, in 96 well plates.  

At 50µg/mL, changes were observed in the morphology of the cells. 
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4.10.3 WST-1 cell viability of PC-3 cells treated with different QDs concentrations 

 

 PC-3 cells treated with different concentration of QDs images are shown in Figure 4.2 

revealing changes in cell morphology with an increase in the concentration of QDs. 

 

Figure 4.2: Images of PC-3 cells treated with different concentration of QDs-MPA, 

QDs-GA2 and QDs-GA12 respectively.  

The changes in morphology of the cells were observed with the increase in the concentration 

of QDs. 

 

  

 4.10.4 WST-1 cell viability of MCF-7 cells treated with different QDs concentrations 

 

Figure 4.3 are images of QDs-MPA, QDs-GA2, and QDs-GA12 treated MCF-7 cells with 

various concentrations of QDs-MPA, QDs-GA2 and QDs-GA12. Morphologically changes in 

the cells were observed with an increase in the concentration of the QDs treatment.   
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Figure 4.3: Images of MCF-7 cells treated at a different concentration of QDs-MPA, 

QDs-GA2, and QDs-GA12 respectively.  

Morphological changes in cells were observed with the increase in the concentration of 

quantum dots. 

4.10.5 WST-1 cell viability of U87 cells treated with different QDs concentrations 

 

Figure 4.4 showed images of U-87 cells treated at a different concentration of QDs-GA, QDs-

GA2, and QDs-GA12. Morphological changes were observed with increase in the 

concentration of QDs treatment and 6% DMSO was used as positive control. 

 

Figure 4.4: Images of U-87 cells treated at a different concentration of QDs-GA, QDs-

GA2, and QDs-GA12 respectively.  

The changes in morphology of the cells were observed with the increase in the concentration 

of QDs 
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 4.11 Cell binding studies using CTX-FITC (Peptide-1) and CTX-FITC (Peptide-2) 

Several studies have shown the binding of CTX to MMP-2 protein (Dardevet et al., 2015; 

Deshane et al., 2003; Othman et al., 2017; El-Ghlban et al., 2014). MMP-2 is a 

metalloproteinase whose activity is increased in tumour formation (Ali et al., 2016; El-

Ghlban et al., 2014). However, chlorotoxin, venom from a scorpion is known to inhibit 

MMP-2 activity by binding to the proteinases (Fu et al., 2012; Huang et al., 2011; Ojeda et 

al., 2016; El-Ghlban et al., 2 014). In this study, FITC was attached to the N-terminal and C-

terminal of chlorotoxin, and these were labelled as peptide-1 and peptide-2 respectively. 

Various concentration of these peptides (CTX-FITC-1 and CTX-FITC-2) were used to treat 

the cell lines known to express MMP-2 for one hour (HeLa, MCF-7, PC-3, U87 and CHO 

cell lines) (Hagemann et al., 2012; Nuttall et al., 2003).  The degree of binding was evaluated 

by measuring fluorescence intensity in percentage. This experiment was carried out in 

triplicate, and the average percentage binding was taken for each plot. 

Figures 4.5a to 4.11 shows CTX-FITC peptide 1 and 2 binding studies with different cell 

lines. The cell binding studies using CTX-FITC-1 and 2 for HeLa cells is shown in Figure 

4.5a and 4.5b using the following concentrations, the black (untreated cell), pink (0.001mM), 

green (0.006mM), red (0.0125mM) and blue (0.05mM). Histogram plot of  HeLa cells treated 

with CTX-FITC-1 at various concentrations showed cells spectra movement shift to the right 

(+CTX-FITC) this is an indication of cells that bind to CTX-FITC-1 and this shift increases 

with concentration while moving to the left shows no binding (-CTX-FITC) as seen in the 

control cells (black colour in the plot). 
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4.11.1 Binding studies for HeLa cells using CTX-FITC (Peptide-1) and CTX-FITC 

(Peptide-2) 

 
Figure 4.5a: Histogram of HeLa cells treated with FITC peptide1 at various concentrati

ons.  

The black, pink, green, red and blue colour represent; untreated cell, 0.001mM, 0.006mM, 0.

0125mM, and 0.05mM of Peptide1 concentration used for HeLa cells respectively. The shift 

of the cells to the right (+CTX-FITC) is an indication that cells bind to CTX-FITC peptide 1, 

and the shift increases with increase in concentration. The movement to the left shows no 

binding (-CTX-FITC) as seen in the untreated cells (black colour). 

 

             
Figure 4.5b: Histogram of HeLa cells treated with various concentrations of FITC 

peptide-2.  

Black, pink, green, blue, red and brown colour spectra represent; untreated HeLa cells, 

0.001mM, 0.006mM, 0.0125mM, 0.025mM and 0.05mM of peptide 2 concentrations 

respectively. Cells fluorescence movement to the right (+CTX-FITC) is an indication that the 

cells bind to CTX-FITC Peptide 2 and this shift increases with concentration while a 

movement to the left shows no binding (-CTX-FITC) as seen in the control (black colour). 
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4.11.2 Binding studies for PC-3 cells using CTX-FITC (Peptide-1) and CTX-FITC 

(Peptide-2).                     

                                                                                                                                                                                                                           

 
Figure 4.6a: Histogram of PC-3 cells treated with FITC peptide1 at different concentrat

ions.  

The black, red, green, blue and brown colour represent; untreated cell PC-3, 0.001mM, 

0.006mM, 0.0125mM, and 0.05mM concentrations of Peptide 1 used for PC-3 treatment 

respectively. Cells movement to the right (+CTX-FITC) is an indication of cells that bind to 

CTX-FITC Peptide1 and this shift increases with concentration while a movement to the left 

shows no binding (-CTX-FITC) as seen in the untreated cell (black colour). 

 

 

Figure 4.6b: Histogram of PC-3 cells treated with FITC peptide-2 at varying 

concentrations.  

The black, red, green, blue and brown represent; untreated cell PC-3, 0.001mM, 0.006mM, 

0.0125mM, and 0.05mM concentrations of Peptide 2 used for PC-3 treatment respectively.  

Cells fluorescence movement to the right (+CTX-FITC) is an indication that the cells bind to 

CTX-FITC Peptide 2 and this shift increases with concentration while a movement to the left 

showed no binding (-CTX-FITC) as observed in untreated cells (black colour) 
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4.11.3 Binding studies for MCF-7 cells using CTX-FITC (Peptide-1) and CTX-FITC 

(Peptide-2).                                                                                                                                                                                                                                                

 
Figure 4.7a: Histogram of MCF-7 cells treated with FITC peptide-1 at various 

concentrations.  

The black, green, blue, red and brown represent; untreated cell MCF-7, 0.001mM, and 0.006, 

0.0125mM and 0.05mM concentrations of Peptide 1 used for MCF-7 treatment respectively. 

Cells movement to the right (+CTX-FITC) is an indication that the cells bind to CTX-FITC 

Peptide 1 and this shift increases with concentration while a movement to the left showed no 

binding (-CTX-FITC) observed in untreated cells (black colour spectra). 

 

 

Figure 4.7b: Histogram of MCF-7 cells treated with FITC peptide-2 at varying 

concentrations.  

The black, red, brown, green and blue represent; untreated cell MCF-7, 0.001mM, 0.006mM, 

0.0125mM and 0.05mM concentrations of Peptide 2 used for MCF-7 

treatment respectively. Cells fluorescence movement to the right (+CTX-FITC)is an 

indication that the cells bind to CTX-FITC Peptide 2 and this shift increases with 

concentration while a movement to the left shows no binding (-CTX-FITC) as in the 

untreated cells (black colour). 
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4.11.4 Binding studies for U87 cells using CTX-FITC (Peptide-1) and CTX-FITC 

(Peptide-2).                                                                                                                                                                                                                                               

 
 

Figure 4.8a: Histogram of U87 cells treated with FITC peptide-1 at various 

concentrations.  

The black, pink, green, red and blue represent; untreated cell U87, 0.001mM, 0.006mM, 

0.0125mM and 0.05mM concentrations of Peptide 1 used for U87 treatment respectively. 

Cells movement to the right (+CTX-FITC) is an indication that the cells bind to CTX-FITC 

Peptide 1 and this shift increases as concentration increases while a movement to the left 

indicates no binding (-CTX-FITC) as seen in untreated black colour spectra. 

 

 

Figure 4.8b: Histogram of U87 cells treated with FITC peptide-2 at varying 

concentrations.   

The black, pink, green, red and blue represent; untreated cell U87, 0.001mM, 0.006mM, 0.01

25Mm and 0.05Mm concentrations of Peptide 2 used for U87 treatment respectively. Cells 

fluorescence movement to the right (+CTX-FITC) is an indication that the cells bind to CTX-

FITC Peptide 2 and this shift increases with concentration while a movement to the left 

shows no binding (-CTX-FITC) as seen in the untreated cells (black colour).  
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4.11.5 Binding studies for CHO cells using CTX-FITC (Peptide-1) and CTX-FITC 

(Peptide-2).                                                                                                                                                                                                                                               

 

Figure 4.9a: Histogram of CHO cells treated with FITC Peptide-1 at various 

concentrations.  
The black, pink, green, red and blue represent; untreated cell CHO, 0.001m M, 0.006mM, 0.0125mM 

and 0.05mM concentrations of Peptide 1 used for CHO treatment respectively Cells movement to the 

right (+CTX-FITC) is an indication that the cells bind to CTX-FITC Peptide 1 and this shift increases 

with concentration while a movement to the left shows no binding (-CTX-FITC) as seen in untreated 

cells (black colour) 

 

 

Figure 4.9b: Histogram of cells treated with FITC peptide-2 at varying concentrations.  

The black, pink, green, red and blue represent; untreated cell CHO, 0.001mM, 0.006mM, 

0.0125mM and 0.05mM concentrations of Peptide 2 used for CHO treatment respectively.  

fluorescence movement to the right (+CTX-FITC) is an indication that the cells bind to CTX-

FITC Peptide 2 and this shift increases with concentration while a movement to the left 

shows no binding (-CTX-FITC) as seen in the control(untreated cells) cells (black colour) 
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4.12 Percentage of cells binding of CTX-FITC Peptide 1 for all cell line 

 

 

Figure 4.10: Plot of percentage binding of peptide 1 to cell lines (HeLa, PC-3, MCF-

7, U87 and CHO cells).  

Plots showed the binding of cells to CTX-FITC peptide 1 is concentration dependent. HeLa 

and U87 cells had the highest binding percentage. 
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4.12.1 Percentage of cells binding of CTX-FITC Peptide 2 for all cell line 

 

 

Figure 4.11: Plot of percentage binding of peptide 2 to cell line (HeLa, PC-3, MCF-7, 

U87 and CHO cells). (HeLa, PC-3, MCF-7, U87 and CHO cells).  

Plots showed the binding of cells to this CTX-FITC peptide 2 is concentration dependent. 

HeLa and U87 cells had the highest binding percentage. 

 

The cell binding studies using CTX-FITC-1 and 2 for HeLa cells is shown in Figure 4.5a and 

4.5b respectively using concentrations (0.001mM, 0.006mM, 0.0125Mm and 0.05mM). 

Histogram fluorescence intensity plots of HeLa cells treated with CTX-FITC showed that 

cells spectra movement to the right (+CTX-FITC) this is an indication that HeLa cells bind to 

CTX-FITC-1 and this shift in spectra increases with concentration while moving to the left 

shows no binding (-CTX-FITC) as seen in the control cells (black colour spectra in both 

plots). It was also observed that HeLa binds more to CTX-FITC-1 (Figure 4.5a) than CTX-

FITC-2 (Figure 4.5b), this corresponds to the percentage binding plots for peptide 1(Figure 

4.10) where HeLa cells have the highest percentage binding. 

Figure 4.6a and Figure 4.6b are histogram spectra plots for PC-3 cell binding studies using 

CTX-FITC-1 and 2 respectively with 0.01mM, 0.006mM, 0.0125mM and 0.05mM 
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concentrations. Cells fluorescence spectra movement to the right (+CTX-FITC) is an 

indication that the cells bind to the peptides with an increase in concentration. PC-3 has the 

lowest binding percentage for both peptide 1 and 2 (Figure 4.10 and Figure 4.11), but the 

binding percentage is higher peptide 1 (CTX-FITC-1). 

Figure 4.7a and Figure 4.7b are histogram fluorescence binding spectra plots for MCF-7 cell 

binding studies using CTX-FITC-1 and 2 corresponding to 0.01mM, 0.006mM, 0.0125mM 

and 0.05mM concentrations. MCF-7 binds more with peptide 1 (CTX-FITC-1) than CTX-

FITC-2 as seen Fig 4.7a and Fig 4.7b respectively. 

Figure 4.8a, 4.8b, 4.9a, and 4.9b represents histogram fluorescence binding spectra plots for 

U87 cells peptide 1 (CTX-FITC-1), (CTX-FITC-2), and CHO cells (CTX-FITC-1), CTX-

FITC-2 respectively. For both peptides binding is concentration dependents as seen in the 

cells fluorescence plot movement to the right which signifies that these cells bind to the 

peptide. Percentage binding is higher in peptide 1 for U87 and CHO cells respectively. U87 

cells bind more to (CTX-FITC-1) as seen in the movement of the spectra to the right (Fig 

4.8a) when compared to peptide 2 (CTX-FITC-2) (Fig 4.8b). This is in agreement with (Fig 

4.11) the percentage binding of all five cell lines to peptide 1 that showed that percentage 

binding is higher in peptide 1. 

Figure 4.10 and 4.11 showed the percentage binding of the five cell lines (HeLa, PC-3, MCF-

7, U87 and CHO) to peptide 1 and 2 respectively. Plots suggest that cells bind more to 

peptide 1 (CTX-FITC-1) than peptide 2 (CTX-FITC-2). The plot (Fig 4.10) revealed that the 

binding of cells to chlorotoxin-FITC peptide 1(CTX-FITC-1) is also concentration 

dependent. HeLa and U87 cells had the highest binding percentage at 0.05mM. Thus, this 

could suggest that these cells have high receptors for FITC peptide 1 (Thovhogi et al., 2015) 

as a result of the presence of MMP-2 protein in the cells.  
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Plots (Fig 4.11) showed that the binding of cells to this CTX-FITC-2 is concentration 

dependent. It is observed that U87 and HeLa cells have the highest percentage binding and 

high fluorescence for peptide 2 (Fig 4.11). This implies that they have high receptors for the 

peptide, this may be due to high expression of MMP-2 by these cells (Abe et al., 1994; 

Hagemann et al., 2012; Nuttall et al., 2003; VanMeter et al., 2001; Yamamoto et al., 1996) 

and hence high receptor available for binding. MCF-7 and by PC-3 binds discreetly (Nuttall 

et al., 2003) and these cells moderately express this MMP-2 hence the available receptor 

binding are also moderately available. Percentage binding of peptide1 and peptide 2 when 

compared showed that cell binds more to peptide1 than peptide 2 and this could be as a result 

that suggests that MMP-2 expressed in the cancerous cells probably binds to the N-terminal 

of chlorotoxin peptide because the N-terminal of chlorotoxin peptide 1 is free and available 

for binding. Cells without peptide were used as a control, and their spectra showed movement 

to the left. This is an indication of lack of peptide treatments hence no fluorescence. Hence, 

results obtained from this study correlates with that of Ali and co-workers 2016, where they 

documented that chlorotoxin conjugates can be developed for targeting and imaging. 

 

 

 

 

 

 

 

4.13 Cell Microscopy Studies 
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Figure 4.12: Microscopy study of the binding of the QDs to HeLa cells.  

(A) HeLa cell and DAPI, (B) HeLa cells with DAPI and quantum dots, (C) HeLa, DAPI, 

peptide and quantum dots, (D) Hela cells and quantum dots only. This result indicates that 

DAPI is taken up by the nucleus (blue colour), QDs and peptide (green) and Quantum dots 

only is green and red fluorescence emission. 

 

.   
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Figure 4.13:  Microscopy study of the binding of the QDs to PC-3 cells.   

(A) PC-3 cell and DAPI, (B) PC-3cells with DAPI and quantum dots (C) PC-3, DAPI, and 

peptide. This results showed DAPI is taken up by nucleus (blue colour), QDs and peptide 

(green) and Quantum dots only is green fluorescence emission. 
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Figure 4.14: Microscopy study of the binding of the QDs to MCF-7 cells.  

(A) MCF-7 cell and DAPI, (B) MCF-7 cells, DAPI and quantum dots (C) MCF-7, DAPI, and 

peptide. (D) Quantum Dots only. This results showed DAPI is taken up by nucleus (blue 

colour), QDs and peptide (green) and Quantum dots only is green fluorescence emission. 
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Figure 4.15: Microscopy study of the binding of the QDs to U8-7 cells.  

(A) U87 cell and DAPI, (B) U87 cells, DAPI and quantum dots (C) U87, DAPI, and peptide. 

This results showed DAPI is taken up by nucleus (blue colour), QDs and peptide (green) and 

Quantum dots only is green fluorescence emission. 

 

Microscopy study of the binding of the QDs to HeLa cells is seen in Figure 4.12. Cells were 

incubated with QDs and peptide, followed by counterstaining with DAPI and were examined 

under the microscope at 40× magnification. Cells were fixed and treated with peptide and 

quantum dots to ascertain if peptide and quantum were taken and internalise in the nucleus of 

the cells. HeLa (A) images showed cells treated with DAPI (4', 6-diamidino-2-phenylindole) 

only with a characteristic blue colour that shows nuclei localisation; this implies that they 

bind to the DNA to emit blue colour. Hence, it was observed that DAPI was internalised in 

the cell’s nucleus while HeLa B is images of cells treated with quantum dots only showing 

red and green emission fluorescence of the QDs. Cells with peptide, DAPI and QDs are 
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shown in HeLa C images. The micrographs revealed cellular uptake of the QD (red and 

green), peptide (green) and localisation of the nucleus (blue) in both cell lines.  

 

Figures 4.13 and 4.14 shows microscopy study of the binding of the QDs to PC-3 and MCF-7 

cells. These cells were incubated with QDs and peptide and counterstained with DAPI. Image 

(A) for both cell lines showed the nuclei localisation (blue) in the two cell lines. QDs and 

peptide (green), DAPI (blue) and Quantum dots only. This image shows efficient cell uptake 

of peptide and QDs.  

 

Microscopic study of the binding of the QDs to U8-7 cells is shown in Figure 4.15. Cells 

were incubated with QDs and peptide and counterstained with DAPI as aforementioned; (A) 

U87 cell and DAPI, (B) U87 cells, DAPI and quantum dots (C) U87, DAPI, and peptide. 

These results showed that DAPI is taken up by the nucleus (blue colour), QDs and peptide 

(green) and Quantum dots only displays green fluorescence emission. Hela cells micrograph 

showed the highest cell uptake of QDs, peptide and nuclei localisation. 

  

4.14 Immunocytochemistry Assay 

Immunocytochemistry is an assay used to visualise the localisation of a protein in the cells 

using a specific type of antibody that can bind the protein of interest. It shows if a protein is 

expressed in the cells but revealed in the intracellular location (Hesam, 2012). 

The immunocytochemistry assay was used as described by Hesam (2012) to visualise the 

localisation of the protein (MMP-2) in the cells using a specific antibody that can bind the 

protein of interest (MMP-2 primary antibody) as seen in Figures 4.16 to 4.19. The MMP-2 

antibody was used for the analysis to ascertain if these cells express MMP-2 proteins. The 

presence of bluish-brown stain observed using the light microscope is indicative that the cells 
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were positive to MMP -2 proteins when stained with the antibody. However, this technique 

has some limitation especially when visualise using fluorescence microscope because some 

molecules fluorescence by themselves and can bind specifically to other molecules present in 

the cells. Hence this technique is a preliminary method to detect the presence of these 

proteinases; other more specific technique can be employed (Hesam, 2012). 

Figure 4.16 represents immunocytochemistry images of HeLa Cells. Immunocytochemistry 

assay images using MMP-2 primary antibodies for HeLa cells at X40 and X100 

magnifications, the bluish-brown colour is an indication of the presence of MMP-2 protein. 

The intensity of the brownish stain seen in the cell images varies, and it was observed HeLa 

cells had high intensity; this agrees with the work of Nutall et al., 2003 which demonstrated 

that HeLa cells are very high in MMP-2 protein.  

 Immunocytochemistry images of PC-3, MCf-7 and U87 cells is shown in Figure 4.17, Figure 

4.18 and Figure 4.19 respectively. These assays were carried out using MMP-2 primary 

antibodies for these cells. The blue-brown colouration is a positive test for the presence of 

MMP-2 protein. From the images, the intensity of the stain is high in U87 cells probably 

because of the presence of high concentration of MMP-2 which is by the literature (Nutall et 

al., 2003, Hagemann et al., 2010). MMP-2 is highly expressed in U87 (glioma) cells and 

moderately expressed in PC-3 and MCF-7 as shown in Figure 4.17 and 4.18. 
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Figure 4.16: Immunocytochemistry images of HeLa Cells.  

HeLa cells are showing the presence of MMP-2 using a primary antibody (A) at x40 

magnification (B) at x100 magnifications. The presence of bluish-brown colour is an 

indication of the presence of MMP-2 protein. 

 

 

 
 

Figure 4.17: Immunocytochemistry images of PC-3 Cells.  

Immunocytochemistry assay images using MMP-2 primary antibodies for PC-3 cells at x40 

and x100 magnifications. The presence of bluish-brown colour is an indication of the 

presence of MMP-2 protein. 



 
 

140 
 

 

Figure 4.18: Immunocytochemistry images of MCF-7 Cells.  

Immunocytochemistry assay images using MMP-2 primary antibodies for MCF-7 cells (A) at 

x40 (B) at x100 magnifications. The presence of bluish-brown colour is an indication of the 

presence of MMP-2 protein. 

 

Figure 4.19: Immunocytochemistry images of U87 Cell.  

Immunocytochemistry assay images using MMP-2 primary antibodies for U87 cells at x40 

and x100 magnifications. The presence of bluish-brown colour is an indication of the 

presence of MMP-2 protein. 
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In conclusion, the QDs synthesised in this study can be applicable for biological purposes 

because they have low cytotoxicity and high fluorescence intensity. Also, it was established 

that the cancer cell lines could bind chlorotoxin from the binding studies, in a concentration 

depended manner and these cells have receptors for CTX protein.  
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CHAPTER FIVE 

 

Recombinant Expression and Purification of Chlorotoxin (CTX) 

5.1  Introduction 

Protein expression can be defined as the synthesis, modification and regulation of protein in 

living organisms using a cellular system (Meagher et al., 1977). Current developments in 

genomics and proteomics have simplified the use of recombinant DNA technology to assess 

most protein of concern, without previous knowledge of the protein's location or function in 

the cells (Young et al., 2012; Koehn and Hunt, 2009). In the past few years some 

technologies have been established for the manufacture of recombinant proteins for 

therapeutic studies. These include the use of rapid cloning systems, miniaturization of cell 

growth conditions, and a variety of innovative automation systems for expression and 

purification of recombinant protein. Recombinant expression of proteins can easily be 

achieved through the use of a strong promoter system and there several of them available 

they include; T7, lambda Pl, and araB. Perhaps the most popular is the T7-based pET 

expression plasmids (Makrides, 1996; Hannig and Makrides, 1998) 

The method of recombinant protein expression involves transfecting cells with DNA and 

culturing them to generate the desired protein. There are different microorganisms used for 

the producing recombinant protein, the most common being Escherichia coli. (E. coli); 

due to its low cost, easily scalable, short turnaround time, it is highly expressed and 

production of hetergenous protein (Rosano and Ceccarelli, 2014; Koehn and Hunt, 2009; 

Hannig, and Makrides, 1998; Baneyx, 2009; Hunt 2005) 

. 
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Recombinant expression facilitate the production of proteins in large quantities for the 

biochemical and industrial application (Rosano and Ceccarelli, 2014; Kigawa  and 

Yokoyama, 2002). 

 Here, Recombinantly expressed and purify CTX was to be used to probe its interaction 

between the commercial form of the peptide using simple experiment like blocking study and 

cell migration assay.  

5.2 Materials and Method  

5.2.1 Materials 

Ammonium persulphate, Bacteriological agar (Merck), Tryptone (Merck), NaCl (Merck), 

Tryptone powder (Merck), Yeast (Merck), EDTA, Coomassie® Brilliant Blue, Ampicillin 

(Sigma), Tris-Cl (Merck), lysozyme (Sigma), Complete TM, EDTA-free protease inhibitor 

cocktail tablet (Roche), TEMED, acrylamide–Bis ready to use solution 40 % (Promega). 

5.2.3 Transformation and Expression screening of Chlorotoxin (CTX) 

Transformation reaction of Chlorotoxin was carried out using competent E. coli BL21 cells. 

Firstly, the cells were thawed on ice, then 100 μL of the competent BL21 cells were placed in 

a tube with 2μL of the vector plasmid DNA. This was gently mixed by tapping, the tube and 

incubated on ice for 30 minutes, transformation mixture was heat shocked at 42°C for one 

minute and incubated immediately on the ice again for 5 minutes. Heat shocked transformatio

n mix was added to 900μL pre-warmed Luria Broth (LB) in a sterile tube with no antibiotics 

added. The mixture was incubated at 37 °C for one and a half hours in a shaker.  LB Agar 

plate with ampicillin (Amp positive) and some without ampicillin (Amp negative) was 

prepared to evaluate if the transformation has taken place. Four plates were labelled as 

follows: One LB agar plate only (Amp-) and three LB agar + Ampicillin with 100 μg/mL 

concentration of ampicillin (Amp+). 50μL of the transformation mixture was plated onto the 
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LB agar plate (Amp-) and LB + Ampicillin (Amp+) plates respectively. Also, the rest of the 

transformation mixture was centrifuged for about three minutes and centrifuged at about 

14500. 50 μL of the pellet was also plated on an LB agar Amp+ plate, and finally, 50 μL of 

the BL21 competent cells were plated on LB agar Amp+ plate, serve as a control, to confirm 

that the BL21 competent cells did not have plasmid DNA before the transformation reaction 

was carried out. These plates were wrapped in foil paper and incubated overnight at 37 °C 

using a 211DS Shaking Incubator (Labnet).   

After overnight incubation, a single colony was picked from the LB + Ampicillin plates and 

was inoculated into 10mL pre-warmed LB containing 100 μg/mL Ampicillin. The tube was 

incubated overnight at 37 °C shaking incubator and glycerol stocks of the colony were 

prepared from the overnight culture and were stored at -80 °C. From the overnight culture, 

1mL was taken and was added to 9mL LB containing Ampicillin of 100μg/mL concentration 

and the culture mixture was further incubated for an additional 1 hour 30 minutes at 37 °C, in 

a shaker. After the incubation, 2mL was taken from the cell culture solution mixture, and this 

was labelled un-induced sample. The un-induced culture was centrifuged at 14500 RPM for 5 

minutes using a 5417R Benchtop Microcentrifuge from Eppendorf. The pellets were 

subsequently stored at -80 °C for Sodium dodecyl sulphate polyacrylamide gel, 

electrophoresis (SDS-PAGE) analysis.  

5.2.4 Large Scale Expression of Chlorotoxin 

A 1mL of glycerol stock of the sample culture was added into 100 mL LB supplemented with 

100 μg/mL ampicillin, and the mixture was incubated overnight at 37 °C with shaking. The 

overnight culture was added to 900 mL LB with 100 μg/mL ampicillin concentration in a 2 

Litre Erlenmeyer flask to ensure adequate aeration. The sample was incubated at 37 °C until 

an optical density (OD) of 0.8 to 1.0 was attained. As soon as this OD range was reached, 



 
 

151 
 

10mL of the sample was removed which represented the un-induced sample, spilt into 2mL 

Eppendorf tubes and centrifuged at 14500 rpm for 5 minutes with a bench centrifuge 5417R 

Benchtop Microcentrifuge from Eppendorf and pellets were stored at -80 °C for SDS-PAGE. 

The 990 mL of the remaining cell culture was induced with 1mM IPTG for induction of 

protein expression and was incubated for three hours at 37 °C with shaking. The induced 

culture was then centrifuged in 50 mL tubes using a Heraeus Megafuge 1.0R centrifuge at 

4300xg RCF for 20 minutes. Two 50 mL tubes of the pellet was re-suspended in 10 mL 

Sodium Chloride-Tris-EDTA (STE)/lysozyme (lysis buffer), 5mM of imidazole was added to 

the pellet, and the sample mixtures were put together in a one 50 mL tube, one tablet of 1X 

CompleteTM, EDTA-free protease inhibitor cocktail tablet (Roche) was added, appropriately 

mixed with vortex and this was incubated on ice for 30 minutes. The culture sample was 

sonicated on ice for three cycles (one-minute sonication and two minutes rest on ice). This 

procedure then repeated until the lysate was clear and it was centrifuged at 4300xg RCF for 

20 minutes at 4 °C, the pellet and supernatant (this was labelled total lysate) was stored at -80 

°C for protein purification. 

5.3 Purification of Recombinant HIS-CTX-GST Protein 

5.3.1 Preparation of Column 

This was carried out following the manufacturer’s instructions to effectively isolate the 

protein. Briefly, a column of a 4mL slurry of Nickel-NTA agarose gel (about 2mL bed 

volume) was taken and pipetted into 15mL tubes and centrifuged briefly for 5 minutes at 

4000xg, and the supernatant was discarded. Then about 8mL of lysis buffer was then added 

in a ratio 2:1 (Ni-NTA-Lysis buffer) this was repeated twice, and the supernatant discarded 

each time. 
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5.3.2 Purification of HIS-CTX-GST Protein 

Subsequently following the preparation of the column, the protein lysate (12 mL) was added 

to the equilibrated beads in the column (4 mL) and mixed on the Tube roller (Stuart SRT9dD) 

at 4 °C for 60 minutes. The mixture was allowed to settle in the tube the sample was collected 

as flow through 1. This step was repeated twice and labelled flows through 2 and flow 

through 3 for SDS-PAGE analysis. The HIS-CTX-GST protein was eluted by adding 3mL of 

elution buffer. The elution buffer and HIS-CTX-GST suspension were mixed at 4 °C for 10 

minutes on the Tube roller (Stuart SRT9dD) to detach the HIS-CTX-GST protein from the 

beads, and this was collected as Elution 1. This step was repeated twice to generate Elution 2 

and Elution 3, and the solutions were also collected and stored on ice for SDS page analysis. 

The beads were then washed with MES buffers to remove any excess protein within the 

column, then with distilled water and finally with 20 % ethanol using X10 column volume 

and finally, stored in 20 % ethanol at 4 °C. 

5.3.3 Analysis of Extracted HIS-CTX-GST Protein 

The protein samples collected during purification were analysed by a 12 % SDS-PAGE. 

SDS-PAGE solutions were prepared and cast using a Mini-PROTEAN Tetra Cell, TEMED 

was added right before the gel was cast as shown in the table below. For the expression 

screening samples, ten μL of protein sample was mixed with 10mL of 2X SDS sample buffer, 

and heated at 95 °C for 5 minutes and vortexed for 2 minutes. They were centrifuged to 

sediment the debris, and 10μL of the sample then loaded on the SDS-PAGE gel. The purified 

samples were loaded as follows; 10μLof the unstained protein, marker was loaded first, 

followed by 10μL of the sample and 10 μL of 2X SDS sample buffer mixed with 10μL of the 

sample also loaded onto the gel. The gel was run for 70 minutes at 150 Volts. Moreover, then 

stained with Coomassie Brilliant Blue R-250 stain for 15 minutes and destained overnight, it 
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was put on a Stovall Belly dancer shaker, and Canon Cano Scan LiDE 120 electronic scanner 

was used to scan the gels. 

Table 4.1: The preparation of 12 % SDS-PAGE. 

Reagents 12 % separation buffer 5 % stacking buffer 

dH2O 4.3 mL 3.65 Ml 

1.5 M Tris-Cl pH 8.8 2.5 mL - 

 0.5 M Tris-Cl pH 6.8 - 630.0 Ml 

10  % SDS 100.0 μL 50.0 Ml 

Acry/Bis (30 %) 3.0 mL 400.0 Ml 

10 % APS 200.0 μL 50.0 Ml 

TEMED 20.0 μL 20.0 Ml 

 

5.3.4 The Cleavage of HIS-GST-CTX with 3C Protease. 

All the elution collected were put together, and a 5mL aliquot taken, and 500 μL of HRV 3C 

protease was added, this was allowed to cleave overnight at 4oC on a Tube roller.  The 

following morning, the protein solution was passed over the Ni-NTA beads to remove the tag 

which binds to the beads, and the pure proteins were collected in the flow through and freeze-

dried overnight at -51 oC to concentrate the peptide and after that it was dialysed at 4 oC 

overnight with continuous stirring with 0.5X PBS. The sample was poured out of the dialysis 

tubing into a 15 mL tube and analysed with SDS-PAGE.  

5.3.5 Quantification of Chlorotoxin Protein 

The Qubit Fluorometer was used to quantify the protein, and Nanodrop 2000 (Thermo 

scientific) spectrophotometer was also used. Briefly, three standard qubits working solution 

was prepared in a ratio of 1:200 in a Qubit™ protein with a qubit reagent in qubit buffer in 

small tubes wrapped with foil because the reaction is sensitive to light. 
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Standard 1: 10 µL of standard sample 1 and 190 µL of working solution 

Standard 2: 10 µL of standard sample 2 and 190 µL of working solution 

Standard 3: 10 µL of standard sample 3 and 190 µL of working solution 

Protein sample: 10 µL of protein and 190 µL of working solution 

It was vortexed for about 2-3 seconds and incubated in the dark for 15 minutes before 

reading. Standard assay samples were read first before protein samples were read. The 

protein solution then kept for further use. 

5.4 Analysis of Sequences 

Glycerol stocks previously prepared from overnight cultures were taken out from -80 oC 

freezer with the use of a sterile loop it was streaked onto Nutrient agar plates in a sterile hood 

and left to grow overnight at 37 °C. Parafilm was used to seal the plates, and it was sent to 

Inqaba Biotechnologies for sequencing. Primary sequencing method was used. The 

sequencing was done using two colonies picked from two different plates with specific 

primers in both forward and reverse directions. All sequences were run on the ABI 3500XL 

Genetic Analyzer, POP7™ (ThermoScientific). Bio Edit© Sequence Alignment editor was 

used to do multiple sequence alignments as well as generate a consensus sequence. The 

GenBlast (Genbank) algorithm was used to align the sequence with the oligonucleotide 

sequences. 
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5.5   Results  

5.5.1 SDS GEL of CTX Expression Screening 

 

 

 

Figure 5.1a: Expression screening results of Chlorotoxin (CTX).  

From the SDS-PAGE gel; Lane M is a molecular weight for protein marker in kDa, Lanes 

1and 3 is the un-induced bacterial culture without 1mM IPTG while lanes 2 and 4, is the total 

bacterial cell culture overnight with added 1mM of IPTG. 
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5.5.2 SDS GEL of CTX Purification  

 

 

Figure 5.1b: SDS-PAGE analysis of Purification of Chlorotoxin protein. 

 M is protein molecular weight marker in kDa. TP is total protein lysate before purification, 

F1 to F4 flows through from nickel beads affinity column, E1, E2, E3: are the elution 1, 

elution 2, and elution 3 and P is the pellet. The protein band at 30 kDa on the SDS gel 

correlates with the expected size of CTX protein. 

 

 

 

 

 

 

 

 

 

 

 

 

5.5.3 SDS Gel is showing the CTX Digestion.   
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Figure 5.1c: SDS Gel showing the Digestion of CTX.  

M is protein molecular weight marker in kDa. TP is total protein lysate before purification; 

PP is Protein with 3C Protease after the overnight cleavage, F1 to F3 is flow through from 

nickel beads affinity column, E1, E2 are the elutions. The protein band on the SDS gel 

correlates with the size of the CTX protein expected after the cleavage which is 4kDa. 

 

5.6 Sequence of Chlorotoxin 

 

AGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCARATCGTCAGTCAG

TCACGATGCGGCCGCTCGAGTCAATGATGATGATGATGATGACGACACAGGCAC

TGCGGGCCATAACATTTACCGCGGCCTTTACCGCCACAGCAATCATCGCATTTAC

GCGCCATCTGATGATCCGTGGTAAAACACGGCATGCACATGGATCCCAGGGGCC

CCTGGAACAGAACTTCCAGATCCGATTTTGGAGGATGGTCGCCACCACCAAACG

TGGCTTGCCA 

 

 

Figure 5.2a: Amino acid sequence of Chlorotoxin 

 



 
 

158 
 

agtcagaggttttcaccgtcatcaccgaaacgcgcgaggcaratcgtcagtcagtcacga 

 S  Q  R  F  S  P  S  S  P  K  R  A  R  X  I  V  S  Q  S  R  

tgcggccgctcgagtcaatgatgatgatgatgatgacgacacaggcactgcgggccataa 

 C  G  R  S  S  Q  -  -  -  -  -  -  R  H  R  H  C  G  P  -  

catttaccgcggcctttaccgccacagcaatcatcgcatttacgcgccatctgatgatcc 

 H  L  P  R  P  L  P  P  Q  Q  S  S  H  L  R  A  I  -  -  S  

gtggtaaaacacggcatgcacatggatcccaggggcccctggaacagaacttccagatcc 

 V  V  K  H  G  M  H  M  D  P  R  G  P  W  N  R  T  S  R  S  

gattttggaggatggtcgccaccaccaaacgtggcttgcca 

 D  F  G  G  W  S  P  P  P  N  V  A  C       

Figure 5.2b: Nucleotide sequence of CTX protein retrieved from ExPASy translate tool. 

 

 

5.7 Discussion on the purification and recombinant expression of chlorotoxin 

Chlorotoxin peptide used in this study is approximately a 4kDa peptide, tagged with GST of 

molecular weight 26 kDa. Expression screening and purification showed that the protein 

(HIS-CTX-GST) was expressed at the right molecular weight (30kDa) as represented in (Fig 

5.1a and 5.1b respectively), Qubit Fluorometer showed that the concentration of the protein 

was 2.75mM. Subsequently, the protein was cleaved with 3C protease, however, after several 

attempts of using lower concentrations of protease, the concentration of the 3C protease was 

increased to ratio 1:10 (500 µL was added to 5 mL). After that, the 3C protease and protein 

were mixed overnight in a roller mixer and was eventually cleaved. The right size of the CTX 

protein (4 kDa) was obtained as shown in Figure 5.1c. Two bands showing the HIS-GST tag 

and CTX protein were seen on the SDS-PAGE when the overnight cleaved protein was 

analysed before purification. Furthermore, glycerol stock of the starter culture was streaked 

on agar plates with ampicillin and allowed to grow overnight in an incubator at 37oC. These 

plates were used for sequencing using universal primers, The sequence results were analysed 

using Bio Edit, and the amino acid and nucleotide sequences were then determined using 
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ExPASy blast form (https://web.expasy.org/translate/). The result gave a 100% similarity for 

an amino acid sequence of chlorotoxin (Figure 5.2a and figure 5.2b) 

5.8 Blocking Studies 

Blocking studies were carried out using FITC-CTX labelled peptide 1 and purified CTX 

peptide, to determine FITC-CTX binding was specific and competitive. 

5.8.1 Material and Method 

Six-well culture plate, purified CTX, FITC peptide, 1X PBS, Trypsin, complete DMEM 

media, complete RPMI media, and tips (yellow tips and blue tips). 

5.8.2 Method     

A modification of Thovhogi et al., 2015 protocol was used for this experiment. Briefly, cells 

were seeded in a 6well plate for 24hrs at a cell density of 3×105. They have grown for about 2 

to 4 days depending on each cells line and about 60-70% confluence, they were washed with 

1X PBS. Different concentration of purified peptide (0.125 mM and 0.5 mM) was used as the 

blocking peptide, and FITC-CTX (0.0125 Mm) was prepared. They were added at the same 

time to each well in 6 well tissue culture plate and incubated for one hour at 37 ºC. After 

incubation, cells first washed with 1X PBS, trypsinised and centrifuged at 3000 rpm for 3 

minutes, and the pellets were suspended in 300 µL media in the tube and placed on ice, and 

the cells were analysed using (BD accuri) flow cytometer. A minimum of 103 cells was 

analysed and this done for all four cells lines. The experiment was carried out in triplicates, 

and the average of the experiments was taken. 

 

https://web.expasy.org/translate/
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5.9  Results 

5.9.1 Histogram of cell blocking studies using labelled chlorotoxin and purified 

chlorotoxin 

 

Figure 5.3: Histogram of cell blocking studies.  

Here we use FL1-A filter of the flow cytometer showing the blocked, and unblocked cells 

spectra using FITC labelled chlorotoxin and unlabelled CTX. 
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5.9.2 HeLa Cells Block Study Analysis using CTX Peptides 1 

 
Figure 5.4: Histogram showing is blocking experiment of HeLa cells using Chlorotoxin 

peptide.  

Black, green, aqua, blue, and red colour represent untreated cells, 0.0125mM, 0.125mM, 

0.5mM of blocking peptide (unlabelled CTX) and 0.0125mM labelled peptide1(FITC-CTX) 

respectively. The spectra showed blocking of receptors at high concentration of unlabelled 

peptide with gradual movement to the left. 

 

5.9.3 PC-3  Cells Block Study Analysis using CTX Peptides 1 

 

 
Figure 5.5: Histogram showing is blocking experiment of PC-3 cells using chlorotoxin 

peptide.  

Black, green, aqua, blue, and red colour represent untreated cells, 0.0125mM, 0.125mM, 

0.5mM of blocking Peptide (unlabelled CTX) and 0.0125mM Labelled Peptide1(FITC-CTX). 
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The spectra showed that the spectra were all at the same point hence cells were not blocked, 

but the binding of the peptide to cells was competitive.  

5.9.4 U87 Cells Block Study Analysis using CTX Peptides 1 

 

 
Figure 5.6: Histogram showing is blocking experiment of U87 cells using chlorotoxin 

peptide.  

Black, green, aqua, blue, and red colour represent untreated cells, 0.0125mM, 0.125mM, 

0.5Mm of blocking Peptide (unlabelled CTX) and 0.0125mM labelled peptide1(FITC-CTX). 

The spectra showed blocking of cells receptors as the concentration of unlabelled peptide 

increases with gradual movement to the left 

 

 

5.9.5 MCF - 7 Cells Block Study Analysis using CTX Peptides 1 

 
Figure 5.7: Histogram showing is blocking experiment of MCF-7 cells using chlorotoxin 

peptide.  
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Black, green, aqua, blue, and red colour represent untreated cells, 0.0125mM, 0.125mM, 

0.5Mm of blocking Peptide (unlabelled CTX) and 0.0125mM labelled peptide1(FITC-CTX). 

The spectra showed a slight spectra movement to the left, but the binding of the peptide to 

cells was competitive with small as concentration increases.  

 

5.9.6 HeLa, PC-3, U87 and MCF-7 Blocked Cells Percentages 

 

  

 
 

Figure 5.8: Chart showing percentage blocked cells of HeLa, PC-3, U87 and MCF-7. 

This shows that the blocking of cells is dependent on receptors available for binding and 

concentration.  

 

5.10 Discussion on Blocking Studies 

Chlorotoxin CTX is a promising tumour ligand for in-vivo and in-vitro fluorescence imaging 

study (Kittle et al., 2014). Hence, in this work, blocking studies were carried out to determine 

if the binding of the peptide to protein receptors in the cell lines were specific or 

concentration dependent. Cells were incubated with different concentrations of unlabeled 

peptide (CTX) which was used as the blocking peptide. The cells were incubated with three 

different concentration (0.0125mM, 0.125mM, 0.5mM) of chlorotoxin peptide purified 

(unlabelled CTX) with a fixed concentration of FITC-CTX labelled peptide (0.0125 mM). 
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Figure 5.3 represents one of the histogram plots of cell blocking studies showing all the filters 

in the flow cytometry. Here, we used FL1-A filter of the flow cytometer showing the 

blocked, and unblocked cells spectra using FITC labelled chlorotoxin and unlabelled CTX. 

Figure 5.4 shows the blocking studies using HeLa cells with the following concentration 

0.0125mM, 0.125mM, 0.5mM of blocking peptide (unlabelled CTX) and 0.0125mM labelled 

Peptide1(FITC-CTX). In the study, it was observed that in the presence of purified unlabelled 

peptide the binding of labelled peptide FITC-CTX decreases, hence, the spectra shifted to the 

left and it is concentration dependent ( Thovhogi et al .,2015) 

 Blocking studies of PC-3 cells using Chlorotoxin labelled and the unlabelled peptide is 

shown in figure 5.5. The cell movement is seen to slightly shift to the left towards the 

untreated cell only (black spectra) when compared to the spectra for peptide only (red). This 

implies that the binding is concentration and receptor-dependent. Additionally, U87 cells 

blocking studies were carried out. Several concentrations [0.0125mM, 0.125mM, 0.5Mm of 

blocking Peptide (unlabelled CTX) and 0.0125mM labelled peptide (FITC-CTX)] were used. 

Results displayed in figure 5.6 showed that there was a clear shift of the spectra to the left as 

the concentration of the unlabelled peptide increases indicating a reduction in the receptors 

available for binding.  

Histogram of cell blocking studies using CTX-FITC peptide on mcf-7 is shown in figure 5.7. 

It was observed that as purified unlabelled peptide concentration increases the binding of 

labelled peptide (FITC-CTX) decreases. Hence, the spectra shifted to the left when compared 

to the spectra that are peptide only (red). 

Figure 5.8 represents the percentage of four blocked cells (HeLa, PC-3, U87 and MCF-7) and 

this was carried in triplicates. The chart shows the percentage of untreated cells, 0.0125mM 

labelled peptide (FITC-CTX) and the different concentration of the unlabelled proteins used. 

From the chart, it was observed that the blocking of the cell is concentration dependent, in 
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other words, as the concentration of the unlabelled protein increases the receptor available for 

binding with the labelled protein decreases. 

In conclusion, this study shows that the mechanism of cell binding uptake depends on the 

receptors of the cells available for binding. Combined percentage chart of blocked cells for 

HeLa, PC-3, U87 and MCF-7 is presented in (Figure 5.8). As the concentration of the 

unlabelled peptide increases the receptors available for the labelled peptide (CTX-FITC) 

to bind decreases hence decrease in fluorescence intensity. This is in accordance with (Thovh

-ogi et al., 2015). 

5.11 Scratch Migration Assay 

5.11.1 Experimental 

This was carried out according to the method described by Kasai et al., (2012) and Al-Asmari 

et al., (2016) with some modifications. Cells(HeLa, PC-3, MCF-7 and U87 ) were seeded in 

24 well plates with their respective media. After 24 hours, cells were found to be about 70-80 

% confluence, they were washed with PBS, and a yellow tip 200μL plastic pipette was used 

to make a scratch on the confluent cells creating a wound, and the wells were rinsed with 

media to remove cell debris. The cells were incubated with various concentration of purified 

CTX peptide at 0.025 Mm, 0.05 Mm and 0.1 mM prepared in cell media and a control which 

was not supplemented with the peptide. They were incubated at 37 oC, and picture image was 

taken at 0, 8hrs, 12hrs and 24hrs using Zeiss Primo vert light microscope. The area migrated 

was obtained from the difference in the distance between 0hour and each time measured in 

micrometre (µm) using Image J Software and the percentage gap closure was expressed as 

×100 
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5.11.2 Result and discussion of Scratch Migration Assay 

5.11.2.1 HeLa cells percentage gap closure of scratch migration assay 

 

 

Figure 5.9: Chart showing percentage gap closure of HeLa cells  

when treated with various concentrations of CTX and Gap closure was measured at a 

different time interval from image pictures taken at 0, 4, 8, 12, and 24hours. Percentage gap 

closure was high at a lower concentration of the peptide, and it increases with time. 

5.11.2.2 U87 Cells Percentage Gap Closure of Scratch Migration Assay 

 

 

Figure 5.10: Chart showing percentage gap closure of U87 cells 

when treated with various concentrations of CTX and Gap closure was measured at a 

different time interval from image pictures taken at 0hr, 4hrs, 8hrs, 12hrs, and 24hrs. 

Percentage gap closure was highest at 0.05mM concentration of the peptide at 24hours, and 

the gap closure was increasing with time. 
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5.11.2.3 MCF-7 Cells Percentage Gap Closure of Scratch Migration Assay 
 

 

Figure 5.11: Chart showing percentage gap closure of MCF-7 cells  

when treated with varying concentrations of CTX and Gap closure was measured at a 

different time interval from image pictures at 0hr, 8hrs, 12hrs, and 24hrs. Percentage gap 

closure was high at a lower concentration of the peptide and increases with time. 

 

5.11.2.4 PC-3 Cells Percentage Gap Closure of Scratch Migration Assay 
 

 

 

Figure 5.12: Chart showing percentage gap closure of PC-7 cells  

when treated with varying concentrations of CTX and Gap closure was measured at different 

time intervals from image pictures taken at 0hr, 4hrs, 8hrs, 12hrs, and 24hrs. Percentage gap 

closure was high at a lower concentration of the peptide and increases with time. 
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5.12  Discussion 

Cell migration and proliferation are necessary for the development of all forms of cancer 

(Brabletz et al., 2005; Coussens and Werb, 2002; Guo et al., 2013; Mantovani et al., 2008).  

Chlorotoxin peptide is a 36 amino acids peptide isolated initially from scorpion Leiurus 

quinquestriatus venom. It acts as an anticancer agent, by binding to tumour cells and less 

affinity for normal human cells because MMP2 is expressed in cancer cells (Arzamasov et 

al., 2014; El-Ghlban et al., 2014; Kittle et al., 2014; Stroud et al.,2014). The migration of 

cells was accessed by in-vitro scratch assay, and purified unlabelled CTX was used in the 

scratch study. 

Percentage gap closure of  HeLa cells, when treated with varying concentrations of 

unlabelled purified CTX and different time interval exposure reveal that gap closure increases 

with time from 0 to 24hours for HeLa cells at a lower concentration of the peptide (0.025mM 

and 0.05mM). Also, we observed that percentage gap closure was highest at 0.05mm 

concentration of the peptide at 24hours (60.3%) for U87 cells, with gap closure increasing 

with time. It was observed that the gap closure for the untreated cell was almost closed after 

24 hours. 

Figure 5.11 represents percentage gap closure of MCF-7 cells when treated with varying 

concentrations of CTX and Gap closure was measured at different time intervals.  Percentage 

gap closure was high at a lower concentration of the peptide; this might probably be due to 

the inability of the lower concentration of the peptide to inhibit cells migration and the gap 

closure increases with time. Finally, Figure 5.12 displayed the percentage gap closure of  PC-

7 cells scratch assay when treated with varying concentrations of unlabelled CTX. Percentage 

gap closure was high at a lower concentration of the peptide and increases with time.   

MMP-2 has been found to be expressed in several tumour cells (Deshane et al., 2003; Kähäri 

and Saarialho-Kere, 1999) and tissue remodelling diseases (Deryugina et al., 1998).  Previous 
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studies have also shown that CTX inhibits tumour cells by binding to MMP-2 expressed in 

these cells. 

In this studies, the percentage gap closure of cells treated with unlabelled peptide was 

increasing with time, and for some of the cell lines, it was concentration dependent. This 

implies that CTX was able to inhibit cells migration this is in agreement with previous 

findings (Deshane et al., 2003; Veiseh et al., 2009). This can probably be attributed to some 

factors; availability of receptors in the cells for the peptide to bind, mechanism of action of 

the CTX to inhibit these tumour cells movement (Deshane et al., 2003; Veiseh et al., 2009). 

Secondly, unlabelled CTX peptide was able to inhibit cell migration slightly this was 

expressed as percentage closure, and the difference in percentage closure is an indication 

probably that the level of CTX receptors in each tumour cells is different. Also, an increase in 

the concentration of the peptide probably may have led to the lower percentage closure 

indicating a high inhibition of tumour cells. 

These findings in this study will be useful in tumour cell diagnosis and therapeutic.  

In conclusion, it was observed that the percentage gap closure was time-dependent that is it 

increased with time in some of the cells, and it also depends on concentration. Although, 

there was no concentration of the peptide used that inhibit the cancer cells migration between 

0 and 12 hrs slight inhibitions was observed in PC-3 cells at 0.1mM. The increase in gap 

closure was minimal. This implies that there was slight inhibition in cell migration. 
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CHAPTER SIX 

Bio-Conjugation of Biotinylated Chlorotoxin with Quantum Dots 

6.1  Introduction 

Bio-conjugation is a chemical approach used to form a stable link between two molecules. 

The use of quantum dots for biological application in research has encountered two major 

challenges over the years; these are its solubility and functionalization. QDs have some 

unique features that make it very useful for functionalization in the biological application (in 

vivo and invitro) (Resch-Genger et al., 2008 and Zhang et al., 2012). Early diagnosis and 

localised application of drugs are required for most cancer diseases to be treated effectively. 

More so, exposure of the whole body to drugs and radiation is highly discouraged, hence, 

there is a need for bio-conjugation towards targeted therapy (Karakoti et al., 2015). In order 

to understand the intricacy of some diseases and the efficacy of their treatments, the 

biological molecules involved in the cellular processes is vital (Patra et al., 2007; Krakatoa et 

al., 2015). Nanoparticles like QDs when functionalized possesses some great promises for 

easy, fast disease diagnosis and imaging (Asati et al., 2009; Ambrosi et al., 2010; Cui et al., 

2011 and Karakoti et al., 2015). Quite a lot of studies have used CTX to a target tumour cells 

their binding affinity (Calderon et al., 2014; Kasai et al., 2012; Olubiyi et al., 2015; Stroud et 

al., 2011). In recent times, CTX is conjugated to proteins and some fluorescent materials to 

target a tumour (Kasai et al., 2012) 

6.2 Materials and Method 

6.2.1 Materials 

 

Sulfo-NHS-SS-Biotin (Thermos fisher scientific), streptavidin (Sigma), Biotinylated 

chlorotoxin (GL Biochem), quantum dots, WST-1 Cell Proliferation Reagent 4-[3-(4-

iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1, 3-benzene disulfonate (Roche Diagnostics, 
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Mannheim, Germany), Dulbecco Modified Eagle Medium (DMEM) (Lonza), Phosphate 

buffered saline (PBS), RPMI media( Lonza), 96 well tissue culture plates. 

6.2.2 Synthesis and characterisation of QDs-MPA and QDs-GA CdTe quantum dots 

The QDs-MPA and QDs-GA quantum dots were synthesised and characterised using the 

method described previously in chapter 2.  

6.2.3 Bio-conjugation of quantum dots to Biotinylated Chlorotoxin Peptide 

A known mass of quantum dots was weighed and dissolved in water. 1mL of the QDs 

solution was mixed with 80 µL of Sulfo-NHS-SS-Biotin (6 mg/mL). This was prepared 

fresh every time it was used. The reaction was stirred on a stirring mantle with a stirring bar 

for about an hour. An equal amount of streptavidin (80 µL) of 250 µg/mL was added to the 

QDs-biotin solution, stirred and incubated for 6 hours at room temperature with stirring. The 

absorbance was measured, and the solution was centrifuged for 10 minutes to remove the 

unreacted compound. One (1) mg/mL of the CTX-biotin which was prepared in water was 

added to an equal amount of QDs-biotin-Strep, and the resulting solution was incubated at 

room temperature with stirring for about 6 hours. UVis was used to confirm the conjugation. 

 

Figure 6.1: Diagram showing the mechanism of conjugation of biotinylated chlorotoxin 

to Quantum dots.  
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 6.2.4 Investigation of the cell binding of QDs 

The fluorescence intensity of the quantum dots and peptide were evaluated using a flow 

cytometer. Cells were seeded in 6 well plates with a cell density of 3X105 for 24 hrs. After 

which cells were treated with 25 µg/mL and 50 µg/mL of QDs for 24 hours. Then cells were 

washed with PBS, trypsinised using 300µl of trypsin, washed with 1X PBS again and 

centrifuged for 3 minutes at 3000 rpm after that about 300ul of media was added to cells in 

tubes, and this was kept on ice. A flow cytometer was used to analyse cell binding. This 

method was used to investigate cell binding of studies for QDs-MPA and QDs-GA12. These 

were carried out in triplicate. 

6.2.4 Cell culture and WST-1 cell viability  

Cells were seeded in 96 well tissue culture plates at a cell density of 1× 10-6, and after 24 

hours cell was washed with 1X PBS and treated with conjugated chlorotoxin Quantum dot 

peptide (QDs-Biotin-CTX) for 24 hours. The media was removed from the wells, and 100 µL 

of reconstituted WST-1 cell proliferation assay reagent with media was added to each well 

and incubated for 4 hours at 37 °C and absorbance was measured at 440 nm and 630 nm 

using BMG Labtech polar star omega microplate reader 

6.3 Results and Discussion 

 

UVis absorbance of QDs-MPA, QDs-Streptavidin and QDs-MPA-CTX is presented in Figure 

6.2; Absorbance spectra are showing an upward shift in UV spectra when streptavidin was an 

attachment to the QDs and a further shift was also observed after conjugating with CTX.  

This is probably due to an increase in the size of QDs after conjugation. Also, Figure 6.3 

showed UVis absorbance of QDs-GA, QDs-GA-Strep and QDs-GA-CTX. Absorbance 

spectra showed a shift in UV spectra after conjugation; which implies that conjugation was 

successful and an increase in the size of the QDs.  
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The cytotoxicity studies of QDs-GA and QDs-MPA chlorotoxin conjugate (QDs-GA-CTX) 

and (QDs-MPA-CTX) respectively using HeLa, MCF-7, PC-3 and U87 cell line at various 

concentration of 3.125µg/mL, 6.25µg/mL, 12.5µg/mL, 25µg/mL, 50µg/mL and 100µg/mL 

are shown in Figure 6.4 and 6.5. We observed cell viability at over 70% with viability 

decreasing as the concentration of the conjugate QDs increasing.  

U87 cell lines had the lowest reduction in cell viability of 21%, and HeLa cells had the 

highest reduction in viability (47%). QDs-MPA-CTX viability studies suggested that MCF-7 

and U87 displayed the lowest reduction in cell viability (4.3 % and 13 % respectively) while 

HeLa displayed the highest reduction in viability and it is concentration dependent. This 

corresponds to the work of Malvindi et al., 2014, where they carried out invitro cytotoxicity 

studies using InP/ZnS and CdSe/ZnS QDs to demonstrate that cytotoxicity of the QDs was 

concentration-dependent when cells were exposed to QDs treatment within 24 hours and 48 

hours. Reduction in percentage cell viability after conjugation may probably be due to the 

presence of CTX because studies have shown that CTX can binds MMP-2 expressed in some 

tumours and reduced cell proliferation and migration. An increase in the size of the QDs after 

conjugation can also be attributed to the reduction in viability. From our chart, the optimum 

concentration for all cells line is 6.25µg/mL because at this concentration the cell lines 

displayed over 70% cell viability. 
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Figure 6.2: UV absorbance of QDs-MPA, QDs-Streptavidin and QDs-MPA-CTX.  

Absorbance spectra showed an upward shift in UV spectra after conjugation. The black 

spectra indicate QDs-MPA before conjugation, the red spectra represent the addition of 

streptavidin, and the blue spectra represent QDs-MPA-CTX.  
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Figure 6.3 UVis absorbance of QDs-GA, QDs-GA-Strep and QDs-GA-CTX.  

Absorbance spectra showed a shift in UV spectra after conjugation. The black spectra 

indicate QDs-GA before conjugation, the red spectra represent the addition of streptavidin, 

and the green spectra represent QDs-GA-CTX.  
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Figure 6.4: The cytotoxicity studies of QDs-GA chlorotoxin conjugate (QDs-GA-CTX) 

using HeLa, MCF-7, PC-3 and U87 cell line.  

The chart showed over 70% cells viability with viability decreasing with increase in 

concentration. 

 

 

Figure 6.5: The cytotoxicity studies of QDs-MPA chlorotoxin conjugate.  

The chart showed over 70% cells viability with viability decreasing with an increase in the 

concentration of CTX Conjugate. 
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Figure 6.6: Percentage QDs-MPA uptake at 25µg/mL (blue bar) and 50µg/mL (orange 

bar).  

The QDs-MPA uptake showed that the percentage uptake was high in HeLa and U87 cells 

and low uptake was observed in PC-3 cells 

 

 

 

Figure 6.7: Percentage QDs-GA uptake at 25µg/mL (blue bar) and 50µg/mL (orange 

bar).  

The QDs-GA uptake showed that the percentage uptake was high in HeLa, MCF-7 and U87 

cells and low uptake was observed in PC-3 cells. 
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Figure 6.8: Percentage uptake of the QDs-MPA chlorotoxin conjugate in HeLa, PC-3,  

MCF-7 and U87 Cell lines (QDs -MPA-CTX) at 25 μg/mL and 50 μg/mL concentration.   

High QDs-MPA-CTX uptake was observed in HeLa cells at both concentrations when 

compared to MCF-7, PC-3 and U87 cell lines.  

 

 

 
 

Figure 6.9: Percentage uptake of the QDs-GA chlorotoxin conjugate in HeLa, PC-3, 

MCF-7 and U87 Cell lines (QDs-GA-CTX) at 25 μg/mL and 50 μg/mL concentration.  

A very high uptake was observed in MCF-7 cells for both concentrations, HeLa cells had the 

next high uptake at 50μg/mL.   

.  
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Figure 6.6 represent percentage QDs-MPA uptake using two concentrations of Quantum dots; 

25µg/mL and 50µg/mL.  QDs-MPA percentage uptake after 24 hours using flow cytometer to 

analyse cell revealed that QDs were well taken up by all four cell line but percentage uptake 

was highest in U87, MCF-7 and HeLa cells with percentage value of 64.8, 54.7 and 52.7% at 

50µg/mL respectively and the least uptake was seen in PC-3 cells with the percentage value 

of 14.13%. The uptake was observed to depend on concentration, hence at 25µg/mL uptake 

was seen to be lower in all cell line when compared to the concentration at 50µg/mL. The P-

Values were (˃0.05) hence not insignificantly different for HeLa, PC-3 and MCF-7 when 

concentration of QDs-MPA (Figure 6.6) uptake was compared at 25 and 50µg/mL but for 

U87cells the P-values was less (˂0.05), this implies that percentage uptake at 25 and 

50µg/mL significantly different. Percentage QDs-GA uptake at 25µg/mL and 50µg/mL 

(Figure 6.7). QDs-GA was highly taken up by cells at 50µg/mL. This infers that percentage 

uptake increases with concentration. QDs-GA uptake was 91 %, 94.6 %, 89.8 % and 50 % at 

50µg/mL for U87, MCF-7, HeLa and PC-3 respectively and 92.2 %, 93.6 %, 52 % and 46.5 

% for U87, MCF-7, HeLa a and PC-3 respectively at 25µg/mL. Their P-values at 25 and 

50µg/mL for each cell were not significant (˃0.05) Figure 6.7 for all cell lines. Also, these 

results also suggest the QDs uptake may also be cell lines specific.  

 

The percentage uptake of the QDs-MPA chlorotoxin conjugate (QDs-MPA-CTX) is in Figure 

6.8 and Figure 6.9 respectively. The results indicate that the percentage uptake of the QDs-

GA-CTX for HeLa, PC-3, MCF-7 and U87 cells at 25µg/mL and 50µg/mL was moderately 

increasing with concentration.  HeLa and MCF-7 cells had the highest percentage uptake for 

both QDs conjugate, and PC-3 had the lowest. Their P-values are (˃0.05) hence not 

significant,  
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CHAPTER SEVEN 

 

General Discussion and Conclusion 

7.1 General Discussion 

In this study we described, for the first time the synthesis of small, water-soluble CdTe QDs 

with high luminescent properties for in-vivo and invitro bio-imaging. Two different routes 

were used for the synthesis, and these QDs were capped and stabilised with gum Arabic 

polymer to reduce the toxicity. Toxicity of quantum dots has been a major concern for years, 

and research has shown that the use of capping agents like polymers helps to reduce toxicity. 

There is here the need to cap these QDs with proper capping agent in order to increase their 

solubility and reduce their toxicity for useful application in the bio-imaging system (Hezinger 

et al., 2008). Cancer is a progressive, complex and life-threatening disease that is a 

significant cause of death worldwide (Pal and Nayak, 2010).  It has been reported that about 1 

in 6 deaths are caused by cancer, and it is the second leading cause of death. About 8.8 

million deaths were caused by cancer in 2015, and about 16 million deaths are projected to 

occur from cancer in 2020 (Thundimadathil, 2012). These cancer data insinuate that the 

present therapeutic remedies with the high death rate, seem not to be effective in the fight 

against this disease. This calls for a need need to devise an alternative therapeutic system to 

improve existing diagnostic strategies (Sumer and Gao, 2008). Another challenge is the use 

of chemotherapy drugs which are not non-specific in action because they can be toxic to both 

normal and cancer cells (Wang et al., 2009). Therefore, this challenge has led to the need for 

innovative and novel nanomaterials for targeted therapy to improve treatment and for early 

diagnosis. Targeted therapy is one of the most promising and developing areas in the use of 

nanoparticles in medical research (Thovhogi et al., 2015; Dykman and Khlebtsov 2011). 

In this study chapter two highlights the synthesis and characterisation of CdTe Quantum 

Dots. CdTe QDs were synthesised capped with MPA (QDs-MPA) and GA polymer to 

https://link.springer.com/article/10.1007/s11051-015-2904-x#CR10
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increase solubility and reduce toxicity. QDs were capped with  GA polymers using two 

different routes  by varying temperature; QDs were capped at 60 ºC for 2hours (QDs-GA2), 

and 12 hours at room temperature (QDs-GA12);  The nanoparticles were  then characterised 

using Ultraviolet-visible (UV–vis) spectroscopy which was used to confirm the formation of 

the QDs, Photoluminescence (PL) spectroscopy spectrum was seen to be sharp and narrow 

with an emission wavelength of 700 nm, 686 nm and 659 nm for QDs-MPA, QDs-GA2 and 

QDs-GA12 respectively. The QDs emit green and red fluorescent. 

High resolution transmission electron microscopy (HRTEM) showed that particle size was be

tween 2nm to 4.9nm and Fourier transform infrared spectroscopy (FTIR) confirm the 

biomolecules present in QDs. Also, the hydrodynamic particle size, polydispersity index 

(PDI) and zeta potential were also evaluated to ascertain the colloid stability of  QDs. XRD 

was used to determine the crystalline nature of the QDs as well as calculate the particle size 

using Debye Scherrer equation and FWHM, and this confirms the results gotten from 

HRTEM that the particle size range is less than 10nm. The detailed investigations of the in-

vitro cytotoxicity assay using the WST-1 cell proliferation assay were investigated. 

Proliferation assay of the QDs capped with GA and MPA were evaluated in vitro using four 

cell lines MCF-7, PC-3, HeLa and U87 cancer cell lines at different concentrations range of 

100µg/mL, 50µg/mL, 25µg/mL, 12.5µg/mL, 6.5µg/mL and 3.125µg/mL. It was used to 

establish that GA capped QDs particles were less toxic to the cells and the toxicity increases 

with increase in concentration. Also for most of the cancer cells lines the quantum dots were 

not toxic at a concentration less than of 50µg/mL. 

 

 Stability studies of the nanoparticles in various cell culture medium and buffer were also 

evaluated in chapter three. The results showed that most of the QDs particles were stable for 

about 48 hours. The particles started growing bigger after 48hours for all the media this was 
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evident in the shift in spectra except for DMEN medium,  whose absorbance spectra was 

shifting with an increase in time this corresponds with the work of Elbagory et al., 2016. The 

increasing shift in the absorbance spectra of  DMEN  medium was probably due to the fact the 

DMEN media is coloured, and the absorbance of the medium was probably interfering with 

the absorbance of the QDs present in the media.  

Cell microscopy studies showed that QDs were internalised in the nucleus when stained with 

DAPI nucleus dye (blue) and the micrographs of the all four cell line showed that HeLa cells 

have the highest cell uptake of QDs (green and red), peptide (green) and nuclei localisation 

(blue). The binding affinity study was evaluated by measuring the fluorescence intensity in 

percentage using a flow cytometer.  

Chapter five evaluated the recombinant expression and purification of chlorotoxin peptide 

using SDS gel to confirm protein expression. The protein was cleaved using 3C protease and 

pure chlorotoxin peptide obtained was sequenced. In recent years CTX has emerged as one of 

the promising agents for targeting because of its ability to accurately identify a wide range of 

cancers, like the brain and prostate tumour cells (Kievit et al., 2010) and its unique size 

(Veiseh et al., 2009). Binding experiment was done using the recombinantly expressed 

protein, and FITC labelled chlorotoxin. This study was carried out using some cell lines to 

determine the specificity of FITC-CTX binding to cell lines. It was used to evaluate specific 

and competitive binding of cells to FITC-CTX peptide. The extent of binding was evaluated 

using fluorescence flow cytometry by measuring fluorescence intensity in percentage. The 

histogram shift to the right indicates an increase in binding with a corresponding increase in 

concentration and fluorescence and it is receptor mediated. Cell migration or scratch assay 

was used to determine the effect of the unlabelled purified CTX peptide on the migration of 

cell and four cell lines were used. Cell migration and proliferation is necessary for the 

development of all forms of cancer (Coussens and Werb, 2002; Evan and Vousden, 2001) 
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In chapter six QDs was conjugated to biotinylated chlorotoxin and a shift in the UV spectra 

was used to confirm the attachment of streptavidin to quantum dots for both QDs-MPA and 

QDs-GA. The QDs-CTX conjugate was used on four cell lines to ascertain viability and cell 

uptake in percentage using flow cytometer.  

7.2 Conclusion 

The objective of this study was to synthesise quantum dots using GA polymer to cap and 

stabilise the QDs nanoparticle towards the development of a bio-imaging agent for diagnostic 

purpose thorough a conjugated peptide system. We synthesised for the first time CdTe QDs 

with high luminescent properties using two different methods of synthesis. They were 

biophysically characterised and stabilised with gum Arabic polymer to decrease the toxicity 

and improve the solubility of the QDs. These QDs were found to be very small in size less 

than 10nm from HRTEM analysis and very soluble in water these attributes makes them very 

suitable for biomedical purposes. This is in accordance with existing literature that QDs with 

the characteristic features is extensively applied as imaging agents (Chan et al., 1998; Chan et al., 

2012; Mattheakis et al., 2004; Resch-Genger et al., 2008; Jamieson et al., 2007). Several studies have 

shown that nanoparticles conjugate with biomolecules are used in nanobiotechnology due to their ease 

of chemical synthesis, flexibility, less toxicity and biocompatibility (Fontes et al., 2012; McNeil, 

2005). Chemotherapy drugs have been shown to be non-specific and inflict severe toxicity on patients 

hence, scientists in the field of molecular biology have resulted to the use of targeted therapy for 

easier diagnosis and treatment of a tumour. The general results from this study have been able to show 

the evidence that the QDs synthesised from this study is small in size, soluble, highly luminescent, 

with low toxicity and emit both red and green fluorescence which offer good evidence of applicability 

for invivo and invitro bio-imaging system.  
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7.3 Recommendation for Further Work 

The results from this study showed that we successfully synthesised QDs that are water 

soluble and which have low toxicity. It will be essential to carry out a long-term study on 

exposure of these QDs on cells lines for any possible toxic effect in-vitro and other cancer 

cell lines. These will enable us to know if these quantum dots are toxic to other cancer cells 

or  are cell line specific.  Also, the concentration can be increased to ascertain the cause,of 

toxicity and the possible damage to RNA and DNA  by assaying for the parameters that are 

responsible for these damages.  

 Furthermore, in-vivo studies using animal model QDs is also highly recommended, this will 

help check for the efficacy of the quantum dots especially for bio-imaging using MRI 

technique and a possible side effect of its accumulation in various of organ examined. Long-

term stability assay is vital. Also, other types of the polymer may be used for capping the 

QDs. Their biophysical characterisation and toxicity evaluated, and the findings can be 

compared to GA capped QDs. 
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APPENDIX 

 

BUFFERS AND SOLUTIONS 

2 X SDS Sample buffer: 

62.5 mM Tris-HCl (pH 6.8), 2 % SDS, 25 % glycerol,  

0.01 % bromophenol blue, 5 % β-mercaptoethanol. 

10 X TBE 

0.9 M Tris, 0.89 M boric acid, 

0.032 M EDTA stored at room temperature.  

10 X Tris-EDTA (TE) 

10 mM Tris-HCl, 1 mM EDTA, pH 7.5 

10 X Phosphate-buffered saline (PBS) 

150 mM NaCl, 2.7 mM KCl,  

10 mM Na2HPO4, 2.0 mM KH2PO4, pH 7.4.  

Ampicillin 

100 mg/ml ampicillin in distilled water; filter sterilized. 

Sodium Chloride-Tris-EDTA/lysozyme (Lysis buffer) 

10 mM Tris, pH 8, 150 mM NaCl, 1mM EDTA and 100 μg/ml lysozyme 

Ammonium persulphate (APS) 
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A 10 % stock solution was prepared in deionised water. 

Coomassie Brilliant Blue R-250 Staining Solution 

0.25 g Coomassie Brilliant Blue R 250, 50 % ethanol and 10 % acetic acid 

Destaining solution 

16.5 % ethanol and 5 % acetic acid. 

Dithiothreitol (DTT) 

A 1 M stock solution was prepared in 0.01 M Sodium acetate, pH 5.2.  

This solution was sterilized by filtration. 

Ethylenediaminetetraacetic acid (EDTA) 

A stock solution was prepared at a concentration of 0.5 M in deionised water, pH 8.0. 10 % 

Sodium dodecyl sulphate (SDS) 10 % SDS in distilled water. 

Isopropyl β-D-thiogalactopyranoside (IPTG) 

A 1 M stock solution was prepared in deionised water. The solution was sterilised by 

filtration. 

Luria Agar 

14 g/l Bacteriological agar, 10 g/l Tryptone, 5 g/l Yeast Extract and 5 g/l NaCl 

Luria Broth 

s10 g/l Bacto-tryptone, 5 g/l Bacto-Yeast Extract and 5 g/l NaCl 
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Lysozyme 

A stock solution was prepared at a concentration of 50 mg/ml in deionised water. 

PBS-T 

150 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM KH2PO4 and 1 % Triton-X 100) 

6XHis Wash Buffer (25 ml) 

50 mM Phosphate Buffer pH 7.0 

300 mM NaCl 

1 mM Imidazole 

Adjust pH to 7.0 with NaOH 

6X His Elution Buffer (10 ml) 

50 mM Phosphate Buffer pH 7.0 

300 mM NaCl 

150 mM Imidazole 

Adjust pH to 7.0 with NaOH 

4% formaldehyde 

Paraformaldehyde powder 

1X PBS solution 
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Zeta potential of GA Powder 
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ass Spectra of Peptide 1 and 2 from GL Biochem (Shanghai) Ltd. 
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Pictures of the different quantum dots (A) quantum capped with MPA (QD-MPA) (B) 

Quantum Dots capped with GA powder at 600C for two hours (QD-GA2) (C) Quantum dots 

capped with GA powder at room temperature with for 12 hours. 

 


