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ABSTRACT  

Alpha-2-macroglobulin (α2M) belongs to the alpha-macroglobulin family of secreted proteins and 

is constitutively abundant in human biological fluids. The functions of α2M are dependent on its 

conformation, which can be native, transformed, or dimeric. Each conformation is functionally 

distinct, all playing a crucial role in the regulation of inflammatory and immune responses. It has 

been demonstrated that dissociation of the native α2M tetramer into dimers is induced by 

hypochlorite, an inflammatory oxidant, that significantly enhances the holdase-type chaperone 

activity of α2M. Preliminary investigations by the Wyatt laboratory identified that phenolic 

compounds such as rosmarinic acid (RA), caffeic acid (CA) and salvianolic acid β (Saβ), induce α2M 

to dissociate into dimer-like molecules.  The purpose of this study was to demonstrate the effect 

of a drug or drug-like phenolic compounds on the conformation of α2M and compare this to the 

effect of hypochlorite.  

Considering the superior chaperone activity of dimeric α2M compared to native and transformed 

α2M tetramers, this study undertook a series of experiments to characterise the structure and 

function of phenolic compound-treated α2M in order to generate proof-of-principle data, to 

demonstrate whether phenolic compounds could be used to target the chaperone activity of 

α2M. Specifically this study aimed to characterise in the  holdase-type chaperone activity and cell 

surface receptor binding of phenolic compound-modified α2M. The evaluation of holdase-type 

chaperone activity involved conducting a Thioflavin T (ThT) assay with the Alzheimer’s disease-

related amyloid beta peptide, Aβ1-42. Assessment of cell surface binding of biotinylated phenolic 

compound-modified α2M was accomplished through flow cytometry, utilizing SH SY5Y 
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neuroblastoma cells. The structural characterization of phenolic compound-modified α2M 

included native gel electrophoresis and a bis-ANS assay to analyse migration patterns and surface 

exposed hydrophobicity, respectively. The proof-of-principle data generated in this study support 

the conclusion that although phenolic compound-modified α2M enhanced the ability of α2M to 

stabilise Aβ1-42, this effect does not occur via a canonical holdase chaperone action. The results 

also suggest that phenolic compounds may induce a slightly transformed conformation in α2M, 

which is electrophoretically fast but shields the hydrophobic regions that are normally exposed 

on α2M dimers. The findings support the idea that treatment of α2M with phenolic compounds 

may expose the internal thiol ester that forms a covalent bond with Aβ1-42 and exposes the LRP-

1 binding domain. However additional studies are required to confirm this model.  

A greater understanding to the functions of phenolic compound-modified α2M has the potential 

to lay the groundwork for developing treatments for conditions characterized by protein 

misfolding and inflammation.  
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1 INTRODUCTION 

1.1 Overview 

Alpha-marcoglobulins (αMs) are a multifunctional protein family that are secreted into biological 

fluids. Alpha-2-macroglobulin (α2M) is the predominant αM protein in human and is 

constitutively abundant. α2M is a tetramer with two distinct conformations, these involve a 

native conformation exhibiting broad-spectrum anti-protease activity and a transformed 

"compact" conformation that modulates signalling pathways (Sun et al., 2023; Lindner et al., 

2010) and aids in bacterial clearance (Godehardt et al., 2004; De Boer et al., 1993). The native 

α2M tetramer can be induced to dissociate into functionally distinct dimers, which have been 

shown to possess enhanced holdase-type chaperone activity in vitro (Wyatt et al., 2014).  

Due to its diverse functional conformations, α2M has been suggested as a tractable therapeutic 

target in the treatment of several diseases related to inflammation and protein misfolding, and 

numerous therapeutic opportunities have been explored (Wang et al, 2014., Tavassoli et al, 

2019., Louis et al, 2021., Ikai et al, 1999., Harwood et al, 2021). However, to date, there is no 

clinical strategies specifically targeting the functions of α2M. Instead, current therapies focus on 

increasing local native α2M concentrations at the site of inflammation (Wang et al., 2014) or 

generating a pool of transformed α2M in systemic circulation (Desser et al., 2001). 

Exploring the use of drug and drug-like compounds has also been investigated as an approach to 

influence α2M conformations in systemic circulation. Preliminary studies from the Wyatt 

laboratory, identified that phenolic compounds such as caffeic acid (CA), rosmarinic acid (RA) and 
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salvianolic acid β (Saβ), induce the native α2M tetramer to dissociate into dimer-like molecules. 

Phenolic compound-modified α2M migrates in native gel electrophoresis similar to holdase-type 

chaperone active hypochlorite-modified α2M dimers (Georgiou et al., unpublished data).  

The current study extends on these preliminary findings to further characterise the structure and 

function of phenolic compound-modified α2M to generate proof-of-principle data that 

demonstrates the effect of phenolic compounds on the chaperone activity and cell surface 

binding of α2M. 

 

1.2 Alpha-macroglobulin protein family 

αM proteins can be monomers (i.e. alpha-2-macroglobulin like-1; α2ML-1), dimers (i.e. Pregnancy 

zone protein; PZP) or tetramers (i.e. α2M). Several αM proteins can function as protease 

inhibitors by trapping proteases after they cleave the protease-sensitive bait region. The length 

and sequence of the bait region exhibits high variability among αM family members and 

determines the substrate specificity of αM protease inhibitors. In addition, the quaternary 

structure of αM protein (i.e. tetrameric, dimeric or monomeric) greatly effects its efficiency to 

trap proteases. This is because, upon cleavage of the bait region by a protease, a conformational 

change is initiated, leading to a more compact "transformed" conformation that encloses on the 

protease (Sand et al., 1985) and in so doing, physically blocks the interaction between proteases 

and their macromolecular substrates. 
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1.3 Alpha-2-macroglobulin  

1.3.1 Structure 

Native α2M is a tetramer of 720 kDa that is composed of four identical highly glycosylated 

monomeric subunits (180 kDa). Each monomer is 1451 amino acid residues in length and contains 

sequences for a bait region, reactive internal β-cysteinyl-γ-glutamyl thiol ester bond, receptor 

binding site for low density lipoprotein receptor-related protein-1 (LRP-1), and a number of 

conserved macroglobulin domains (Figure 1). Native α2M is formed after two monomers are 

disulfide-linked to form a dimer and then two disulfide-linked dimers non-covalently associate to 

complete the quaternary structure (Figure 1). Thus, the native α2M tetramer may be considered 

a dimer of dimers. 
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Figure 1. Domain and quaternary structure of α2M. (i) Diagram of the functional domains of α2M including 

signal sequence, bait region, internal thioester and receptor binding site as indicated. N-glycosylation sites 

are indicated by grey arrows in the monomeric aa sequence. (ii) Schematic representation of an α2M 

monomer. Approximate location of bait region (red), thiol ester (yellow) and receptor binding site (blue) 

are illustrated. Two monomers are connected by disulfide-bridges to form a dimer (iii) and two dimers are 

noncovalently associated to form the native α2M tetramer (iv). Illustrations of the α2M quaternary 

structure are based on the crystal structure of human α2M by Huang et al (2022).    
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1.3.2 Expression and Tissue distribution  

α2M is a highly abundant protein in human biological fluids and constitutes a significant portion 

of the protein component of blood plasma. α2M in circulation is primarily synthesised by 

hepatocytes (Petersen et al, 1988), but can be synthesised by many other cell types including 

fibroblasts (White et al, 1980) and lymphocytes (Michelis et al, 2022).  

In children aged up to three years, plasma α2M levels typically range from 4-5 mg/ml and tend to 

steadily decrease to 2-4 mg/ml in early adulthood (Ganrot and Schersten, 1967). As individuals 

age, α2M levels continue to decrease steadily and by the age of 50, α2M levels typically range 

between 1.0-2.5 mg/ml, with lower levels measured in men than women (Ganrot and Schersten, 

1967).  On the other hand, α2M level in cerebral spinal fluid (CSF)  increase with age.  In healthy 

individuals under the age of 50, α2M levels typically range from 1.0-2.5 µg/ml. While for 

individuals over 50 years old, the range of α2M levels extends to 2.0-3.6 µg/ml (Garton et al, 

1991).  

Conditions such as type 2 diabetes and Alzheimer’s are reportedly associated with increased 

plasma α2M concentrations (Tariq et al, 2022., Varma et al, 2017). This systemic increase in α2M 

circulation is also observed in certain chronic inflammatory conditions such as chronic obstructive 

pulmonary disease (COPD) (Xiao et al., 2023). Interestingly, while systemically α2M 

concentrations are increased, the localized concentration of α2M at sites of localised 

inflammation may shows a notable reduction (Xiao et al., 2023). 

Elevations in α2M concentration has also been reported in other bodily fluids in the presence of 

disease. For example, a study by Wang et al (2014) reported that the synovial fluid (SF) of healthy 
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individuals typically exhibit α2M concentrations of 126 μg/ml, whereas in individuals with 

osteoarthritis (OA) SF, the concentration increases almost 2-fold to approximately 240 μg/ml.  

α2M is also present in ocular fluid and can be produced by endothelial cells in the human eye 

choroid. Disease-specific patterns have also been noted in tear fluid, which is produced from this 

ocular fluid, with α2M concentration observed to be 1.5 times higher in patients diagnosed with 

Parkinson's disease compared to controls (Boerger et al, 2019). However, it’s unclear how much 

of the concentration of α2M in this fluid originates from cellular expression and how much comes 

from plasma α2M that has entered the ocular fluid.  

 

1.3.3 Function 

α2M is a highly efficient protease inhibitor and is unique in its ability to bind to all four classes of 

endogenous proteinases in humans (Sottrup-Jensen et al, 1989). After the bait region is cleaved 

by a protease, a conformational change occurs and α2M adopts a more compact “transformed” 

conformation where the four subunits enclose and form a steric cage around the protease. This 

conformational change exposes the internal thiol ester which forms a covalent bond between 

the α2M molecule and protease (Figure 2) (Harwood et al, 2022., Huang et al, 2022).  

Transformed α2M can also bind non-covalently to a large number of ligands, as well as misfolded 

proteins. This non-covalent binding to ligands has an important functional role in regulating 

immune responses and inflammation through mediating cell signalling pathways (Zhu et al, 

2021., Kardas et al, 2020). Specifically, many cytokines and growth factors can bind to 

transformed α2M conformation (Crookston et al, 1993) and by binding to these ligands, 
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transformed α2M can influence the strength and duration of many signalling pathways by 

preventing these molecules from binding to their receptors (Sun et al, 2023., Lindner et al, 2010). 

Through these interactions α2M can modulate several important processes including cell 

proliferation, migration, and immune responses.  

The conformational change resulting from the trapping of proteases, also exposes the receptor 

binding site for low-density lipoprotein receptor-related protein-1 (LRP-1) and allows for rapid 

clearance of the α2M-protease complex and any non-covalently bound ligands by endocytosis 

(Huang et al, 2022). LRP-1 is expressed on multiple cell types including hepatocytes, 

macrophages, adipocytes, fibroblasts, dermal dendritic cells, and syncytiotrophoblasts 

(Chiabrando et al., 2002). 

During inflammation, native α2M tetramers can be induced to dissociate into dimers. This process 

is regulated by the production of hypochlorite, a potent inflammatory oxidant generated by the 

enzyme myeloperoxidase. Hypochlorite is thought to induce dissociation into dimers by rapidly 

reacting with a series of methionine residues between the non-covalently associated disulfide-

linked α2M dimers (Reddy et al, 1994).  The separation of the two disulfide-linked α2M dimers 

exposes the hydrophobic region which is normally protected in the native α2M conformation 

(Figure 2) (Wyatt et al, 2014). In addition, the receptor binding site for LRP-1 also becomes 

exposed in the induced dimeric conformation (Wyatt et al, 2014). Dimeric α2M is functionally 

distinct from the native and transformed α2M tetramer, in that there is enhanced holdase-type 

chaperone activity resulting from the highly exposed hydrophobic region (Figure 2) and 

preferentially binding of several pro-inflammatory molecules including TNF-α, TNF-β and IL-6 
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(Wyatt et al, 2014., Wu et al, 1998).  As such it has been proposed that hypochlorite-induced 

dissociation α2M is a rapid response that controls the accumulation of misfolded proteins and 

inflammation during acute stress (Wyatt et al., 2014). But it is currently unknown whether or not 

this property of α2M could be targeted therapeutically. 

 

Figure 2. Schematic diagram showing conformation specific functions of α2M. (i) Native α2M showing 

the flexible surface exposed bait region and hydrophobic interface that is normally concealed.  When a 

protease cleaves the bait region, a conformation change occurs and α2M adopts a more compact 

transformed conformation (ii). Transformed α2M can bind non-covalently to a large number of ligands 

and has limited holdase-type chaperone activity.  Hypochlorite potently induces dissociation of the native 

α2M tetramer (i) into dimers (iii). Dimeric α2M loses ability to inhibit proteases but binds to a large number 

of non-covalent ligands. Reaction with hypochlorite exposes the normally protected hydrophobic region 

and allows for enhanced holdase-type chaperone activity. In both transformed α2M and hypochlorite-
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modified α2M dimers, the receptor binding site for LRP-1 is exposed and mediates the clearance of α2M 

and its cargo.  

 

1.4 Therapeutic opportunities  

1.4.1 Proteolytic- enzyme therapy 

Proteolytic-enzyme therapy, a form of systemic enzyme therapy, involves the administration of 

proteolytic enzymes into the body through oral or intravenous delivery.  While this form of 

therapy was initially used to increase proteolytic-enzyme activity in vivo, other therapeutic 

opportunities were quickly identified including using this approach to increase the pool of 

transformed α2M present in blood.  

As previously discussed, transformed α2M is generated when native α2M traps proteases and a 

conformational change occurs where the protein adopts a more compact conformation (Figure 

2). Consequently, an increase in systemic levels of proteases, elevates the concentration of 

transformed α2M present in circulation. As transformed α2M is known to bind to pro-

inflammatory cytokines and growth factors this form of therapy offers potential benefits in 

helping reduce inflammation.  

Desser et al (2001) proposed that oral administration of proteolytic enzymes (papain, bromelain, 

trypsin, and chymotrypsin) reduced TGF-β levels in human blood, as a result of the increased 

transformed α2M in circulation. When patients with excessive TGF-β levels (>50 ng TGF-β/ml 

serum) were provided with proteolytic enzyme therapy, the researchers observed a significant 
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reduction (P<0.005) in TGF-β levels in the blood from 67.84 +/- 24.81 ng/ml serum to 8.11+/-

29.49 ng/ml serum.  

Other published research supports that oral administration of proteases increases the circulating 

pool of transformed α2M (Leipner and Saller, 2001) and that in vitro, transformed α2M can non-

covalently bind to TGF-β. However, there is currently no data demonstrating that transformation 

of α2M directly underpins the reduction in TGF-β.  

Despite this, proteolytic-enzyme therapy has been proposed as a complementary strategy in the 

treatment of cancer and other pathologies (reviewed in Gremmler et al, 2021). While systemic 

enzyme therapy is not a new approach, its application in treatment of inflammation and immune 

response continues to evolve.  

 

1.4.2 Autologous α2M administration  

Autologous administration refers to a medical procedure where a patient's own biological 

materials, such as  blood, are collected, processed, and then reintroduced into the same patient's 

body for therapeutic or diagnostic purposes. For α2M, the process involves concentrating this 

protein from the patient's blood plasma or serum. This concentrated α2M is then injected into 

joints, especially in conditions where excessive protease activity, such as in osteoarthritis (OA), is 

a contributing factor (reviewed in Troeberg and Nagase, 2012). The aim of this therapy is to utilise 

α2M to inhibit the activity of destructive proteases, particularly when uncontrolled protease 

activity leads to tissue damage, inflammation, or degenerative conditions. 
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The current evidence regarding the use of concentrated α2M injections for treating OA primarily 

relies on animal models. However, these models suggest that administering concentrated α2M 

into knee joints has the potential to significantly decrease levels of inflammatory infiltration and 

alleviate cartilage and bone damage (Wang et al, 2014). This approach shows potential for OA 

treatment. However, it's important to note that there are certain limitations when it comes to its 

clinical application. Notably, the studies use α2M purified from human serum, a process that can 

be time-consuming and expensive. 

As an alternative approach, rather than the purification and concentration of α2M, blood plasma, 

which contains other highly beneficial components in addition to α2M, can be concentrated into 

platelet-rich plasma (PRP). This method offers an alternative strategy for harnessing the 

therapeutic potential of these naturally occurring components. 

Clinical studies suggest that injecting platelet-rich plasma (PRP), where concentrated α2M is a key 

component in this considering it abundance in blood plasma, seems to alleviate osteoarthritis 

symptoms and stimulate cartilage growth (Tavassoli et al, 2019., Louis et al, 2021). However, an 

important consideration is the limited current studies and mixed evidence of effectiveness of this 

therapy that is dependent on the measurement system used for assessing efficacy and response 

to treatment (Di et al, 2018). With five different scoring systems currently accepted including 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), International Knee 

Documentation Committee (IKDC), Knee Injury and Osteoarthritis Outcome Score (KOOS), 

EuroQol visual analogue scale (EQ VAS) and Tegner score. But as highlighted by Di et al (2018) 

systematic review of randomized controlled trials that used these different scoring systems, PRP 
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that contained concentrated plasma α2M was only found effective when using WOMAC to define 

efficiency and response to treatment. In addition, there another limitation is the ambiguity in 

defining PRP, with the concentration of α2M undetermined but assumed to be increase as the 

plasma is concentrated.  

Autologous administration of plasma rich in α2M is a novel therapy with the potential for 

significant therapeutic opportunities. Concentrating plasma proteins such as α2M is relatively 

low-cost, minimally invasive and eliminates risk of rejection. But requires further investigation to 

determine actual therapeutic benefits in vivo.  

 

1.4.3 Recombinant bait region mutant α2M 

Recombinant technologies enable the generation of α2M with purposeful genetic modification 

to alter the bait region and thereby expand or narrow α2M’s protease trapping ability. For the 

purposes of this thesis, recombinant α2M bait region mutant was abbreviated to rα2M in this 

section. The bait region in α2M, which is a 38-amino acid sequence  , plays a crucial role in 

protease inhibition. As previously established, α2M is distinctive among protease inhibitors due 

to its capacity to bind to virtually all known proteinases in humans. Nonetheless, there are certain 

proteases produced by microorganisms that are not completely inhibited or only partially 

inhibited by human α2M. For example, proteases produced by Clostridium perfringens (Wolf et 

al., 1992), and Serratia liquefaciens (Wolf et al., 1991). Achromobacter lyticus lysyl endopeptidase 

is an example of a protease produced by a microorganisms that are not completely inhibited by 
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α2M. This is thought to be due to lysyl endopeptidase requiring a lysyl residues in the bait region 

to be cleave (Sakiyama and Masaki, 1994), which human α2M lacks.  

Early studies in rα2M intended to investigate whether mutation in the bait region could expand 

the types of proteases that α2M could inhibit while maintaining its original inhibitory activity of 

human α2M. In the study by Ikai et al (1999), they effectively engineered rα2M by replacing an 

Arginine codon with a lysine codon. They discovered that the rα2M with the lysine codon could 

inhibit Achromobacter lyticus lysyl endopeptidase protease activity, unlike the wildtype human 

α2M. Interestingly, while mutations at two different locations for lysine codon mutation at either 

codon 692 or 696 were made, only the mutation at codon 696 exhibited any inhibitory activity 

(Ikai et al, 1999). However, this inhibitory effect was only partial and inefficient as it required 5 

to 10 times molar excess of the rα2M over lysyl endopeptidase to observe the reported inhibitory 

activity (Ikai et al, 1999). Moreover, mutations at both codon locations for rα2M decreased the 

inhibitory efficiency of other proteases such as trypsin by rα2M.  

More recently, the emphasis of rα2M studies has shifted towards modifying human α2M to 

possess targeted protease inhibitory capabilities rather than broadening its scope. In a study by 

Harwood et al (2021), they engineered an rα2M featuring a repetitive glycine-serine codon 

sequence in the bait region, this sequence, when tested against 12 proteases, showed no activity.  

By inserting an appropriate cleavage site into this sequence, selective protease inhibitory activity 

against trypsin was demonstrated (Harwood et al, 2021). Yet, a notable limitation of this 

approach was highlighted as a result of this study, in that some proteases do not have a specific 

sequence that would allow for selective binding. This was demonstrated in the study by Harwood 
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et al (2021), for MMP2 substrate sequences within the human α2M bait region, which instead 

revealed sequences that generically cleaved MMP motifs. Although this generic sequence makes 

the α2M bait region highly effective in cleaving multiple proteases within a motif, it limits the 

potential for engineering α2M for specific proteases within a motif. Nevertheless, artificially 

altering proteinase inhibitory spectrum still would offer a wide range of potential applications, 

including significant research and therapeutic purposes, with the ability to expand or narrow 

inhibitory activity of this protein to specific proteases and their motifs.  

 

1.4.4 Drug-induced alternative conformation of α2M  

Considering that numerous functions of α2M are dependent on specific conformations, an 

intriguing avenue of research involves the identification of drugs or drug-like compounds capable 

of inducing alternative conformations in α2M. As discussed earlier, α2M exhibits various 

functionally distinct conformations (Figure 2). The induction of alternative conformations in α2M 

provides the prospect of broadening the systemic availability of specific protein functions, 

presenting a potentially novel approach in the treatment of disorders associated with protein 

misfolding and inflammation. 

An early example of this approach involved the use of cisplatin, a chemotherapy medication. 

Binding of cisplatin to α2M generates a transformed-like conformation, with this alternative 

conformation referred to as Macroglobulin Activated for Cytokine binding (MAC). The resulting 

MAC proteins lost their function in protease trapping but were found to have enhanced binding 

to TNF-α and IL-1β in vitro (Webb and Gonias, 1998., Zia et al, 2018). Subsequent investigations 
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using animal models demonstrated that generation of MAC regulated the inflammatory response 

of macrophages and proinflammatory cytokines, potentially offering a protective effect on nerve 

tissue degeneration associated with peripheral nerve injuries (Arandjelovic et al, 2007). 

Interestingly, migration of MAC in native page appears to be modestly faster than native α2M, 

but not as fast as transformed α2M generated by reaction with proteases (Arandjelovic et al, 

2007). It is thought that cisplatin may be replacing nucleophilic protein groups with platinum (II) 

from highly stable bonds that lock α2M into a semi-transformed conformation. Such interactions 

might restrict the conformational changes of the modified protein and potentially explain the 

loss of protease inhibitory activity in MAC (Gonias et al, 1984). 

Recently, the Wyatt laboratory have investigated the potential of several drug compounds 

including N-acetylcysteine, hydrazine sulfate and several phenolic compounds, to modify the 

conformation of α2M (Georgiou et al, unpublished data., Saviane et al, unpublished data). The 

results of preliminary studies show that treatment of α2M with phenolic compounds including 

caffeic acid (CA), rosmarinic acid (RA) and salvianolic acid β (Saβ) induce the formation of α2M 

species that migrate similar to hypochlorite-modified α2M dimers by native gel electrophoresis 

(Georgiou et al, unpublished data). This observation supports the idea that phenolic compounds 

may have the potential to unlock the chaperone activity and anti-inflammatory activities of α2M 

that are greatest when α2M is induced to form dimers.  
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1.5. Phenolic compounds 

Phenolic compounds are a diverse group of chemical compounds found abundantly in various 

plant sources, including fruits, vegetables, whole grains, nuts, seeds, spices, and beverages like 

tea, coffee, and wine. They are characterised by a phenol group, which consists of an aromatic 

ring bonded to a hydroxyl group.  

Phenolic compounds are known for their diverse biological activities and health benefits 

(reviewed in Albuquerque et al, 2020). CA, RA and Saβ belong to the phenolic compound family 

of hydroxycinnamic acid compounds. These compounds have a C6-C3 carbon backbone and are 

derived from cinnamic acid via hydroxylation or methylation.  

CA (3,4-dihydroxycinnamic acid; Figure 3) is abundant in various plant sources such as coffee, 

fruits, and vegetables. It possesses antioxidant properties, helping to combat oxidative stress and 

free radical damage within the body (Gülçin, 2006., Maurya and Devasagayam, 2010).  

Additionally, animal models demonstrate anti-inflammatory and neuroprotective effects via 

modulating signalling pathways (Huang et al, 2018., Paciello et al, 2020) and synaptic plasticity 

Chang et al, 2019).  

RA is found in herbs such as rosemary, oregano, and mint. Chemically, it is formed as an ester of 

caffeic acid with 3,4-dihydroxyphenyllactic acid (Figure 3). Saβ also contains an CA molecule but 

with three molecules Danshensu [(R)-3- (3, 4-Dihydroxyphenyl)-2-hydroxypropanoic acid] 

attached (Figure 3).  Saβ is derived from the root of Salvia miltiorrhiza and has been used in 

traditional Chinese medicines for its benefits in cardiovascular health (reviewed by Chen et al, 
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2017). Both RA and Saβ demonstrate strong antioxidant and anti-inflammatory properties. 

Similar to CA, animal studies of both RA and Saβ have also show these compounds have a 

neuroprotective effect, as well as an anticancer effect through modulating signalling pathways 

(Lv et al, 2020., Zhang et al, 2018., Mahmoud et al, 2021).  
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Figure 3. Chemical structure of (A) CA, (B) RA and (C) Saβ.  
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1.6 Project Overview  

Preliminary studies performed in the Wyatt laboratory have identified that incubation of native 

α2M with phenolic compounds including CA, RA and Saβ induce the formation of species that 

migrate similar to hypochlorite-induced α2M dimers by native gel electrophoresis (Georgiou et 

al, unpublished data., Saviane et al, unpublished data). The purpose of this study is to 

characterise phenolic compound-modified α2M and compare its function to that of hypochlorite-

modified α2M. Considering the enhanced chaperone and anti-inflammatory activities of 

hypochlorite-modified α2M, the experiments performed in this study are an important first step 

towards understanding if phenolic compounds might be suitable for targeting these properties 

of α2M in vivo. In this report phenolic compounds-modified α2M will be represented by the 

compound's abbreviation followed by "α2M." For example, CA-modified α2M will be abbreviated 

to CA-α2M, RA-modified α2M to RA-α2M and Saβ-modified α2M to Saβ-α2M.  

 

1.6.1 Hypothesis 

It is hypothesised that treatment of native α2M with CA, RA or Saβ will have similar structural and 

functional consequences to the treatment of native α2M with hypochlorite in vitro.   

Specifically, treatment of native α2M with the aforementioned phenolic compounds will enhance 

the holdase-type chaperone activity of α2M and reveal the cryptic binding site for LRP-1.  

 

 



BTEC9200 A/B Research Project – Thesis   ID:2263048 

Page 30 of 85 
 

 

1.6.2 Project Aims 

1. To purify native α2M from human blood plasma 

2. To treat α2M with CA, RA or Saβ under conditions that induce its dissociation into dimers. 

3. To characterise the effect of treatment with phenolic compounds on:  

i. The chaperone activity of α2M  

ii. The binding of α2M to the surface of cells expressing LRP-1 in vitro.  
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2 METHODS AND MATERIALS  

2.1 Materials and reagents 

Table 1. Reagent consumables used in this project.   

Reagent Manufacture 

2-mercaptoethanol (2-ME) Sigma Aldrich 

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) VWR Chemicals 

Acrylamide/Bis-acrylamide, 30% solution Sigma Aldrich 

Alzheimer’s disease associated amyloid beta peptide (Aβ1-42) Thermo Fisher Scientific 

Ammonium persulfate ((NH4)2S2O8) Sigma Aldrich 

Ammonium Chloride (NH4Cl) Sigma Aldrich 

Ampicillin sodium salt Sigma Aldrich 

Biotin Sigma Aldrich 

Bromophenol blue Sigma Aldrich 

Bis-ANS Thermo Fisher Scientific 

Bovine serum albumin (BSA) Thermo Fisher Scientific 

Caffeic acid Sigma Aldrich 

Clarity western ECL substrate luminol/enhancer solution Bio-Rad 

Clarity western ECL substrate peroxide solution Bio-Rad 

Dimethyl sulfoxide Sigma Aldrich 

Dulbecco’s-modified eagle medium (DMEM)/F-12 HAM (DMEM-F12) Sigma Aldrich 

Disodium phosphate (Na2HPO4) Sigma Aldrich 

Deoxyribonuclease I (DNAse1) Thermo Fisher Scientific 

EDTA-free Complete Protease Inhibitor Cocktail Sigma Aldrich 

Ethanol 100% undenatured Chem-Supply 

Ethylenediaminetetraacetic acid (EDTA) Sigma Aldrich 

Foetal bovine serum (FBS) Sigma Aldrich 

Glutamax Sigma Aldrich 

Glutathione Sigma Aldrich 
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Glycerol Sigma Aldrich 

HRP streptavidin Thermo Fisher Scientific 

Imidazole Sigma Aldrich 

InstantBlue Commassie protein stain abcam 

Isopropyl β- d-1-thiogalactopyranoside (IPTG) Sigma Aldrich 

Luria-Bertani (LB) agar powder Thermo Fisher Scientific 

lysozyme Thermo Fisher Scientific 

Luria-Bertani (LB) broth base powder Thermo Fisher Scientific 

Millipore anti amyloid beta WO2 Thermo Fisher Scientific 

Magnesium chloride (MgCl2) Sigma Aldrich 

Nutrient Mixture F12 (F12K) Sigma Aldrich 

Potassium chloride (KCl) Sigma Aldrich 

Potassium phosphate monobasic (KH2PO4) Sigma Aldrich 

Precision plus protein dual Xtra standards Bio-Rad 

Rabbit anti-mouse IgG HRP Thermo Fisher Scientific 

Rosmarinic acid (RA) Sigma Aldrich 

Salvianolic acid β (Saβ) Sigma Aldrich 

Skim milk powder Coles 

Sodium azide (Az) Sigma Aldrich 

Sodium chloride (NaCl) Chem-supply 

Sodium dodecyl sulfate Sigma Aldrich 

Sodium hypochlorite (NaOCl) Sigma Aldrich 

Sodium hydroxide (NaOH) Sigma Aldrich 

Streptavidin-Alexa Fluor 488 (STR-488) Life Technologies 

Tetramethyl-ethylenediamine (TEMED) Sigma Aldrich 

Thioflavin T (ThT) Sigma Aldrich 

Triton X-100 Sigma Aldrich 

Trizma base (Tris) Sigma Aldrich 

Tween 20 Sigma Aldrich 

Zinc sulfate heptahydrate Sigma Aldrich 
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Table 2. Material consumables used in this project.   

Reagent Manufacture 

NuPAGE 3-8% Tris- Acetate Gel, 1.5mm x 10 wells   Thermo Fisher Scientific 

iBlot 2 NC mini stacks Thermo Fisher Scientific 

15 ml centrifuge tubes Accumax  

50 ml centrifuge tubes Accumax  

25cm2
, Cell culture flasks  Cellstar  

75cm2
, Cell culture flasks Corning  

Minisart syringe filter 0.22µM  Sartorius  

Minisart syringe filter 0.45µM Sartorius 

Terumo syringe without needle, 10cc/ml Terumo  

Terumo syringe without needle, 50cc/ml Terumo 

384-well plate  Thermo Fisher Scientific 

 

2.2 General Methods  

2.2.1 SDS-PAGE 

Proteins were analysed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis 

(PAGE),   

SDS-PAGE involved dilution of the proteins in a 4x denaturing loading buffer (200mM Tris, 40% 

(w/v) glycerol, 2% (w/v) SDS, 0.4% (w/v) bromophenol blue, pH 6.8) and electrophoresis using 

1.5mm hand cast 8% Tris-HCl gel in Tris-glycine SDS running buffer (250mM Tris, 14.4% (w/v) 

glycerol, 1% (w/v) SDS). Running time for 15-minutes at 90V, followed by 1-hour at 120V. See 

Appendix Section 7.1.1 for protocol on hand casting SDS-PAGE gels.  
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In some experiments, proteins were reduced by incubating them with 7% (v/v) 2-

mercaptoethanol (2-ME) at room temperature for 5-minutes prior to electrophoresis.  

Protein size was estimated using precision plus protein dual Xtra standards. All gels were stained 

with InstantBlue for 30-minutes and subsequently detained with MilliQ H2O. Stained gels were 

images using a GelDoc imaging system (Bio-rad). 

 

2.2.2 Native-PAGE 

For proteins over 250 kDa (i.e. α2M), samples were diluted using a 4x native loading buffer 

(200mM Tris, 40% (w/v) glycerol, 0.4% (w/v) bromophenol blue, pH 6.8) and electrophoresed 

using NuPAGE 3-8% Tris-Acetate gel (precast) in native Tris-glycine running buffer (250mM Tris, 

14.4% (w/v) glycerol) at 150V for 90-minutes in a XCell Surelock mini-cell system (Thermo Fisher 

Scientific). All native gels were stained and imaged as described in section 2.2.1.  

 

2.2.3 Western Blot 

For Western blot analysis, proteins separated by native or SDS-PAGE were transferred to a 

nitrocellulose membrane using iBlot 2 transfer system (Thermo Fisher Scientific). See Appendix 

Section 7.1.2 for transfer method.   

The membrane was then blocked overnight at 4°C in phosphate-buffered saline with tween 20 

(PBS-T; 1.37M NaCl, 27mM KCl, 100mM Na2HPO4, 18mM KH2PO4, 1% (v/v) tween 20) containing 

10% (w/v) skim milk and 0.01% (w/v) sodium-azide (Az). Proteins of interest were subsequently 
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probed using the primary antibodies (Table 3). Typically, the membrane was incubated for 1-hour 

at room temperature with gentle shaking. The binding of the primary antibody was detected by 

incubating the membrane with a highly cross-absorbed horseradish peroxide (HRP)-conjugated 

secondary antibody (see Table 3) for 1-hour at room temperature with gentle shaking. Between 

each step membranes were washed in PBS-T for 30-minutes. For imaging, bands were visually 

enhanced with Clarity western ECL substrate (1:1 (v/v) luminol/enhancer solution to peroxide) 

and imaged using a Chemidoc imaging system (Bio-Rad). All antibodies were diluted at 

concentrations of 1:1000 – 1:2000, according to the specific manufacturer instructions.  

Alternatively, protein samples were directly pipetted onto nitrocellulose membrane (0.2 µM 

pores) and allowed to dry before blocked and probed following the same methods as the 

Western blotting. 

 

Table 3. Antibodies used in analysis in Western blotting. Lists the primary and corresponding secondary 

antibody with there usage or purpose in this study.  

Primary Antibody Secondary Antibody Usage/Purpose 

-  HRP-conjugated Streptavidin 

(STR-HRP) 

Used for detection of biotinylated proteins. To 

determine if proteins are successfully biotinylated.  

Anti-amyloid β, clone W0-2 Rabbit Anti-mouse HRP 

Polyclonal (IgG)  

Used for detection of Aβ1-42 detection.  
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2.2.4 Protein Quantification  

2.2.4.1 Protein concentration 

To assess the amount of protein within samples, protein concentrations were estimated by 

measuring the absorbance at 280nm (A280) using a Nanodrop 2000C (Thermo Fisher Scientific). 

All measurements were adjusted using the appropriate blank and measured in triplicate. The 

concentration of the proteins was then calculated using the extinction co-efficient (Table 4).  

 

Table 4. Values for quantification of proteins used in this project. Dimeric α2M in this instance refers to 

both the hypochlorite and phenolic compound-modified α2M proteins.  

Proteins Absorbance (1 mg/ml) Molecular weight (g/mol) 

α2M 0.89 720,000 

Dimeric α2M 0.89 360,000 

GST-RAP 1 64,000 

 

2.2.4.2 Densitometry 

As a crude measure of the percentage of proteins in the bands of native or SDS gels, densitometry 

analysis was performed using the Gel Analyzer tool on Image J image processing software.  
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2.3 α2M Purification  

α2M purification involved two parts; (1) preparation of the blood plasma and (2) eluting of 

putative α2M via zinc affinity chromatography (ZAC).  

 

2.3.1 Preparation of blood plasma 

Human blood (~100 ml) was collected from a healthy consenting donor in lithium heparin blood 

collection tubes at SA Pathology, Flinders Medical Centre by a phlebotomist. The blood was 

immediately centrifuged (1300 x g, 10 minutes, 4°C) and the plasma was collected.  The plasma 

(~45 ml) was then supplemented with 1M NaCl, 20 mM HEPES (pH 7.4) and EDTA-free Complete 

Protease Inhibitor Cocktail and filtered (0.45 µM syringe filter).  

 

2.3.2 Zinc affinity chromatography (ZAC) 

Human plasma (as prepared in 2.3.1) was loaded onto a HiTrap chelating HP column (GE 

Healthcare) using a Peristaltic Pump P-1 (Pharmacia). The column was prepared for ZAC according 

to the Manufacturer’s protocol. See Appendix Section 7.1.3.  

After the plasma was loaded, the column was re-equilibrated (1 M NaCl, 20 mM HEPES, pH 7.4) 

using a Peristaltic Pump P-1.Columns were then attached to an AKTA Pure purification system 

(GE Healthcare). Loosely bound contaminants were eluted from the column using 15 mM 

imidazole, 0.5 M NaCl, 20 mM HEPES, pH 7.4. Afterwards, strongly bound proteins including 

putative α2M were eluted using from the column using 500 mM imidazole, 0.5 M NaCl, 20 mM 
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HEPES, pH 7.4. The elution of proteins was monitored using the A280 . The collected protein 

fractions were immediately dialysed in PBS with Az (PBS/Az; 1.37 M NaCl, 27 mM KCl, 100 mM 

Na2HPO4, 18 mM KH2PO4, 0.01% (v/v) Az) at 4°C.  

Eluted proteins were analysed by SDS and native gel electrophoresis as described in Methods 

Section 2.2.1 and 2.2.2, respectively.  

 

2.4 Characterization of phenolic compound-modified α2M 

2.4.1 Inducing alternative α2M conformations.  

To induce transformed α2M conformation, native α2M was diluted in PBS/Az and treated with 

400 mM NH4Cl. The final concentration of α2M was ~0.5 mg/ml and the samples were incubated 

for 2 hours at 37°C.  

α2M was treated with hypochlorite to induce the formation of the dimeric α2M conformation. 

Native α2M was diluted in PBS/Az and treated with either 50 µM or 100 µM NaOCl. The final 

concentration of α2M was ~0.5 mg/ml and the samples were incubated overnight at 37 °C. The 

maximum time proteins were left incubating for was 16 hours.  

α2M was incubated with CA, RA and Saβ, using the same protocol as hypochlorite. The only 

difference was that α2M was incubated with either 100 µM or 400 µM of phenolic compound. 
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2.4.2 Bis-ANS assay 

To assess exposed hydrophobic regions on α2M, a bis-ANS assay was performed. α2M was diluted 

in PBS/Az and loading into the wells of a 384-well plate at a concentration of 50 µg/ml. Bis-ANS 

was diluted in PBS/azide and added to the wells at a final concentration of 10 µM.  Solutions were 

left to incubate for 5 minutes in the dark at room temperature, before endpoint fluorescence of 

bis-ANS (excitation = 355 nm, emission = 480 nm) was measured using a Clariostar plate reader 

(BMG Labtech).  

 

2.5 Chaperone Activity involving phenolic compound-modified α₂M 

2.5.1 ThT assay 

To assess holdase-type chaperone activity of phenolic compound treated α2M ThT assay was 

performed using Alzheimer’s disease associated amyloid beta peptide (Aβ1-42).  Prior to 

performing the ThT assay, α2M treated with hypochlorite or phenolic compounds were dialysed 

in PBS/Az at 4°C. Dialysis was performed as both hypochlorite and phenolic compounds have 

been demonstrated to interact with Aβ1-42 to inhibit aggregation of this peptide (Mañucat-Tan et 

al, 2023., Durairajan et al, 2008., Tu et al, 2018). To ensure the phenolic compounds were 

removed, samples that contained an equivalent concentration of the phenolic compounds in 

PBS/Az (without α2M) were also dialysed and were included in this assay as a dialysis control, 

abbreviated to DC.  

ThT assay was performed on a 384-well plate. The final concentration of samples loaded in the 

wells was 25 µM ThT and a ratio of 1:40 Aβ1-42 to α2M (10 µM Aβ1-42 to 0.25 µM α2M). Phenolic 
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compound-DC were loaded at the same volume as their corresponding phenolic compound-

modified α2M samples. For example, RA-α2M and RA-DC loaded at the same volumes. 

The fluorescence of ThT (excitation = 440 nm, emission = 480 nm) was measured in 10 minute 

intervals using a Clariostar plate reader. Unless otherwise specified, assays ran overnight, with 

the plate incubated at 28°C and periodically shaken at 300 rpm.   

Attempts to optimise conditions for ThT fluorescence of Aβ1-42 were made and included different 

rpms, temperatures, and Aβ1-42 concentrations. However, no lag phase was observed in any of 

the optimisation tests and ThT fluorescence rapidly increased from the very start of every test. 

Attempts at optimizing the results for Aβ1-42 aggregation by slowing rpm, lowering temperature, 

and decreasing Aβ1-42 concentration, did not change this result.  

 

2.6 Cell Surface Binding of phenolic compound-modified α2M in vitro  

2.5.1 Recombinant GST-RAP  

Receptor-associated protein (RAP) tagged with a glutathione S-transferase (GST) tag (GST-RAP) 

plasmid was kindly donated by Dr Jordan Cater (University of Wollongong).  

 

2.5.1.1 Transforming chemically competent BL21 E. coli cells with GST-RAP plasmid 

DNA 

The chemically competent BL21 E. coli cells used in this study were kindly donated by Briony 

laboratory (Flinders University).  
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Thawed cells were incubated in ice for 30 minutes with GST-RAP plasmid DNA (50 µg) and 

subsequently heat-shocked at 42°C for 2 minutes. Then placed back on ice for 5 minutes. Cells 

were then resuspended in LB broth media (1 ml) and incubated at 37°C for 30 minutes with gentle 

shaking. Afterwards, cells were centrifuged and the amount of media previous added (1 ml) was 

removed. Cells were gently resuspended with the remaining supernatant, then spread on LB-agar 

plates containing ampicillin (see Appendix Section 7.1.4.2) and incubated overnight at 37°C to 

obtain colonies for further culturing.  

 

2.5.1.2 Inoculation of GST-RAP from transformed BL21 E. coli cells 

Isolated colonies (see Methods Section 2.5.1.1) were placed in LB broth containing ampicillin and 

cultured overnight at ~200 rpm. Typically, cells were subcultured at a 1:20 dilution of cells to 

fresh LB broth containing ampicillin and returned to culture conditions (37°C with shaking at ~200 

rpm). The cell density was measured using at the absorbance at  600 nm (OD600) until a reading 

of between 0.6 to 1.0 was reached. Once optimum optical density was reached, 1 mM of IPTG 

was added to the cell culture and cells were incubated for another 3 hours to induce GST-RAP 

expression. Afterwards, the cell culture was pelleted and washed twice in PBS/Az by centrifuge 

at 4000 x g for 5 minutes. The washed pellets were stored at -80°C. 

Thawed pellets were resuspended with lysis buffer (1 mg/ml lysozyme, 0.1 mg/ml DNAse1, 0.1% 

(v/v) triton X-100, 10mM MgCl2 and EDTA-free complete protease inhibitor cocktail), repeatedly 

freeze (-170°c)/thawed (+30°c) and subsequently centrifuged at 4000 x g for 20-minutes at 4°c. 

The supernatant was collected and filtered (0.22 µM).  
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2.5.1.3 Glutathione affinity chromatography   

For glutathione affinity chromatography, 3x 1ml GSTrap HP (GE Healthcare; 3ml total bed 

volume) was connected in series. Columns were equilibrated with PBS/Az on AKTA Pure.  

Filtered supernatant (see Methods Section 2.5.1.2) was loaded into equilibrated columns using a 

Peristaltic Pump P-1. Loaded columns were re-equilibrated on the Peristaltic Pump P-1 before 

detaching the columns and once again after the columns were attached to the AKTA Pure. 

GST-RAP was eluted from the columns using a buffer containing 10 mM glutathione and 50 mM 

Tris-HCl. The elution of proteins was monitored using the A280. Protein fractions were 

immediately dialyzed in PBS/Az at 4°c. 

Eluted proteins were analysed by SDS-PAGE under non-reducing conditions, as described in 

Methods Section 2.2.1. Proteins were also quantified as described in Methods Section 2.2.4. 

 

2.5.2 Mammalian cell culture 

All cell cultures were incubated at 37°c in 5% (v/v) atmospheric CO2 under sterile conditions. SH-

SY5Y neuroblastoma cells were used in this study. These were grown in medium composed of 

DMEM-F12 supplemented with 10% (v/v) FBS and 1% (v/v) GlutaMAX. Cells were routinely 

passaged once a week when 50% to 90% confluent by aspiration of growth media and treatment 

with 0.05% (w/v) trypsin-EDTA.. Cells were discarded after 20 passages.  
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2.5.3 Biotinylation of proteins  

Proteins were first dialysed in PBS at 4°C, to remove the Az in the samples prior to biotinylating. 

Proteins were then incubated with 40-fold molar excess of biotin overnight at 4°C with gentle 

shaking. Proteins were then dialysed in PBS/Az at 4°C. Analysis of by Western blotting (see 

Methods Section 2.2.3) was performed to confirm proteins were biotinylated.  

 

2.5.4 Flow cytometry  

Cells (see Methods Section 2.5.2) were isolated for flow cytometry experiments when 70-90% 

confluent by incubation with 5 mM EDTA-PBS. The detached cells were washed by centrifugation 

at 300 x g twice and the cells kept on ice for the duration of the experiment. 

For flow cytometry cell were  resuspended in Hanks' Balanced Salt Solution (HBSS) containing 

0.01% (w/v) BSA (HBSS/BSA) and aliquoted into 1.5 ml tubes, then centrifuged at 300xg for 5 

minutes at 4°C to re-pellet cells. Pelleted cells were resuspended with α2M (50 µg/ml; native, 

hypochlorite-modified or phenolic compound-modified) diluted in HBSS/BSA and left on ice for 

30 minutes before centrifuged again.  Alternatively, some cells were treated with 5 µg/ml GST-

RAP, which were used as an additional control for cell surface binding. All protein ligands were 

biotinylated as in 2.5.3. Cells were then resuspended with streptavidin alexa-fluor 488 conjugate 

(STR-488) diluted with HBSS/BSA at a 1:1000 dilution (STR-488 to HBSS/BSA). Cells were then 

centrifuged again and resuspended in PBS.  

Flow cytometry was performed using a CytoFLEX S (Beckman) to measure fluorescence of bound 

proteins to cell surface receptors. 
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3 RESULTS 

3.1 Purification of α2M 

α2M was purified from human plasma using ZAC via established methods. The chromatogram 

shows that a substantial protein fraction was eluted from the column in the presence of 15 mM 

imidazole (Figure 4A). This is consistent with the elution of loosely-bound contaminants from the 

column.  A smaller fraction of more tightly-bound proteins was eluted from the column in the 

presence of 500 mM imidazole (Figure 4A). This smaller protein fraction included putative α2M. 

The chromatogram shown is representative of two separate experiments. Proteins eluted from 

the column by 500 mM imidazole were analysed by SDS-PAGE under non-reducing (Figure 4B) 

and reducing conditions (Figure 4C). Under non-reducing conditions, the band with a molecular 

weight above 250 kilo Daltons (kDa) corresponds with the anticipated size of the disulphide-

linked α2M dimer, which is 360 kDa.  

In the first attempt to purify α2M (Lane 1 in Figure 4B and 4C), aside from the band corresponding 

to the anticipated size of α2M, there are several additional protein bands present. These bands 

indicate a notable level of contamination in the sample compared to a subsequent effort to purify 

α2M using the same method (Lane 2 in Figure 4B and 4C). Under non-reducing conditions, 

contaminating protein bands present after the first attempt (Lane 1 in Figure 4B) migrate to two 

distinct regions that correspond with the expected sizes of human serum albumin (HSA; 66.5 kDa) 

and immunoglobulins (~150 kDa). 
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Under reducing conditions, a band corresponding to the anticipated size of the α2M monomer 

(180 kDa) was evident in protein fractions obtained from both purification attempts. However, 

although this band predominated in the protein fractions from the second purification attempt, 

it constituted only 19% of the protein in the fraction acquired from the initial purification 

attempt, as determined through densitometry analysis. Due to the notable contamination 

observed in the protein fraction from the first α2M purification attempt, this protein was not 

used for subsequent experiments. 

From the initial ~45 ml of blood plasma, the fraction obtained from the second purification 

attempt yielded a total of 6.28 mg of purified α2M, as estimated using a  nanodrop. 
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Figure 4. Purification of α2M from human blood plasma using ZAC. (A) Chromatogram depicting the 

elution of plasma proteins from a Hitrap chelating HP column prepared for ZAC. Proteins were eluted at 

a flow rate of 1 ml/min. (B) SDS gel image illustrating proteins eluted by 500 mM imidazole from two 

attempts to purify α2M (1 and 2) under nonreducing conditions. (C) Corresponding samples from (A) under 

reducing conditions. Precision plus protein dual Xtra standards (L; shown in kDa) are included for 

comparing protein sizes. 
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3.2 Characterization of phenolic compound-modified α2M 

3.2.1 Native PAGE 

Following treatment with phenolic compounds (see Methods Section 2.4.1), the migration 

pattern of α2M was examined using native gel electrophoresis. To evaluate the degree of α2M 

dissociation, controls such as native α2M, transformed α2M (electrophoretically fast), and 

hypochlorite-modified α2M were included.  

Native α2M migrated as a single band (Lane 1 in Figure 5). In contrast, α2M treated with 

NH4Clmigrated in two distinct bands. The slightly faster-migrating band corresponded to 

transformed α2M, constituting 68% of the protein, as determined by densitometry analysis (Lane 

2 in Figure 5). The upper band aligned with native α2M, representing α2M tetramers that had not  

undergone transformation following pre-treatment with NH₄Cl. Hypochlorite-modified α2M also 

migrated in two bands, but the faster  band was significantly lower on the gel compared to 

transformed α2M (Lane 3 in Figure 5). The faster band in the  hypochlorite-modified α2Msample  

corresponds to dimeric α2M, which, at 360 kDa, moves more rapidly than tetrameric α2M (720 

kDa) by native gel electrophoresis. 

The native gel reveals that incubation with phenolic compounds led to the formation of putative 

tetrameric and dimeric α2M species, which migrated similarly but not identically to well-

characterized α2M tetramers and dimers (Figure 5). Specifically, the putative tetrameric species 

migrated slightly faster than native α2M but not as fast as transformed α2M. This difference is 

particularly evident for proteins treated with 400 µM of phenolic compound, indicating a dose-

dependent effect (Lanes 5, 7, and 9 in Figure 5). Similarly, the putative dimeric α2M, generated 
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after pre-treatment with phenolic compounds, migrated slightly faster than hypochlorite-

modified α2M dimers. These findings were consistently reproducible across several experiments. 

Under the conditions used, the dissociation of α2M induced by phenolic compounds was only 

partial, and this effect was observed with all three tested compounds. 

Pre-treatment with RA at concentrations of 100 µM and 400 µM (Lanes 4 and 5 in Figure 5) 

resulted in the dissociation of 16% and 35% of α2M, respectively, as determined by densitometry.  

Pre-treatment with CA at 100 µM and 400 µM (Lanes 6 and 7 in Figure 5) resulted in the 

dissociation of 12% and 21% of α2M, respectively, while pre-treatment with Saβ at 100 µM and 

400 µM (Lanes 8 and 9 in Figure 5) resulted in the dissociation of 9% and 44% of α2M, respectively. 

In comparison, pre-treatment of α2M with 50 µM hypochlorite dissociated approximately 25% of 

α2M. Therefore, in terms of inducing α2M dissociation, in order of potency hypochlorite >> Saβ, 

RA > CA. In all α2M samples treated with phenolic compounds, native gel electrophoresis 

detected small amounts of high molecular weight species (>720 kDa), but these represented less 

than 5% of the total proteins in all cases (Figure 5). 
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Figure 5. Analysis of α2M treated with phenolic compounds using Native PAGE. Native α2M (0.5 mg/ml) 

was exposed to either 100µM or 400µM RA, CA, or Saβ in PBS overnight at 37°C. (Lane 1) Native α2M; 

(lane 2) α2M treated with 400 mM NH₄Cl; (lane 3) α2M treated with 50 μM NaOCl; (lane 4) α2M treated 

with 100 µM RA; (lane 5) α2M treated with 400 µM RA; (lane 6) α2M treated with 100 µM CA; (lane 7) α2M 

treated with 400 µM CA; (lane 8) α2M treated with 100 µM Saβ; (lane 9) α2M treated with 400 µM Saβ. 

 

3.2.2 Bis ANS assay 

To gain deeper insights into the impact of phenolic compound treatment on α2M, a bis-ANS assay 

was performed, using native α2M and hypochlorite-modified α2M as controls. In line with 

previously reported findings (Wyatt et al., 2014), treatment with hypochlorite significantly 

(P<0.01) elevated the bis-ANS fluorescence, indicative of increased surface-exposed 

hydrophobicity in α2M. However, the results demonstrate that all phenolic compound-modified 

α2M preparations had reduced (P<0.01)  surface-exposed hydrophobicity compared to native 

α2M (Figure 6). Specifically, relative to native α2M, the bis-ANS fluorescence was 5-, 3.5-, and 2.5-
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fold lower for α2M preparations that had undergone pre-treatment with CA, RA, and Saβ, 

respectively.  

When comparing the ability of the three phenolic compounds to reduce surface-exposed 

hydrophobicity, statistical analysis using one-way ANOVA indicated no significant difference 

between the effects of the three compounds on bis-ANS fluorescence. 

 

 

Figure 6. Assessment of exposed surface hydrophobicity in phenolic compound-modified α2M dimers 

as measured by bis-ANS fluorescence. The presented data represent the mean bis-ANS fluorescence 

(AFU) ± SD (n = 10) derived from two independent experiments, with background subtraction (10 µM bis-

ANS in PBS) applied to all results and normalization to a starting point of zero. * P<0.01. 
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3.3 Chaperone Activity of phenolic compound-modified α₂M 

3.3.1 ThT assay 

The ThT assay was conducted to evaluate the impact of phenolic compounds on the ability of 

α2M to  inhibit Aβ1-42 aggregation in vitro (Figure 7). Controls used in this assay included Aβ1-42 

alone, Aβ1-42 incubated with native α2M, and Aβ1-42 incubated with hypochlorite-modified α2M. 

To determine statistical significance, the endpoint ThT fluorescence results were utilized to 

assess the effectiveness of phenolic compound-modified α2M in inhibiting Aβ1-42 aggregation 

compared to the native form (Figure 8). 

In this study, Aβ1-42 (in isolation) exhibited rapid aggregation, with no apparent lag phase 

observed across all replicates. ThT fluorescence began to show signs of stabilization around 400 

minutes (6 hours, 40 minutes) (Figure 7). Furthermore, there was notable variability in ThT 

fluorescence for Aβ1-42, a characteristic that remained consistent throughout the assay. 

Nevertheless, the results for Aβ1-42 displayed a substantial curve with elevated ThT 

fluorescence, aligning with the anticipated behavior. 

Native α2M, when incubated with Aβ1-42, displayed a substantial curve akin to Aβ1-42 alone, 

although with a lower ThT fluorescence measurement (Figure 7). While the mean ThT 

fluorescence for native α2M suggested a potential inhibitory effect, there was no statistically 

significant difference between native α2M incubated with Aβ1-42 and Aβ1-42 alone, as 

determined by one-way ANOVA analysis (Figure 8). In line with published research (Wyatt et al., 
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2014), hypochlorite-modified α2M, when incubated with Aβ1-42, significantly reduced ThT 

fluorescence, indicative of its capacity to inhibit Aβ1-42 aggregation (Figure 7). 

When CA-α2M was incubated with Aβ1-42, the ThT fluorescence appeared similar to that of the 

sample containing native α2M (Figure 7). However, in contrast to native α2M, CA-α2M did show 

a significant reduction (P<0.01) in ThT fluorescence at the end-point of the assay, as determined 

by one-way ANOVA (Figure 8). This reduction is likely attributed to CA-α2M exhibiting lower 

variations in endpoint ThT fluorescence, the point at which statistical analysis was conducted. 

Notably, while the mean ThT fluorescence for CA-α2M started to stabilize around 200 minutes (3 

hours, 20 minutes), the variability in ThT fluorescence markedly decreased, becoming relatively 

consistent between replicates around 800 minutes (13 hours, 20 minutes). 

Incubation of RA-α2M with Aβ1-42 led to an initial rise in ThT fluorescence within the first 30 

minutes, followed by a gradual decline for the remainder of the assay (Figure 7). Notably, the 

endpoint ThT fluorescence for RA-α2M was significantly reduced (P>0.01) compared to that of 

the Aβ1-42 sample containing hypochlorite-modified α2M (Figure 8). Incubation of Saβ-α2M with 

Aβ1-42 also exhibited lower ThT fluorescence compared to the Aβ1-42 sample containing 

hypochlorite-modified α2M (Figure 7). However, statistical analysis using one-way ANOVA 

revealed no significant difference between the ThT fluorescence of the Aβ1-42 samples containing 

Saβ-α2M or hypochlorite-modified α2M at the endpoint of the assay (Figure 8). In comparison, 

CA-α2M had the least impact on Aβ1-42 aggregation, resulting in higher ThT fluorescence than 

Aβ1-42 samples containing either RA-α2M or Saβ-α2M at the end-point of the assay (P<0.01 and 

P<0.05, respectively) (Figure 8). There was no statistical significance between the ThT 
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fluorescence of Aβ1-42 samples containing RA-α2M or Saβ-α2M at the end-point of the assay, as 

determined by one-way ANOVA. 

 

 

Figure 7. ThT assay illustrating the effect of phenolic compound-modified α2M on the aggregation of 

10µM Aβ1–42. The presented data represent the mean ThT fluorescence (AFU) ± SD (n = 3), with 

background fluorescence subtracted from all results. Incubation occurred at 28°C with shaking at 300 rpm.  
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Figure 8. Graph showing the endpoint ThT fluorescence of Aβ1-42 incubated in the presence of phenolic 

compound treated α2M. The ThT fluorescence shown is from the last measurements from each of the 

phenolic compound-modified α2M from figure 3. The data shown are the mean endpoint ThT fluorescence 

(AFU) ± SD (n = 3). *P<0.01, **P<0.05.  
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3.3.1.1 Western blot analysis of endpoint ThT samples 

To better understand the results from the ThT assay, endpoint samples were subjected to 

Western blotting analysis to visualize proteins in the soluble and insoluble fractions (Figure 9). 

Under these conditions, soluble Aβ1-42 migrated freely through the gel (Lane 1 in Figure 9), while 

insoluble fibrillar Aβ1-42 couldn't enter the gel and remained in the wells (Lane 2 in Figure 9).  

An unexpected observation was the absence of soluble Aβ1-42 in the sample co-incubated with 

hypochlorite-modified α2M. Hypochlorite-modified α2M has previously demonstrated the ability 

to prevent Aβ1-42 aggregation and maintain its solubility (Wyatt et al., 2014). Samples of 

phenolic compounds in PBS, dialyzed as a control to ensure the removal of phenolic compounds, 

were also included in both the ThT assay and Western blot analysis (Lanes 4, 6, and 8 in Figure 

9). Soluble Aβ1-42 was not detected in any of these samples. Unexpectedly, the sample co-

incubated with CA-DC (Lane 8 in Figure 9) lacked detectable Aβ1-42, suggesting a potential error 

during sample loading. 

Interestingly, a band migrating a short distance into the gel (>250 kDa) was detected when  Aβ1-

42 was co-incubated with phenolic compound-modified α2M  (Lanes 5, 7 and 9 in Figure 9).  
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Figure 9. Detection of soluble and insoluble Aβ1-42 post ThT assay via Western blot analysis. (Lane 1) 

Soluble Aβ1-42; (Lane 2) Insoluble fibrillar Aβ1-42; (Lane 3) Co-incubation of hypochlorite-modified α2M 

and Aβ1-42; (Lane 4) Co-incubation of RA-DC and Aβ1-42; (Lane 5) Co-incubation of RA-α2M and Aβ1-42; 

(Lane 6) Co-incubation of Saβ-DC and Aβ1-42; (Lane 7) Co-incubation of Saβ-α2M and Aβ1-42; (Lane 8) Co-

incubation of CA-DC and Aβ1-42; (Lane 9) Co-incubation of CA-α2M and Aβ1-42. The arrow indicates the 

presence of bands where Aβ1-42 has entered the gel. Precision plus protein dual Xtra standards (L; shown 

in kDa) are included for size comparison of proteins. 
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3.4 Cell Surface Binding of phenolic compound-modified α2M in vitro  

3.4.1 Purification of Recombinant GST-RAP  

Recombinant GST-RAP was purified using glutathione affinity chromatography. The 

chromatogram illustrates a single protein fraction eluted from the column in the presence of 10 

mM glutathione (Figure 10A). The protein fraction underwent analysis on SDS-PAGE under non-

reducing conditions (Figure 10B). 

A distinct band at approximately 67 kDa, corresponds to the expected size of GST-RAP at 64 kDa. 

Low molecular weight band contaminants, relative to the presumed GST-RAP, are visible around 

37 kDa. Additionally, contaminants at 250 kDa and 100 kDa are observable. 
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Figure 10. Purification of recombinant GST-RAP by glutathione affinity chromatography. (A) 

Chromatogram of elution (indicated by E) of GST-RAP from GSTrap HP column at flow rate of 1ml/min. (B) 

Purified GST-RAP was analysed by SDS-PAGE under non-reducing. Precision plus protein dual Xtra 

standards (L; shown in kDa) are included for comparison of protein sizes. 
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3.4.1.1 Western blot analysis of biotinylated GST-RAP 

A biotinylated sample of GST-RAP was prepared to facilitate the preliminary investigation of the 

cell surface binding of phenolic compound-modified α2M. GST-RAP serves as an appropriate 

control in this assay because, like transformed and dimeric α2M, it binds to the LRP-1 cell surface 

receptor. 

Initial evaluation through dot blot analysis with STR-HRP indicated successful biotinylation of the 

proteins (data not shown). Subsequent Western blotting analysis revealed the presence of lower 

molecular weight fragments that were also biotinylated (Figure 11). 

Due to uncertainties about the purity of GST-RAP and time constraintsr54 

K, biotinylated GST-RAP from Demi Georgiou (PhD candidate at Flinders University) was utilized 

for this study.  
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.  

Figure 11. Biotinylated GST-RAP analysed by Western blot analysis on SDS-PAGE under nonreducing 

conditions. Precision plus protein dual Xtra standards (L; shown in kDa) are included for comparison of 

protein sizes. 

 

3.4.2 Flow cytometry 

Preliminary investigations were carried out to examine the binding of biotinylated phenolic 

compound-modified α2M to the surface of SH-SY5Y neuroblastoma cells in vitro. As mentioned 

earlier, GST-RAP also binds to this receptor and is therefore utilized as a control for comparing 

cell surface binding.  

The transition of native α2M into the transformed conformation or dissociated dimer exposes the 

normally hidden receptor binding site for LRP-1 (Wyatt et al., 2014). As expected, pre-incubation 
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of SH-SY5Y cells with biotinylated native α2M did not elevate the fluorescence of the cells above 

the level of the background fluorescence (Graph A in Figure 12). In comparison, pre-incubation 

of cells with biotinylated hypochlorite-modified α2M, in which around 50% of the protein was 

dimeric, increased the measured fluorescence to a level above the background fluorescence, 

albeit modestly compared to biotinylated GST-RAP (Graph B in Figure 12). Pre-incubation of the 

cells with biotinylated RA- or Saβ-α2M increased the fluorescence of the cells compared to the 

background fluorescence (Graph C and D, respectively, in Figure 12). One-way ANOVA analysis 

indicated no significant difference between the fluorescence of cells incubated with 

hypochlorite-, RA-, or Saβ-modified α2M. Pre-treatment of SH-SY5Y cells with biotinylated GST-

RAP resulted in a noticeable shift from the background fluorescence, indicating binding to the 

surface of the cells (Graph E in Figure 12). 
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Figure 12. Histograms illustrating the cell surface fluorescence (FITC-A) of SH-SY5Y following incubation 

with phenolic compound-modified α2M or controls, as assessed by flow cytometry. The histograms 

depict the background fluorescence measured after incubating the cells with STR488 alone or biotinylated 

ligands and STR-488 for the respective treatments: (A) native α2M, (B) hypochlorite-modified α2M, (C) RA-

α2M, (D) Saβ-α2M, and (E) GST-RAP. The results are representative of two independent experiments. 
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4 DISCUSSION  

The results of this study provide proof-of-principle data showing that phenolic compounds can 

modify the structure and function of α2M in vitro. While it is evident that phenolic compound 

treatment induces the dissociation of native α2M into dimer-like molecules, these dimers exhibit 

substantial differences from those generated by hypochlorite treatment (Wyatt et al, 2014).  

Currently, there is no published research exploring how phenolic compounds induce the 

dissociation of α2M. Nevertheless, investigations involving HSA have revealed that RA interacts 

at or in proximity to hydrophobic regions of the protein (Peng et al, 2016). Furthermore, studies 

have demonstrated the preferential binding of phenolic compounds, including RA and CA, to 

Sudlow site I, situated in subdomain IIA of HSA, which is an extensive hydrophobic region 

(Papaemmanouil et al, 2020). The potential binding of phenolic compounds at or near the 

hydrophobic interface between non-covalently associated disulfide-linked α2M dimers might 

provide a plausible explanation for the mechanism by which the dissociation of α2M is induced. 

Notably, the dissociation of α2M, as induced by phenolic compounds does not lead to an increase 

in surface hydrophobicity, a characteristic responsible for the heightened chaperone activity of 

hypochlorite-modified α2M dimers (Wyatt et al, 2014). Instead, treatment of α2M with phenolic 

compounds (CA, RA, and Saβ) resulted in a reduction in surface exposed hydrophobicity, even 

lower than that measured for the native α2M conformation.  

Given that the dissociation between the non-covalently associated disulfide-linked α2M dimers 

did not lead to an increase in surface-exposed hydrophobicity, the data supports that the binding 
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of α2M to phenolic compounds is also associated with a conformational change that conceals this 

hydrophobic interface. How this is achieved is not yet known, however, the enhanced 

electrophoretic motility of phenolic compound-modified α2M supports the idea that reaction of 

one or more internal thioester bonds may be induced. Further investigation using DTNB (thiol) 

assay (Simpson, 2008), would be needed to determine the extent to which this occurs. 

Although ThT fluorescence indicated reduced Aβ1-42 aggregation when co-incubated with 

phenolic compound-modified α2M, free soluble Aβ1-42 was not detected in these samples by 

Western Blot analysis at the endpoint of this assay. Instead, soluble Aβ1-42 seemed to migrate 

at the approximate mass of disulfide-linked α2M supporting the idea that phenolic compound-

modified α2M inhibited Aβ1-42 aggregation by binding to the molecule covalently. The potential 

exposure of the reactive internal thioester bond in α2M due to phenolic compound treatment 

might explain this. Further experiments, such as immunoprecipitation are needed to determine 

whether or not a stable complex is formed between phenolic compound-modified α2M and Aβ1-

42 under the conditions used. 

Since soluble Aβ1-42 was not detected Aβ1-42 when co-incubated with hypochlorite-modified 

α2M, which has previously been shown to inhibit Aβ1-42 aggregation via non-covalently binding 

to the peptide (Wyatt et al., 2014), it is possible that soluble Aβ1-42 was present, but  not 

detected in Aβ1-42 samples co-incubated with phenolic compound-modified due to insufficient 

sample loading or storage of the samples prior to Western blot assay. Analysis of end point 

samples from ThT assay by transmission electron microscopy would also help to assess the extent 

to which phenolic compound-modified α2M inhibits Aβ1-42 fibril formation. 
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A limitation in the ThT assays performed in this study, is that the phenolic compounds used are 

known to inhibit Aβ1-42 aggregation in the absence of α2M (Durairajan et al, 2008., Tu et al, 

2018). Despite extensively dialysing phenolic compound-modified α2M prior to all assays, it is 

possible that residual amounts of phenolic compounds remained in the solution. As such, further 

experiments probing the mechanism by which phenolic compound-modified α2M reduces Aβ1-

42 aggregation should include additional controls to determine the lowest concentration at 

which phenolic compounds influence Aβ1-42 aggregation independently.  

Pre-incubation of SH-SY5Y neuroblastoma cells with α2M modified by phenolic compounds (RA 

and Saβ) resulted in a comparable increase in the binding of α2M to the cell surface, akin to the 

effect observed with hypochlorite-treated α2M. This suggests that interaction with phenolic 

compounds potentially exposes the binding site for LRP-1. However, a limitation of this study is 

the absence of experiments to specifically determine whether or not the binding of α2M was 

mediated by LRP-1 or an alternative mechanism. Due to time constraints, it was not possible to 

perform experiments involving pre-treatment of the cells with GST-RAP, which is a pan-specific 

ligand of lipoprotein receptors. Greater insight could also be obtained by treating the cells with 

an inhibitory anti-LRP-1 antibody (Kerr et al, 2010) or performing knock down experiments using 

siRNA (Taylor and Hooper, 2007). In any case, the preliminary results obtained here support that 

phenolic compounds may induce a conformational change that reveals the LRP-1 binding site, 

that is important for the clearance of α2M and its ligand cargo.  
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5 CONCLUSION 

To date, therapeutic strategies targeting α2M have largely focused on locally increasing 

concentrations of the native protein, or generating a pool of transformed α2M by administering 

proteases or drugs. This thesis describes the first attempt to used drug-like compounds to induce 

the dissociation of α2M into dimers that mirror the functions of hypochlorite-modified α2M. 

Surprisingly, although dissociation of α2M appeared to be an effect of treatment with phenolic 

compounds, the dimers generated had distinct properties compared to hypochlorite-modified 

α2M. Specifically, phenolic compound-modified α2M did not appear to inhibit Aβ1-42 aggregation 

via a canonical holdase-type chaperone action involving stabilisation of the peptide in a non-

covalent complex. Further investigations are needed in order to fully elucidate the mechanism 

by which phenolic compound-modified α2M inhibited Aβ1-42 aggregation and whether phenolic 

compound modified-α2M preferentially binds to other disease-associated misfolded protein 

species. Additionally, due to time limitations it was not possible to investigate the cellular 

consequences of the binding of phenolic compound-modified α2M to the surface of cells in vitro 

or to specifically measure the extent to which this is mediated by LRP-1. Further characterisation 

of the functions of phenolic compound-modified α2M and identification of compounds that 

modify α2M with high specificity and potency may lead to the development of novel therapies 

for one or more of the many disorders characterised by protein misfolding and/or chronic 

inflammation.  
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7 APPENDICES 

7.1 Methods and Protocols 

7.1.1 SDS-PAGE Hand cast 8% tris-HCl SDS gel 

Hand cast gels involved the preparation of an 8% resolving polyacrylamide gel solution (total 

volume prepared of 10mL; 4.6 mL MilliQ H2O, 2.7 mL 30% (w/v) Acrylamide:Bisacrylamide 

(37.5:1), 2.5 mL Tris (1.5 M, pH 8.8), 0.1 mL 10% (w/v) SDS, 0.1 mL 10% (w/v) ammonium 

persulfate and 0.006 mL TEMED), with 7ml of the gel solution poured into 1.5 mm-spaced glass 

plates in a Mini-PROTEAN Tetra Cell casting system. This was immediately followed by pipetting 

90% ethanol on top of the gel solution and allowing it to set for 15 minutes.  Once set, the ethanol 

was rinsed out with MilliQ H2O. A 5% stacking gel solution was prepared (Total volume prepared 

of 5mL; 2.8 mL MilliQ H2O, 0.67 mL 30% (w/v) Bis-acrylamide, 0.5 mL Tris (1.0 M, pH 6.8), 0.04 

mL 10% (w/v) SDS, 0.04 mL 10% (w/v) ammonium persulfate, with 0.004 mL TEMED) and was 

poured on top of stacking gel with a 10-well comb inserted and allow to set (~15mins) 

 

7.1.2 AKTA Protocol  

For glutathione-agarose affinity chromatography, zinc affinity chromatography (ZAC) and size 

exclusion chromatography (SEC) an AKTA Pure (GE Healthcare) was used. All buffers used on the 

AKTA system were filtered using a vacuum filter (0.22µm filter membrane) and degassed using a 

Elmasonic P (Elma) for 60-minutes.  
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Before attaching columns, the system was washed with MilliQ (flow rate 5-10ml/min) until A280 

had stabilised and subsequently equilibrated according to manufacturer specifications of the 

column (flow rate 5-10ml/min). The AKTA was paused between changing of buffers.  

Columns were attached at a flow rate of 0.5ml/min and flow rate were increased according to 

column recommended specifications.  

7.1.3 loading proteins onto columns 

A peristaltic pump was used to load syringe filtered (0.22µm) protein samples onto columns for 

purification. Prior to loading, the tubing of the pump was washed (MilliQ) and equilibrated 

according to manufacturer specifications running at an approximate flow rate of 3ml/min for 5-

minutes. The flow rate was slowed to the minimum setting for connecting the columns and flow 

rate was then increased to 1ml/min for loading of protein samples. Proteins samples were on ice 

during loading. Once sample were loaded, the columns were re-equilibrated at the flow rate of 

1ml/min for 15-minutes. Flow rate was slow to minimum setting for disconnection of columns. 

Once removed, 0.1M NaOH was flushed through the tubing at a flow rate of 1ml/min for about 

10-minutes. Tubing was then washed with MilliQ and 20% ethanol at a flow rate of 3ml/min 

before the pump was turned off (filled with 20% ethanol).  

 

7.1.4 Dialysis  

Immediately after elution of proteins by chromatography, proteins were dialysed in PBS/0.01% 

(w/v) sodium azide at 4°c. Dialysis tube or cup used floated in a buffer volume of 2L to 5L. Buffer 
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wash change after a 2-hour (repeated twice) before left overnight. After dialysis, proteins were 

collected and stored at 4°c.  

 

7.1.5 GST-RAP  

7.1.5.1 Preparation of reagents, buffers and culture plates 

LB Broth 

12.5g Broth base powder was dissolved with MilliQ to a final volume of 500ml. The dissolved 

solution was Autoclaved on at 121°c for 20-minutes. Autoclaved LB broth was stored at room 

temperature (sealed) until use.  

 

Ampicillin stock 

Ampicillin stocks were prepared at a concentration of 50mg/ml from ampicillin sodium salts. 

Ampicillin sodium salts (2g) were dissolved in MilliQ to a final volume of 20ml. The ampicillin 

solution was filtered use a 0.22µm syringe filter under sterile conditions. After filtering,1ml 

aliquotes were made and stored at -20°c.  

 

Agar culture plates with ampicillin 

10g of LB agar powder was dissolved in MilliQ to a final volume of 250ml. The dissolved solution 

was Autoclaved on at 121°c for 20-minutes. Working under sterile conditions, Ampicilin was 
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incorporated into the agar solution at a concentration of 100µg/ml. The Agar solution was then 

poured into sterile petri dishes to about halfway and left to dry (with lid on). Dry petri dishes 

were sealed with parafilm and placed (inverted) in a bag that was then sealed. Plates were stored 

at 4°c until use.  

 

Lysis Buffer 

200mg Lysozyme (1mg/ml), four EDTA-free complete protease inhibitor cocktail, 0.4066g 

MgCl·6H2O, 20mg DNAse 1 (0.1mg/ml) and 200µl triton X-100 (0.1% v/v) was combined in MilliQ 

at a final volume of 200ml. This was stored at 4°c until use.  

 

7.1.5.2  Upscale protocol and Incoulation of GST-RAP from transformed BL21 E. coli 

cells 

Isolated single colonies from were collected using the end of a pipette tip, with the tip dropped 

into 5ml of LB broth containing ampicillin (in a 50ml flask) and cultured overnight (~16 hours) at 

37°c with shaking at 200 rpm in an orbital mixer incubator (RAKET). The next day the 5ml of cell 

culture was poured into a 2L flask and the volume was adjusted to 250ml with overnight culture 

condition repeated.  

After the second overnight culture, the optical density at a wavelength of 600nm (OD600) was 

measured (optimal between 0.6 to 1.0) and the cells were subculture using fresh LB broth 

containing ampicillin (100µg/ml), so that OD600 was approximately 0.2. In this case, 200mL of 
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cultured cells were added to a 6L flask and the volume adjusted to 4L. The cells were incubated 

again at 37°c with shaking at 200 rpm) and where OD600 was monitored every hour until 

measuring between 0.6 to 1.0. Once optimum optical density was reached, 1mM of IPTG (0.953g) 

was added to the cell culture and cell were incubated for another 3-hours to induce GST-RAP 

expression. Afterwards, the cell culture was centrifuged at 4000xg for 5-minutes using a 

Multifuge X Pro Series centrifuge (Thermo Fisher Scientific) and the supernatant was removed. A 

total of six 250ml centrifuge flasks () were used. This required the cell culture to be added to 

flask, centrifuged, resuspended with new cell culture and re-centrifuged at least 2x per flask 

before cells were finally pelleted and a wash step performed. The pellets were washed in 

PBS/0.01% (w/v) sodium azide twice by centrifuging at 4000xg for 5 minutes. The washed pellets 

were stored at -80°c.  

The next day the pellets were thawed on ice and resuspended with lysis buffer at a final volume 

of 40ml. The resuspended pellets were freeze (-170°c, liquid nitrogen)/thawed (37°c, incubator) 

three times and subsequently centrifuged at 4000xg for 20-minutes at 4°c. The supernatant was 

collected, and syringe filtered using 0.22µm). 

 

7.1.6 Cryopreservation of SH SY5Y cells 

For cryopreservation, low passage-number cell lines (50% confluent) were suspended in freezing 

medium (50% (v/v) FCS, 40% (v/v) DMEM/F-12, 10% (v/v) dimethyl sulfoxide) and aliquoted into 

sterile cryogenic vials, which were immediately transferred to a Mr. Frosty freezing container 

(Thermo Fisher Scientific) in a −80°C freezer.  



BTEC9200 A/B Research Project – Thesis   ID:2263048 

Page 84 of 85 
 

The frozen cells were transferred to liquid N2 for long term storage. 

 

7.2 Standard curve for determining kDa of GST-RAP.  

 
Figure 13. Standard curve of kDa distance from GST-RAP SDS-PAGE. Distance of ladder were measured 

on the SDS image and converted to log. Linear equation shown on graph.  
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