
 
 

 

Purification and characterization of 

chaperone-active clusterin  
 

Travis Rilea 

 

 

 

 

 

Department of Pharmacology & Therapeutics 

McGill University, Montreal 

April 2017 

 

 

 

 

 

 

A thesis submitted to McGill University in partial fulfillment of the requirements of 

the degree of Master of Science in Pharmacology & Therapeutics 

 

© Travis Rilea, 2017 



2 

 

Table of Contents 
Figures............................................................................................................................................. 4 

Abbreviations .................................................................................................................................. 5 

Abstract ........................................................................................................................................... 1 

Résumé ............................................................................................................................................ 2 

Acknowledgements ......................................................................................................................... 4 

Preface & Contribution of Authors ................................................................................................. 5 

Introduction ..................................................................................................................................... 6 

Alzheimer Disease (AD) ............................................................................................................. 6 

The Amyloid Hypothesis ............................................................................................................ 7 

Forms of Alzheimer Disease ....................................................................................................... 8 

Clusterin ...................................................................................................................................... 9 

Chaperone Proteins ................................................................................................................... 10 

Role of Clusterin in AD ............................................................................................................ 12 

Production of Recombinant Clusterin ....................................................................................... 15 

Objectives .................................................................................................................................. 16 

Results ........................................................................................................................................... 17 

Production of G7 anti-Clusterin antibody ................................................................................. 17 

Assessment of G7 effectiveness ................................................................................................ 20 

Purification of recombinant Clusterin ....................................................................................... 24 

Buffer exchange ........................................................................................................................ 24 

Cation Exchange ....................................................................................................................... 25 

Characterization of recombinant clusterin ................................................................................ 28 

Electron microscopy of liposomes ............................................................................................ 30 

Lipid Binding of Amyloid β species ......................................................................................... 35 

Discussion ..................................................................................................................................... 37 

Production and characterization of recombinant clusterin ........................................................ 38 

Expansion of lipid-binding SPR techniques ............................................................................. 42 

Outlook ...................................................................................................................................... 44 

Materials & Methods .................................................................................................................... 46 

General Chemicals .................................................................................................................... 46 

Fast-Performance Liquid Chromatography (FPLC) ................................................................. 46 



3 

 

Buffers ....................................................................................................................................... 46 

Plasmids .................................................................................................................................... 47 

Cell Culture Media .................................................................................................................... 47 

Consumables ............................................................................................................................. 47 

Eukaryotic Cell Culture:............................................................................................................ 48 

Cell Stocks: ............................................................................................................................ 48 

Transfection of HEK293 cells: .............................................................................................. 49 

Generation of HEK293 stable cell lines: ............................................................................... 50 

SDS-PAGE: ............................................................................................................................... 50 

Western Blotting: ...................................................................................................................... 51 

Coomassie Staining ................................................................................................................... 52 

Preparation of hybridoma conditioning media .......................................................................... 52 

Expression and Purification of G7 antibody ............................................................................. 53 

Immunoprecipitation with G7 antibody .................................................................................... 54 

MALDI-MS verification ........................................................................................................... 54 

Antibody Coupling .................................................................................................................... 55 

Immunoaffinity Column Preparation ........................................................................................ 56 

Clusterin Purification ................................................................................................................ 57 

Affinity Chromatography ...................................................................................................... 57 

Peptide Mass Fingerprinting ..................................................................................................... 58 

Aggregation assay ..................................................................................................................... 59 

Liposome Preparation ............................................................................................................... 59 

Preparation of the Lipid surface ................................................................................................ 60 

Amyloid-β lipid binding ............................................................................................................ 60 

Blocking of SPR reference surface ........................................................................................... 61 

References ................................................................................................................................. 62 

 

 
 

 



4 

 

Figures 
 

Figure 1. Role of clusterin in Alzheimer Disease ........................................................................ 11 

Figure 2. MALDI-MS analysis of immunoprecipitated clusterin ................................................ 19 

Figure 3. Clusterin purification strategy ...................................................................................... 21 

Figure 4. Purification of Recombinant clusterin .......................................................................... 23 

Figure 5.  Characterization of purified clusterin .......................................................................... 27 

Figure 6.  Cryo-Electron Microscopy of liposomes ..................................................................... 29 

Figure 7. Surface Plasmon Resonance analysis of the binding of Ato sphingomyelin surface 

on the L1 sensor chip .................................................................................................................... 32 

Figure 8.  Surface Plasmon Resonance analysis of amyloid-β 42 binding to sphingomyelin on 

the HPA sensor chip...................................................................................................................... 34 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 

 

Abbreviations 
 

AD  

APP  

BSA  

FBS  

HEK293  

IP  

kDa 

MALDI  

MES  

MS  

PBS  

SPR  

SDS- PAGE  

TBS  

Tris  

 

 

 

 

 

 

 

 

 

 

 

Alzheimer Disease  

Amyloid precursor protein  

Bovine serum albumin  

Fetal bovine serum  

Human embryonic kidney 293 

Immunoprecipitation  

Kilodaltons  

Matrix-assisted laser desorption/ionization 

2-(N-morpholino)ethanesulfonic acid  

Mass spectrometry  

Phosphate buffered saline  

Surface Plasmon Resonance  

Sodium dodecyl sulfate – polyacrylamide 

gel electrophoresis  

Tris buffered saline  

Tris(hydroxymethyl)aminomethane 

 

 

 

 

 

 

 

 

 

 



1 

 

Abstract 
 

Alzheimer Disease is one of the largest health care challenges facing our world and is 

projected to become an even greater burden, especially as there is currently no effective 

treatment or cure for the disease.  Although the exact mechanisms involved in the pathogenesis 

of the disease are still unclear, it is hypothesized that accumulation of amyloid-β is the main 

driver of the disease. Amyloid-driven changes in brain physiology occur decades before the 

emergence of the first detectable symptoms.   

Clusterin has been identified by genome-wide association studies as a potential risk factor 

for AD, and studies have shown that clusterin can interact with amyloid-β to prevent 

aggregation, which is a process widely associated with the disease.  

Here we developed key methods and tools for the further investigation of clusterin’s role 

in Alzheimer Disease.  We obtained a monoclonal antibody for clusterin and were able to 

produce a sufficient amount of antibody to create an immunoaffinity column for the purification 

of recombinant clusterin.  Analysis of the final product showed that we produced pure clusterin, 

while assessment of the chaperone activity demonstrated that it retained its biological activity 

through the purification process.  We also expanded on previously developed surface plasmon 

resonance techniques to enable the analysis of clusterin-lipid interactions, which had previously 

been found increased in AD.   

Taken together, the techniques developed by this project provide the foundation for an in-

depth investigation of the role of clusterin in health and in Alzheimer Disease. 
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Résumé 
 

La maladie d’Alzheimer est un des plus grands défis qui face notre système de soins de 

santé, qui est aggravé par le fait que aucun traitement n’existe.  Même si des mécanismes exacts 

qui causent la maladie ne sont La maladie d’Alzheimer est un des plus grands défis auxquels fait 

face notre système de soins de santé, et qui est aggravé par le fait qu’aucun traitement n’existe. 

Même si les mécanismes exacts qui causent la maladie ne sont pas clair, l’hypothèse la plus 

établie est que la suraccumulation du peptide bêta amyloïde est le facteur principal pour la 

pathogenèse de la maladie, et que ces changements peuvent exister des décennies avant 

l’apparition des premiers symptômes détectables. Clusterin a été identifié par des études 

d’association à l’échelle du génome comme un facteur de risque potentiel pour la maladie 

d’Alzheimer. D’autres études ont démontré que la clusterin peut interagir avec des peptides β-

amyloïdes et les empêche d’agréger. Comme l’agrégation de ces peptides est un processus 

associé au développement de la maladie il y a une possibilité réelle que la clusterin pourrait être 

impliqué dans la maladie. Ici, nous avons mis au point des méthodes et outils importants pour 

continuer l’étude du rôle de clusterin dans la maladie Alzheimer. Nous avons exprimé et isolé un 

anticorps contre la clusterin, et avons produit une quantité suffisante pour créer une colonne 

d’immuno-affinité pour purifié la clusterin recombinante. L’analyse du produit final de la 

purification a révélé que nous avons produit une clusterin pure, et l’évaluation de l’activité 

chaperonne a démontré qu’elle avait conservé son activité biologique à travers le processus de 

purification. Nous avons aussi amélioré des méthodes de résonance de surface plasmonique pour 

l’analyse des interactions clusterin-lipides, qui ont déjà été démontré comme étant affectées chez 

les patients atteints de la maladie d’Alzheimer. Prisent ensembles, les techniques développées 
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par ce projet fournissent la fondation pour une étude approfondie sur le rôle de clusterin dans la 

maladie d’Alzheimer. 
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Introduction 
 

Alzheimer Disease (AD) 
 

Alzheimer Disease (AD) is the leading cause of dementia in the western world (1) and 

places an ever-increasing burden on the health care systems of developed nations.  A 2006 model 

predicted that the number of cases would triple from the then-current 26.6 million to nearly 80 

million by 2050 (2).  In the United States alone there are currently over 5 million cases of AD 

(3), making it the 6th leading cause of death and incurring an estimated $100 billion in care costs 

(4).  This cost is amplified by the fact that there is currently no effective cure, treatment, or even 

early diagnostic tool to help fight the disease, making long-term care the only option.  The 

development of any one of these is urgently needed to combat the looming burden to society that 

this disease will impose as the world’s population ages. 

While the etiology of AD remains unclear, it is typically thought to be defined by two 

major processes: the deposition of amyloid plaques (5) and emergence of neurofibrillary tangles 

comprised of the cytoskeletal protein tau (6).  While tau pathology undoubtedly plays an 

important role in the disease, current leading theories of the disease progression focus on the 

contributions of the amyloid plaques and the amyloid-𝛽 peptides. 
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The Amyloid Hypothesis 
 

Amyloid-𝛽 (A𝛽) peptides are a family of peptides produced from the sequential cleavage 

of the amyloid precursor protein (APP) by two membrane-bound secretases, the β and gamma 

secretases (7). This cleavage process results in the generation of various peptide species, of 

which the most studied are the 40- and 42-amino acid long forms, typically referred to as 

amyloid-𝛽 40 (A𝛽40) and amyloid-𝛽 42 (A𝛽42) respectively.   

Although the aggregation of the amyloid-𝛽 peptides into macroscopic plaques in the 

brain is one of the most commonly recognized hallmarks of AD (8), current evidence suggests 

that the pathogenic effect of these peptides occurs at an earlier stage, specifically when they 

come together to form “low-n” oligomers (9), which are still soluble in the extracellular 

space.  The A𝛽42 peptide in particular seems to be the driving species behind cellular toxicity and 

pathogenesis (10), as it has been shown to be much more prone to aggregation (11) and to exhibit 

much stronger toxic effects in-vitro than the A𝛽40 form (12).  Although the key role these 

peptides play in the disease seems to be quite well-established we still lack mechanistic insight 

into the pathways through which amyloid peptides induce toxicity and research into potential 

interaction partners and toxicity mechanisms is expected to yield new insight into the pathology 

of AD. 
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Forms of Alzheimer Disease  
 

Two overarching forms of AD are recognized: familial (also known as early-onset) AD 

(FAD) which results from inherited mutations in one of the key proteins involved in the 

generation of amyloid-β (13), and non-familial (or late-onset) AD which has more diverse and 

largely unknown causes (14).  FAD accounts for approximately 1% of all cases (15) and arises 

mostly from mutations of the APP gene, or the presenillin-1 and presenillin-2 subunits of the 

gamma secretase (16).  Non-familial AD accounts for the vast majority of cases, with 95% of 

patients having this form of the disease (17) which, unfortunately, is much less well-understood 

than the familial form of the disease.  Although there are no direct genetic mechanisms at play in 

non-familial AD there are several gene variants which have been identified through genome-

wide association studies (GWAS) as imparting an increased risk for AD to individuals which 

carry them (18).  One such gene variant is found in the CLU gene, which encodes for the protein 

clusterin (19). 
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Clusterin 
 

Clusterin is a secreted glycoprotein that is ubiquitously expressed throughout the body 

and has diverse roles in many physiological functions (20).  It was first isolated from ram rete 

testis fluid where it was observed to promote clustering of Sertoli cells, giving rise to the current 

widely-used name (21).  Further studies revealed that this protein was the same as several 

previously identified proteins with a wide array of names, tissues of origin, and proposed 

functions (22) including lipid transport and metabolism (23), cell-cell adhesion (24), 

extracellular protein quality control (25), inhibition of cell lysis by the complement system (26), 

sperm maturation (27), and inhibition of apoptosis (28). 

The gene for clusterin is located on chromosome 8 and contains 9 exons (29), which give 

rise to mRNAs for the various isoforms through differential splicing (30).  The major form of 

clusterin is first translated into the ER as a 449-amino acid pre-pro-protein which is then cleaved 

to remove the secretory signal sequence and extensively glycosylated at six N-linked 

glycosylation sites (31). The proprotein is then cleaved again to generate α and β chains which 

remain linked through five disulfide bridges to form the mature protein.  Clusterin is predicted to 

contain two coiled-coil α helices and three amphipathic α helix domains, which likely act as 

molten globule domains (32) and are hypothesized to be key domains for chaperone activity 

(33).  Increases in clusterin expression have been shown to occur in a number of pathological 

processes including myocardial infarction (34), ischemic or pressure-induced kidney damage 

(35), and neurodegeneration, including Alzheimer disease (36).  Despite the numerous processes 

clusterin appears to be involved in, the most likely role for this protein in the context of AD is as 

an extracellular chaperone.   
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Chaperone Proteins 
 

Chaperone proteins are a class of proteins which stabilize partially translated or denatured 

proteins by binding to exposed hydrophobic regions, preventing the formation of insoluble and 

potentially toxic aggregates (37).  Some chaperones, known as folding-helper chaperones, are 

then able to induce the protein to fold correctly in an ATP-dependent (Heat shock protein 90 

(Hsp90), Hsp70, Hsp60) (38) or ATP-independent (calnexin and calreticulin) (39) process, while 

other chaperones merely stabilize the misfolded protein until a folding-helper chaperone is 

available, or until the protein is flagged for degradation (40). 

Many of these proteins are found at sites of protein synthesis in the cytosol and 

endoplasmic reticulum, where they assist in the folding of newly synthesized polypeptides or 

facilitate the refolding of proteins which have been denatured by some insult (41), however there 

are also two known extracellular chaperones, clusterin and haptoglobin, which provide this same 

quality control for extracellular proteins (42).   
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Figure 1. Possible role of clusterin in Alzheimer Disease.  Amyloid-β is generated by the 

sequential cleavage of amyloid precursor protein, which releases the peptides into the 

extracellular space where they aggregate into soluble oligomers and eventually into larger fibrils 

that go on to form amyloid plaques. Clusterin is proposed to interfere with this process at two 

points: the aggregation of individual peptides to form low-n oligomers, and the generation of 

fibrils from these smaller oligomers. 
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Role of Clusterin in AD 
 

  As an extracellular chaperone, clusterin has a demonstrated ability to bind intermediate 

folding states of proteins, stabilizing them into soluble complexes and preventing the formation 

of potentially toxic insoluble aggregates (43). Given that the amyloid hypothesis of AD posits 

that the progression of the disease is driven by the accumulation of insoluble, hydrophobic 

peptide aggregates, the potential for clusterin to act as a chaperone and interact or interfere with 

the process of amyloid-β peptide oligomerization and fibrilization seems intuitive.  Confirming 

this, studies on the specific interactions between clusterin and amyloid peptides have shown that 

clusterin is able to interact with a wide range of aggregation states of Aβ  peptides (Figure 1) 

(44), that it prevents the formation of insoluble fibrils (45), and reduces levels of low-n 

oligomers in-vitro (46).   

While the implication of the CLU gene as an AD risk factor by GWAS and compelling 

evidence in the literature for a direct interaction between clusterin and Aβ  peptides point 

towards a role for clusterin in AD,  the specific mechanisms through which clusterin may play a 

role remain unclear.  One piece of this puzzle may be provided by as-yet unpublished data from 

our laboratory. We used surface plasmon resonance (SPR) to analyze the lipid binding capacity 

of cerebrospinal fluid (CSF) from both AD patients and healthy controls.  It was found that 

injecting CSF from AD patients over a lipid surface produced a greater binding response than did 

non-AD CSF, and mass spectrometry analysis of the bound proteins found that the major protein 

behind this change was clusterin.  Further preliminary experiments did not find increased levels 

of clusterin in CSF from AD patients which suggests that there may be some alteration to the 

function of clusterin in AD, however there are as-yet unanswered questions regarding the role of 

this protein in AD. 
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Firstly, is the alteration in clusterin’s function a result of other aspects of the AD 

pathology, such as amyloid β accumulation, or do changes to clusterin predate the emergence of 

the disease?  If the latter is true then analysis of clusterin function could serve as a biomarker to 

detect individuals who are likely to develop the disease long before the appearance of cognitive 

symptoms or even amyloid-β plaques.  In order to answer this question satisfactorily a thorough 

understanding of the exact alterations that occur to clusterin in AD, and the mechanism through 

which they arise is required.  Determining the mechanisms at play requires the application of 

biochemical techniques such as mutational analysis to understand the impact of AD-linked 

polymorphisms on the function of clusterin, and ideally would include structural data to draw a 

better picture of the role that this protein has in AD. 

Another question is whether clusterin interaction with amyloid-β has functional 

consequences for progression of AD pathology in-vivo.  Even if changes to the activity of 

clusterin are found to be caused by interaction with amyloid-β and thus cannot be used as a 

viable biomarker, clusterin could still play an important role in the progression of the disease.  

For instance, if the chaperone activity of clusterin proves to be protective against amyloid-β 

induced toxicity this finding could open new avenues for the development of therapeutic 

strategies based on sequestering or otherwise neutralizing amyloid-β.  

Answers to these questions and further insight into the role clusterin may play in AD can 

be gained by using techniques such as mass spectrometry, surface plasmon resonance, 

mutagenesis experiments, and in-vitro cell viability assays, however the precursor to performing 

any such experiments is the generation of sufficient quantities of recombinant clusterin for 

analysis. In addition, the experimental techniques used in the pilot SPR studies which first 
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revealed a potential difference in clusterin from AD patients and that from healthy controls 

required further development in order to expand on these previous findings.  
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Production of Recombinant Clusterin 
 

To date attempts to produce recombinant clusterin in the literature have met with limited 

success (47).  Due to the proteolytic processing and high degree of glycosylation required to 

generate the mature form of clusterin, the use of bacterial expression systems to produce a 

recombinant protein which retains the characteristics of native clusterin is not possible.  Despite 

this, previous attempts have been made to express clusterin in bacterial cells (48), as it had been 

shown that clusterin retained chaperone activity after enzymatic de-glycosylation (49) and it was 

not known if proteolytic processing and the resulting α/β chain structure was required for the 

chaperone activity of clusterin. Unfortunately, clusterin expressed in bacteria was found to be 

insoluble as aggregates in inclusion bodies within bacteria and did not show chaperone activity 

after solubilization and purification (50).  Other attempts to express clusterin using yeast systems 

generated a product that was proteolytically degraded (51) while expression of clusterin in insect 

cell lines resulted in a product which was not cleaved into the α- and β-chains (52).   

One study has been published which used a purification protocol for clusterin expressed 

in human embryonic kidney cells (50), which appeared to be properly cleaved and glycosylated.  

Critically, the chaperone activity of the purified product was demonstrated and the recombinant 

protein is regarded as a benchmark for the quality of the recombinant product in comparison to 

clusterin purified from human plasma. 
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Objectives 
 

In this thesis we established a purification method based on published data by Dabbs and 

Wilson (50) for the generation of pure, chaperone active clusterin.  The clusterin produced by 

this method was characterized by mass spectrometry and Western blotting to determine its 

purity, while the physiological activity of purified clusterin was measured using a protein 

aggregation assay. Additionally, we expanded on the previously developed SPR techniques for 

the analysis of clusterin-lipid binding by developing a non-interactive control surface in order to 

further investigate the role this interaction may have in Alzheimer Disease. 
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Results 
 

Production of G7 anti-Clusterin antibody 
 

In order to produce the immunoaffinity column which we planned to use for the first step 

of our clusterin purification strategy we first aimed to produce ~25 mg of anti-clusterin antibody 

to achieve the recommended minimum antibody concentration of 5 mg/mL for a 5 mL affinity 

column.  In order to produce this large amount of antibody we used a hybridoma cell line which 

secretes a monoclonal antibody specific for Clusterin (designated G7), obtained from the lab of 

Mark Wilson.  After being conditioned by confluent G7 hybridoma cultures, harvested media 

containing the antibody was pumped over a protein G column to purify the antibody.  An initial 

bulk A280 absorbance was observed, as the absorbance of various protein components of the 

loaded media created a plateau of 2600 mAU.  Washing the column with 25 mL of PBS did not 

release any material which absorbed at 280 nm.  Elution of the antibody was performed with 100 

mM glycine (pH 2.7) and resulted in a single A280 absorbance peak.  The maximum absorbance 

of this peak varied with yield and was used to provide an initial estimate of the total amount of 

antibody purified.  The supernatant and flow-through was analyzed via Western blotting to verify 

that a maximum yield of antibody was purified from the supernatant, and to show that the 

binding capacity was sufficient to capture all antibody from the harvested media.   
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Figure 2. MALDI-MS analysis of immunoprecipitated clusterin.  An immunoprecipitation was 

performed using the G7 antibody, protein G-sepharose beads, and supernatant from clusterin 

expressing HEK293 cells.  MALDI-MS analysis of the precipitated material (A) showed two 

doublet peaks, one with the major component at 73.655 Da and the second with a major 

component at 146.698 Da.  In-source decay sequencing was used to further verify the identity of 

the protein and was able to detect 8 N-terminal residues and 7 C-terminal residues (B), which are 

highlighted in the amino acid sequence of human clusterin (C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 

 

Assessment of G7 effectiveness 
 

The effectiveness of the purified G7 antibody was assessed by using it to 

immunoprecipitate clusterin from the media of HEK293 cells which stably expressed clusterin 

and secreted it into the media.  Analysis of the immunoprecipitation eluent via MALDI-MS 

(Figure 2) showed a major peak at 73.655 kDa, which is within the range (70-80kDa) of gel 

electrophoresis-derived apparent molecular weight for monomeric clusterin, as reported in the 

literature.  We also observed an additional major peak at 146.701 kDa. The mass of the second 

peak is very close to the predicted mass of a clusterin dimer (147 kDa), however, this is also 

within the predicted mass range for IgG antibodies which is a more likely source for this signal.  

This indicates that the G7 antibody was also eluted from the protein G beads with the 50% acetic 

acid elution buffer, as to be expected. However, the antibody would be covalently coupled to the 

Sepharose material of our immunoaffinity column and thus would not considered to be an issue. 
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Figure 3. Clusterin purification procedure. Purification of clusterin from HEK293 cell media 

was achieved in a three-step process.  Conditioned media was first pumped over an 

immunoaffinity column prepared with an anti-clusterin monoclonal antibody.  The column was 

eluted using 2 M guanidine hydrochloride, and the eluate was immediately buffer exchanged into 

20 mM MES in preparation for the final cation exchange chromatography step.  Clusterin 

purified from media containing fetal bovine serum (FBS) bound to the column and was eluted 

using a 0.0 – 1.0 M sodium chloride gradient.  
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Figure 4. Purification of Recombinant clusterin.  Media harvested from clusterin-expressing 

HEK293 cells was first purified by affinity chromatography using a G7 anti-clusterin 

monoclonal antibody coupled to the column material (A).  Initial loading of media produced a 

large absorbance peak which disapeared as the media loading completed.  Elution from the 

affinity column (C) gerenrated a single peak, the majority of which occupied a volume of 4 mL.  

Combined Western blot and Coomassie analysis showed some residual clusterin in the 

flowthrough, but much less than in the initially loaded media.  The elution fractions showed a 

strong signal for clusterin, but very high molecular weight bands can be seen by Coomassie 

staining which were not immunoreactive.  The protein was buffer exchanged into 20 mM MES 

to prepare for cation exchange and to remove the harsh elution buffer from the sample (D).  

Complete seperation of the protein, visible as the A280 curve, and the elution buffer, visible as 

the peak in couductance, was achieved.  A final cleanup step was performed using cation 

exchange chromatography (E)  
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Purification of recombinant Clusterin 
 

Recombinant clusterin was purified from harvested cell supernatant using a three-step 

process (Figure 3), with fractions collected from the various stages of the process for assessment 

via Western blot and Coomassie staining (Figure 4).  Western blot analysis of the various affinity 

chromatograph stages showed a marked reduction of clusterin signal in the flowthrough fraction 

compared to the initial loading stage. The PBS wash fraction also produced a faint Western blot 

signal for clusterin, however no further clusterin signal was seen in the immunoblots of fractions 

from the PBS-T wash or nonspecific elution.  Elution from the column produced a single A280 

peak with an amplitude of 1000-1400 mAU depending on the yield of each individual run.   

 

Buffer exchange 
 

The eluent from the affinity column was buffer exchanged in order to rapidly remove the 

recombinant clusterin from the strong denaturing agents present in the elution buffer.  Buffer 

exchange into a MES buffer (Figure 4) showed complete separation of the protein, as assessed by 

the 280 nm absorbance spectra, and the GdHCl-containing elution buffer, which appears on the 

chromatograph as an increase in the conductance of the flow through. 
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Cation Exchange 
 

A cation exchange column was used as a final “polishing” step in the purification 

process.  Clusterin was loaded on the column, and no A280 peak was observed in the 

flowthrough, indicating that the clusterin present in the loaded material bound to the column 

(Figure 4).  Elution from the column with a 0-1M gradient of sodium chloride yielded a peak in 

the A280 spectrum which was proven to contain clusterin via Western blot, while a colloidal 

Coomassie stain showed that no other proteins were present in significant quantities in the eluted 

fractions. 
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Figure 5.  Characterization of purified clusterin.  The identity of clusterin was confirmed by 

peptide mass fingerprinting.  The purified product was first by SDS-PAGE (A) and the bands 

highlighted in orange were excised and digested with trypsin.  The generated peptides were 

analyzed with MALDI-MS and the mass spectrum from the 75kDa band (B) showed a 

significant match to human clusterin when compared to the MASCOT database.  BSA was 

included as a control and also produced a significant match with the MASCOT database.  The 

biological activity was verified using the aggregation assay (C) in which BSA (1.5 mg/mL) was 

incubated alone (BSA), with clusterin (CLU), or with ovalbumin (OVA) in the presence of 2 

mM DTT.  Clusterin, but not ovalbumin caused a reduction in the A360 relative to the beginning 

of the experiment, indicating that less protein aggregation occurred. 
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Characterization of recombinant clusterin 

 
We used a two-pronged approach to verify both the identity and biological activity of the 

purified recombinant clusterin.  We first analyzed the tryptic peptide fingerprint of the eluted 

protein using MALDI-MS, with BSA as a control protein of known identity to allow verification 

of the method and subtraction of any background signal (Figure 5).  We were able to achieve a 

significant match for the control BSA protein, which verified the digestion and mass 

spectrometry methods.  When concentrated and then ran on an SDS-PAGE gel the eluted 

material from the cation exchange column showed a major band at 65kDa, which corresponds 

with the predicted apparent molecular weight of clusterin, and an indistinct band which stretched 

from the top of the gel to approximately 100 kDa.  The mass spectra of the tryptic peptides after 

digestion of the 65 kDa band showed a significant match in MASCOT for human clusterin, while 

the mass spectra obtained from various fractions of the upper band did not produce significant 

matches for any proteins in the MASCOT database.   

 The biological activity of purified recombinant clusterin was assessed using a protein 

aggregation assay (Figure 5).  Bovine serum albumin was incubated under mild reducing 

conditions to induce denaturation and aggregation in the presence of clusterin.  We found that 

co-incubation of clusterin with BSA led to a 40% reduction in the total aggregation (as measured 

by the absorbance at 360 nm) compared to BSA alone.  Incubation of BSA with ovalbumin as a 

non-chaperone active control protein did not lead to a significant reduction in protein 

aggregation relative to control levels.   
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Figure 6.  Cryo-Electron Microscopy of liposomes.  Liposomes produced via extrusion were 

imaged using the Titan Kryos electron microscope.  When looking at a large-field view (A) the 

homogeneity of the liposomes was evident, while increased zoom (B) showed that individual 

liposomes were of the expected size.  Some residual multilamellar liposomes (C) remained, but 

were by far a minor species.   
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Electron microscopy of liposomes 
 

In order to study the interactions of clusterin with lipid surfaces we used SPR sensor 

chips with a hydrophobic coating to capture lipids that come into contact with the chip surface.  

Lipids for this purpose are typically injected in the form of unilamellar liposomes with a 

diameter between 50 and 100 nanometers.  In order to produce liposomes for this purpose we re-

hydrated a lipid film in PBS then extruded the resulting multilaminar vesicles to produce 

unilaminar vesicles of a consistent size.  In order to verify the size and lamellarity of the 

liposomes we imaged the liposomes using cryo-electron microscopy  (Figure 6).  Imaging of the 

vesicles showed that nearly all of the liposomes were unilaminar in nature with a limited number 

of multilaminar liposomes remaining after extrusion.  The size of the liposomes was also highly 

consistent and appeared to be near the expected 100 nm diameter.    
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Figure 7. Surface Plasmon Resonance analysis of the binding of Ato sphingomyelin surface 

on the L1 sensor chip.  Liposomes were injected over the L1 sensor (A) which produced a stable 

surface.  Injection of BSA over both surfaces resulted in binding of a similar amount of material 

to the reference surface, bringing the subtracted trace of the capture to essentially zero.  

Injections of A42 over the active (B) and reference (C) surfaces showed binding to the control 

surface, but not to the reference surface, leading to a negative slope curve in the subtracted trace 

(D).  Arrows indicate the beginning of each injection, with the A42 indicated concentration 

applied. 
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Figure 8.  Surface Plasmon Resonance analysis of amyloid-β 42 binding to sphingomyelin on 

the HPA sensor chip.  Sphingomyelin liposomes were injected over the HPA sensor chip surface 

(A) and bound to the chip.  After the lipid surface had stabilized, BSA was injected over the 

lipid-coated and control surfaces, which showed binding to the control surface as seen in the 

reduction in the subtracted signal in (A).  Awas injected over both the active lipid (B) and 

control (C) surfaces.  Binding was seen to the active surface at concentrations of 5 and 10 M, 

while the reference surface showed binding at 10 M.  The reference-subtracted curve (D) shows 

the relative binding to each surface, with the 5 M injection showing the largest relative 

response on the lipid surface.  Arrows indicate the beginning of each injection, with the A42 

concentration applied. 
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Lipid Binding of Amyloid β species 

 
In order to assess the conditions for SPR experiments we first replicated previously 

performed experiments which assessed the binding of amyloid β to lipid surfaces (53).  For our 

replication we used only sphingomyelin lipid surfaces, as these surfaces had shown the highest-

magnitude responses in previous experiments.  Initial experiments were carried out using a L1 

sensor chip on the Biacore T200.  The chip was coated with lipids by injecting unilaminar 

liposomes over the chip, which produced a binding response of approximately 6.000 response 

units (RU) relative to the uncoated reference surface (Figure 7).  Stabilization of the surface with 

two injections of 10 mM sodium hydroxide did not lead to an appreciable loss of material from 

the sensor surface.  Amyloid beta 1-42 was injected over both the control and reference surfaces 

and bound to the lipid-coated surface, however unspecific binding was also observed on the 

reference surface, and this nonspecific binding was greater in magnitude than the binding to the 

experimental lipid surface (Figure 7).  In order to counteract this we attempted to block the 

sensor surface, using the recommended injection of 1 mg/mL BSA over both the lipid-coated and 

reference surfaces.  The lipid surface again showed a robust binding of sphingomyelin to the 

surface, achieving approximately 6,000 response units of coverage.  Stabilization of the surface 

with 10 mM sodium hydroxide resulted in a loss of approximately 500 response units from the 

lipid coated surface.  BSA was injected over both the lipid-coated and reference surfaces and 

showed binding to both.  The lipid surface showed approximately 500 RU of BSA binding, 

returning the coverage to the maximum achieved during the liposome injection.  The reference 

surface binding response to BSA was approximately 2-fold the response seen on the 

experimental surface, showing 1.000 RU of coverage after injection of BSA.  Injections of 
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amyloid beta 1-42 over the BSA-blocked experimental and control surfaces still exhibited 

nonspecific binding to the reference surface with a magnitude greater than that seen on the lipid 

surface.   

In an attempt to reduce the nonspecific binding we changed from using the L1 sensor 

chip, which binds a lipids to a series of hydrophobic molecules covalently coupled to a dextran 

matrix, to the HPA sensor chip, where the hydrophobic coating is directly coupled to the gold 

surface of the sensor, in hopes that the reduced complexity of the HPA surface would present 

fewer opportunities for nonspecific binding (Figure 8).  Repetition of the lipid capture to this 

surface again showed robust capture to the surface, however the total magnitude was reduced 

roughly twofold to 3000 RU.  Stabilization of this surface with injections of sodium hydroxide 

led to a reduction of 500 RU, leaving a final stable surface composed of approximately 2500 RU 

of captured lipids.  We then repeated the blocking phase by injecting BSA over both the lipid-

coated experimental surface as well as the control surface, and once again observed a robust 

binding response to both surfaces.  The magnitude of the binding response was once again larger 

on the uncoated control surface, and bound approximately 1500 RU of material, while the lipid 

coated surface bound approximately 500 RU of material.  The subtracted trace showed that a 

similar amount of total mass was bound to both surfaces, and both surfaces were stable under 

normal running conditions.  We then injected a dilution series of amyloid-β 1-42 over both 

surfaces.  No binding was observed for concentrations of 0.625, 1.25, and 2.5 𝜇M, however at a 

concentration of 5 𝜇M binding was observed, and was greater on the lipid-coated surface 

compared to the BSA-blocked control.  Binding was also observed at 10 𝜇M, however at this 

concentration we observed more nonspecific binding to the BSA coated reference surface than to 

the lipid-coated active surface.   
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Discussion 
 

In this thesis we have developed the tools required to gain a further understanding of the 

role that clusterin plays in the pathogenesis of Alzheimer Disease.  We first produced and 

characterized a monoclonal anti-clusterin antibody, G7, which we then used to create an affinity 

chromatography column for the purification of HEK293-expressed clusterin.  We were able to 

establish a method for the expression and purification of recombinant clusterin, providing a key 

tool for future investigations into the mechanisms behind clusterin’s altered function in AD.  

Additionally, we verified both the identity of the recombinant protein, using tryptic 

fingerprinting and Western blotting, as well as the chaperone activity of our protein using a 

protein aggregation assay.  In addition to the purification and verification of recombinant 

clusterin, we fine-tuned a technique to create a stable lipid surface for the investigation of 

clusterin’s interactions with lipids, which had been singled out as a potential AD-related 

functional change by previous experiments in our lab.  We also developed a non-interactive 

protein blocking protocol, providing an inert reference surface to serve as a control for these 

lipid-binding experiments.  
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Production and characterization of recombinant clusterin 
 

We successfully adapted the method of Dabbs & Wilson (50) for the production of pure, 

chaperone active, recombinant clusterin.  Traditional bacterial-based expression techniques are 

insufficient for producing clusterin since the protein is extensively post-translationally modified 

and these modifications, specifically the cleavage into α- and β-chains, seem to be important for 

the chaperone activity of the protein (54).  The method used here circumvents these issues by 

using HEK293 cells, which contain the necessary cellular machinery to perform the proteolytic 

processing and glycosylation of the protein, as an expression system.  In order to purify the 

protein from HEK293 cell cultures we first used an anti-clusterin affinity column which was 

prepared in-house from a monoclonal antibody we purified from hybridoma cultures.   

The ability of this antibody to immunoprecipitate clusterin from cell culture media was 

verified with a small-scale immunoprecipitation, the product of which was analyzed with 

MALDI-MS and found to contain a peak within the range of previously reported apparent 

molecular weights for clusterin.  In-source decay sequencing confirmed that the protein was 

clusterin, and the intact mass we obtained represents, to our knowledge, the first reported 

molecular weight of clusterin derived by a method other than gel electrophoresis. 

Due to the low yield of antibody we obtained from the hybridoma cultures, the affinity 

column was prepared with the minimum viable concentration of antibody which is likely the 

current limiting factor on the yield of recombinant clusterin and may become problematic as the 

technique is scaled up.  Further optimization of the hybridoma culture conditions and the 

creation of a new column with increased coupled antibody, increased volume of packing media, 

or both of these improvements will likely be required in the future in order to produce larger 

quantities of protein required for, by example, cell culture experiments in a timely fashion.  After 
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initial purification with the affinity column, Western blotting and coomassie staining revealed 

that the majority of the material present was detected by anti-clusterin antibodies, however due 

to the presence of faint,  high molecular weight bands which were observed via Coomassie stain 

but were not detected by Western blotting we elected to proceed with the cation exchange 

purification.  In order to perform the cation exchange step we first needed to buffer exchange the 

affinity chromatography eluent from the 2M GdHCl elution buffer into a buffer which consisted 

of 20 mM MES at a pH of 6.0.  While the original protocol used simple dialysis for this step we 

performed the buffer exchange using a series of desalting columns in order to reduce the time 

required for the purification process and to more quickly remove the GdHCl, a strong denaturing 

agent, from the product and thus reduce the chance of permanent alterations to the structure of 

purified clusterin.   

After buffer exchange we completed the purification by loading the protein-containing 

fractions onto a cation exchange column.  Since the pH of the running buffer used (6.0) is the 

same as the isoelectric point of clusterin we expected that the protein would be in an uncharged 

state and would therefore pass through the column.  Since the majority of proteins have a pI 

greater than 6 (55) we expected that the majority of any contaminating proteins would bind to the 

column as they acquire a negative charge due to the pH of the solution being below their 

isoelectric point.  When we performed the cation exchange step we instead observed no A280 

peak in the flowthrough stage of the purification, indicating that all proteins present in the 

sample bound to the column.  Elution by adding a 0.0 – 1.0 M sodium chloride gradient to the 

MES running buffer over 10 mL eluted a single A280 peak which, according to the theoretical 

model behind this purification step, consisted of clusterin as well as any impurities.  Our 

assessment of the composition of the eluted peak using SDS-PAGE (in combination with 
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coomassie staining and Western blotting) and tryptic peptide mass fingerprinting found that the 

eluted peak from the cation exchange column produced a significant match for human clusterin 

and no other proteins.  This indicates that any impurities which were present in the fraction 

loaded onto the cation exchange column bind with a much higher affinity to the column than the 

clusterin, as they did not elute from the column even at a concentration of 1 M sodium chloride 

while the clusterin eluted almost immediately.  Analysis of the biological activity of our purified 

product showed that it was able to reduce the aggregation of BSA under mild reducing 

conditions by 40% compared to control levels, however the reduction was not as dramatic as had 

been obtained by Dabbs & Wilson. 

One possible explanation for the difference in behavior between our adapted purification 

process and the original method used by Dabbs and Wilson is the formation of complexes 

between clusterin and other proteins in the cell culture media, particularly those from the FBS 

used to supplement the media.  If these complexes were positively charged at pH 6.0 they would 

be expected to bind the cation exchange resin which is in agreement the elution profile we 

observed during our purification process.   This possibility was of significant concern since the 

formation of such complexes could potentially impact the biological activity of the clusterin 

produced via our method and result in reduced chaperone activity of our purified clusterin 

relative to previously reported results.  To test this hypothesis we purified clusterin from cells 

which were grown in standard HEK293 media without FBS supplementation in order to reduce 

the total protein amount in the cell culture media.  When we purified clusterin from this serum-

free media we observed the expected A280 peak in the flowthrough of the cation exchange 

column, indicating that clusterin grown in serum-containing media had formed a complex with 

FBS proteins, and that these complexes were the reason for the unexpected profile we had 
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previously seen.  Testing this product using the aggregation assay showed no difference in 

chaperone activity between clusterin purified from serum-free media and that produced from 

serum-containing media, indicating that the complexes formed between clusterin and FBS 

proteins are either unstable and dissociate under the conditions of SDS-PAGE and the 

aggregation assay, thereby freeing clusterin to perform its anti-aggregation role, or that the 

existence of these complexes does not interfere with the ability of clusterin to chaperone other 

proteins.  
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Expansion of lipid-binding SPR techniques 
 

We were also able to successfully expand on previously developed surface plasmon 

resonance techniques, providing the tools to further investigate the mechanisms of clusterin-lipid 

interactions and the mechanisms through which these might be altered.  First, we verified the 

composition of the liposomes used in the preparation of the on-chip lipid surface by cryo-

electron microscopy.  Imaging the liposomes with this technique showed that extrusion produced 

a mostly homogenous population of unilaminar liposomes with diameters of 100 nm, which 

matched with our expectations.    

In order to verify the functionality of the lipid surface we attempted to replicate previous 

results which investigated the lipid binding of amyloid-β.  This led us to discover the need to 

block the reference sensor chip surface (i.e. the surface to which the lipids were not applied) with 

an inert protein, as the hydrophobic coating on the sensor chip surface proved capable of binding 

the peptides at higher levels than the lipid-coated active surface.  This result can be readily 

explained, as amyloid-β is a highly hydrophobic molecule which is known to be very “sticky” 

and binds nonspecifically to many substrates (56).   

Blocking the surface using BSA proved insufficient to prevent nonspecific binding of A𝝱 

to the control surface so we changed from using the L1 sensor chip to the simpler HPA chip, 

which consists of a hydrophobic coating coupled directly to the gold surface of the sensor chip 

and does not include the intermediate dextran matrix found on the L1 sensor chip.  Using the 

HPA sensor chip and the same capture/blocking protocol developed on the L1 chip we were able 

to replicate the previously performed experiments, showing concentration-dependent binding of 

A𝝱 to the lipid surface.  Experiments using the same technique with recombinant clusterin in the 
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place of A𝝱 again produced an issue of nonspecific binding, however in this case the clusterin 

bound even to the blocking protein (BSA).  Given the role of clusterin as a chaperone protein and 

its ability to bind promiscuously to other proteins, the occurrence of nonspecific binding is not 

surprising and our findings during the purification process indicate that clusterin is likely able to 

form complexes with proteins found in bovine serum (such as BSA).  Despite this being normal 

behavior for clusterin, the nonspecific binding must be minimized in order to establish a reliable 

baseline against which we can compare our lipid-binding results.   
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Outlook 
 

The work accomplished in this thesis sets the groundwork for further investigation into 

the role of clusterin in AD.  By producing specific tools, developing methods, and characterizing 

both recombinant clusterin and the G7 antibody we have enabled a wide array of cell biology and 

biochemical experiments for future projects.  For example, although clusterin has been shown to 

interact with amyloid-β and prevent the formation of both fibrils and low-n oligomers there have 

been no studies to date on the ability of clusterin to attenuate amyloid-β induced cell toxicity 

cells in-vitro. Having an in-house source of recombinant clusterin would enable this kind of 

experiment as it allows for another related avenue of research would be to see if clusterin 

promotes amyloid-β clearance. 

In an effort to address the issue of nonspecific binding encountered while performing the 

SPR experiments outlined above we tried several alternative blocking agents with the goal of 

finding a protein which provided good coverage of the sensor chip surface, thus preventing 

nonspecific clusterin binding, without interacting directly with clusterin itself.  Potential 

candidates included human insulin, lysozyme, and horse myoglobin. Of the screened candidates, 

preliminary tests pointed towards horse myoglobin as a preferable blocking agent since it 

showed good coverage of the sensor surface and no observable binding from the injection of 

clusterin over the surface.  Additionally, the use of a horse protein helps to control for potential 

confounds which could arise by using a blocking agent which originates from the same species 

(human) as our eventual experimental material.  Although promising, this preliminary finding 

still requires validation for use in conjunction with the lipid coating required for our 

experimental protocol. 
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Materials & Methods 
 

General Chemicals 
 

Unless otherwise specified, general laboratory chemicals and salts were ordered from Sigma 

Aldrich or Thermo Fisher 

 

Fast-Performance Liquid Chromatography (FPLC) 
 

All FPLC procedures (Pre-purification of FBS for antibody purification, antibody 

purification, affinity chromatography, on-column buffer exchange, cation exchange 

chromatography) were carried out using an AKTA Avant 25 (GE Healthcare) 

 

Buffers 
 

General lab buffering solutions were prepared as 10x stocks (25x for PBS), sterile filtered 

(0.22 𝜇m) and stored in autoclaved bottles.  The compositions of the stock solutions were as 

follows: 

 PBS: 3.43M NaCl, 67.5mM KCl, 250 mM Na2HPO4 x 2 H2O, 50 mM KH2PO4, pH 7.4-

7.6 

 TBS: 0.2 M Tris, 1.5 M NaCl, pH 7.6 
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Plasmids 
 

The pRcCMV vector containing the CLU gene was provided to us by Mark Wilson 

(University of Wollongong).  The plasmid sequence was verified by Sanger sequencing provided 

by McGill University and the Génome Québec Innovation Center. 

 

 

Cell Culture Media 
 

HEK293 Media consisted of Dulbecco’s minimial essential medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, and 1 mM sodium 

pyruvate.   

G7 hybridoma cells were cultured in DMEM supplemented with 10% FBS, 2 mM GlutaMAX, 1 

mM sodium pyruvate, 10 mM HEPES, and 1x MEM nonessential amino acids solution.  Media 

for hybridoma cultures was prepared fresh immediately before being added to the cells. 

All cell culture media and supplements, as well as D-PBS and Trypsin/EDTA used for passaging 

cells were from Wisent Inc. 

 

Consumables 
 

All consumables (microfuge tubes, pipette tips, pipets, cell culture plates, ect.) were from 

Starsted and Thermo Fisher Scientific.   
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Eukaryotic Cell Culture: 
 

All cell lines were incubated at 37oC with 5% CO2 and 95% humidity.  HEK293N cells 

were passaged before they reached 95% confluence.  In order to passage cells they were washed 

once with PBS, detached using Trypsin/EDTA, and diluted 1:10 in fresh media.  Cells were 

generally passaged into 10-cm dishes, various sized cell culture plates, or high-capacity flasks as 

required by the experiments which followed.  To passage G7 hybridoma cells washing the plate 

with cell culture media proved to be sufficient to detach the cells, removing the need to wash the 

cells with PBS or to apply Trypsin/EDTA.  Once detached, cells were either centrifuged at 500 

RPM for 5 minutes in order to completely change the media or were simply diluted 1:5 in fresh 

media and seeded into 10-cm dishes. 

 

Cell Stocks:  
 

Eukaryotic cell lines were prepared for storage by trypsinizing fully confluent plates and 

centrifuging the cells at for 5 minutes at 500 RPM.  Cells were then resuspended in cryo-storage 

media, which consisted of regular media for the cell type being frozen supplemented with 10% 

DMSO and an additional 10% FBS (typically bringing the final FBS concentration to 

20%).  Cells derived from a single plate were resuspended in 3 mL of cryo-storage media, which 

was then split into two cryogenic vials.  The vials were immediately placed in a special storage 

container filled with isopropanol and left at -80oC for a minimum of 12 hours after which they 

were transferred to a liquid nitrogen freezer (-140oC) for long-term storage.   



49 

 

In order to thaw cells for use a vial of frozen cells was removed from the liquid nitrogen 

freezer and rapidly thawed using a 37oC water bath.  The cell suspension was added dropwise to 

10 mL of cell culture media which was then centrifuged for 5 minutes at 500 RPM and replaced 

with fresh media to remove DMSO from the cells.  The cells were then plated in two 5 cm dishes 

and allowed to recover for 24 hours, at which point the cells were trypsinized, seeded into 10 cm 

plates, and passaged normally.  

 

 

 

Transfection of HEK293 cells: 
 

Transfections were carried out when cells were 50-60% confluent using either 

polyethylenimine (PEI, Sigma-Aldrich), which was mixed at a 2:1 ratio with DNA in OptiMEM 

media (Gibco), vortexed gently, and left for 20-30 minutes to form complexes before being 

added to cells.  The volume of transfection mixture used was equal to one-third the total media 

volume of the well, with the remaining two-thirds of the final media volume being made up with 

either fresh regular media or additional OptiMEM.   

Cells were incubated with the transfection mixture for a maximum of 24 hours.  After 

aspirating the transfection mixture cells were either harvested, transferred into fresh media, or 

transferred into selection media for the creation of stable cell lines. 
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Generation of HEK293 stable cell lines: 
 

Stable cell lines were produced by first transfecting HEK293N cells, seeded in 6-well 

plates, using the standard transfection protocol.  After transfection 1.5 mL of full media was 

added to each well and cells were allowed to grow for 24 hours before being passaged into 10 cm 

plates (one plate per well), with each plate containing 10 mL of full media.  After 24h the media 

was changed to selection media containing the relevant selection antibiotic and cells were 

passaged normally, except that media was changed once every 48 hours at a minimum, 

regardless of confluence.  Cell lines were deemed “stable” once passaged cells reached 90% 

confluence in approximately 48 hours with no detachment from the plate surface.  Once stable, 

supernatant from the cells was collected and analyzed using SDS-PAGE + Western blot to verify 

the continued expression of the protein of interest. Cells were further amplified and prepared for 

storage using the standard storage protocol described above. 

 

SDS-PAGE: 
 

Samples were prepared for SDS-PAGE by mixing them with 6x gel loading buffer, which 

consisted of 25% Glycerol, 10% SDS, and 5% Bromophenol blue, then heating them for 10 

minutes at 95oC.  Samples were loaded into an SDS-PAGE gel in an electrophoresis chamber 

(BioRad) containing tris-glycine running buffer (25 mM Tris, 190 mM glycine, 0.1% SDS). Gels 

were run at a constant current (30-35 mA per gel) until the desired separation was achieved and 

then either stained using the colloidal coomassie procedure to visualize total protein content or 

transferred to a nitrocellulose membrane for immunoblot detection of specific proteins of 

interest. 
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Western Blotting: 
 

Proteins were transferred from SDS-PAGE gels to nitrocellulose membranes using either 

a semi-dry or wet transfer method.  Semi-dry transfers were carried out using a TurboBlot 

apparatus (BioRad)  for 10 minutes at 2.5A, while wet transfers were carried out using a transfer 

chamber (BioRad) in transfer buffer (25 mM Tris, 200 mM glycine, 10% v/v ethanol) for either 2 

hours at 400 mA, or overnight at 200 mA.  After transfer, membranes were blocked with 5% w/v 

BSA in PBS with 0.1% Tween-20 for one hour at room temperature and then incubated with 

primary antibody, diluted in blocking solution, overnight at 4 degrees.  After primary incubation 

residual antibody was removed by three 10 minute washes in PBS and membranes were 

incubated with horseradish peroxidase-coupled secondary antibody at a dilution of 1:10,000 for 2 

hours at room temperature.  Membranes were imaged by covering the membrane with ECL 

reagent (900 𝜇l 0.25 mg/mL Luminol in 0.1M Tris/HCl, pH 8.6 mixed with 100 𝜇L 1.1mg/mL p-

hydroxy coumaric acid in DMSO and 0.3 𝜇l hydrogen peroxide) and the chemiluminescent 

signal was detected using an ImageQuant™ LAS500 (GE Healthcare Life Sciences) 
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Coomassie Staining 
 

SDS-PAGE gels were stained using a mass-spectrometry compatible version of the 

Coomassie stain.  After running the gel was first washed with demineralized water to remove 

trace amounts of gel running buffer and then fixed using a solution of 50% methanol, 10% acetic 

acid in ddH2O for a minimum of one hour.  Residual fixative solution was removed with five, 5-

minute washes in demineralized water.  The staining solution was prepared by mixing 20 mL of 

staining solution ‘A’ (40% ammonium sulfate, 8% v/v phosphoric acid) with 60 mL of deionized 

water and adding 20 mL of staining solution ‘B’ (0.05% w/v coomassie brilliant blue in 

methanol).  The solution was immediately poured over the gel and covered to prevent 

evaporation of the methanol from the solution.  Proteins were stained with gentle shaking of gels 

overnight, after which they were washed with deionized water to remove excess staining and 

scanned. 

 

 

Preparation of hybridoma conditioning media 
 

Purification of the G7 antibody first required pre-purification of FBS, as some 

components of FBS can bind to and saturate the protein G column used for antibody purification, 

causing major reductions in the purity and yield of the antibody.  In order to prepare media for 

purification FBS was mixed with DMEM at a 1:1 ratio and pumped over a 5 mL HiTrap Protein 

G column (GE Healthcare) at a flowrate of 1 mL/minute.  The flowthrough from this column 

was captured and used in the place of FBS (at 20% to make up for the dilution factor) to prepare 

the antibody harvest media. 
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Expression and Purification of G7 antibody 
 

Hybridoma cell lines expressing the monoclonal G7 antibody were incubated with 

harvest media until the media started to visibly become more yellow (typically 2-3 days) at 

which point the media was harvested and kept on ice until purification, which typically happened 

immediately. 

After media was sufficiently conditioned it was centrifuged at 1000 g for 10 minutes to pellet 

suspended cells and larger debris.  The supernatant was then transferred to a fresh tube and 

centrifuged at 5700 g for 30 minutes to pellet smaller debris fragments.  The supernatant was 

then filtered (0.22 𝜇m) and kept on ice until loaded onto a 5 mL HiTrap protein G column (GE 

Healthcare).  The column was equilibrated in PBS and the supernatant was pumped over the 

column at a flow rate of 1 mL/min to allow antibody to bind.  The column was then washed with 

25 mL of PBS and eluted with 10 mL of 100mM Glycine, pH 2.7.  Immediately after elution the 

fractions containing the antibody were pooled and dialysed against three changes of PBS at 4oC, 

concentrated to 1-2 mg/mL using a 10 kDa cutoff centrifuge filter (Amicon), and stored at -

80oC.   
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Immunoprecipitation with G7 antibody 
 

Immunoprecipitation (IP) was performed by mixing 35 𝜇L of protein G Sepharose beads 

(EMD Millipore) with 500 𝜇L of supernatant from clusterin-expressing HEK293 cells, 20 𝜇L of 

50x protease inhibitor cocktail (Roche), 5 𝜇l of 1.7 mg/mL purified G7 antibody, and 440 𝜇L of 

PBS to bring the final reaction volume to 1 mL.  This precipitation reaction was incubated 

overnight at 4 degrees, with end-over-end shaking then the beads were pelleted and the reaction 

mixture removed.  The beads were then washed three times with 1 mL of PBS, two times with 

300 𝜇L of ammonium acetate and eluted by incubating with 350 𝜇L of 50% acetic acid for 5 

minutes at room temperature.  This elution step was performed twice and the resulting fractions 

were combined before being dried using a Speed Vac and stored at -20 degrees until analysis. 

 

MALDI-MS verification 
 

Clusterin purified via immunoprecipitation was reconstituted in 30% acetonitrile, 70% 

0.1% TFA (30/70 ACN/TFA) One 𝜇L of sample was mixed with 1 𝜇L of DHB matrix solution 

then spotted in duplicate on a ground steel target plate and allowed to air dry.  DHB matrix was 

prepared by sonicating a supersaturated solution of DHB in 30/70 ACN/TFA for 5 minutes, then 

centrifuging at 10,000 RPM for 5 minutes to pellet undissolved DHB.  Mass spectra were 

gathered using an UltraflexExtreme TOF/TOF MALDI mass spectrometer (Bruker), with each 

final spectrum composed of five, 500-shot samples taken at 80% power. 
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Antibody Coupling 
 

CNBr-activated Sepharose 4B (GE Healthcare) was used as the base column packing 

media for preparation of the immunoaffinity column. 

Lyophilized Sepharose powder was weighed out and suspended in 1 mM HCl. The media 

was washed with 1 mM HCl for 15 minutes to remove packaging additives and then with 50 mL 

of coupling buffer to remove any traces of acid from the media.  The ligand to be attached (in 

this case the g7 antibody) was dialysed against 2 changes of coupling buffer (100 mM sodium 

bicarbonate, 500 mM sodium chloride, pH 8.3) at 4oC, adjusted to a concentration of 2 mg/mL 

and then combined with the washed Sepharose beads and incubated with end-over-end shaking 

at 4 degrees overnight .  Following coupling, beads were blocked with 100 mM Tris HCl, pH 

8.0, for one hour at room temperature and then washed three times with alternating 100 mM Tris 

pH 8.0, 500 mM sodium chloride and 100 mM acetic acid, 500 mM sodium chloride solutions 

before being transferred into PBS with 0.1% sodium azide for storage at 4oC.   
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Immunoaffinity Column Preparation 
 

The G7 affinity column was prepared by pouring antibody-bound Sepharose into a 

Tricorn 10/50 column (GE Healthcare).  5 mL of antibody-bound Sepharose beads were 

suspended in 10ml of PBS and poured into the 5 mL base column coupled to a 10mL column to 

contain the excess volume.  The remaining space in the overflow column was filled with PBS 

and attached to an AKTA avant to pack the media. Packing of the media was accomplished by 

flowing PBS through the column at the maximum allowable flowrate of 1.0 mL/minute for 30 

minutes.  After initial packing the extra column was replaced by the upper connector and the 

media was packed again with PBS at a flowrate of 1 mL/min, then equilibrated with PBS+Az for 

storage at 4 degrees. 
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Clusterin Purification 
 

Purification of clusterin was performed using a modified method adapted from Dabbs and 

Wilson (50).  HEK293 cells stably transfected with clusterin were seeded in 10cm plates and 

allowed to grow to confluence (typically 2-3 days).  Cells were then trypsinized and seeded into 

75cc flasks where they were allowed to grow for 7-10 days.  The supernatant was harvested from 

these flasks and centrifuged for 10 minutes at 1000 xg to pellet any detached cells or debris, then 

filtered through a 0.22 micron filter and kept on ice until applied to the affinity column. 

Affinity Chromatography 
 

The G7 affinity column was equilibrated in PBS and Clu-containing media was pumped 

over the column at a flowrate of 0.2 mL/min in order to allow the protein to bind the 

antibody.  The column was then washed with 5 column volumes of PBS to remove residual 

media, followed by 5 column volumes of PBS with 0.05% Tween-20 in order to remove any 

lipids.  Any nonspecifically bound proteins were eluted using a nonspecific elution buffer 

(200mM sodium acetate, 500 mM NaCl, pH 5.0) and finally clusterin was eluted using 2 M 

GdHCl in PBS.  Fractions containing the A280 peak (typically two 2-mL fractions) of the elution 

were pooled and immediately buffer exchanged into “cation running buffer” (20 mM MES, pH 

6.0) using a series of three 5 mL HiTrap desalting columns joined in series.  The fractions 

containing the A280 peak from the buffer exchange step were then loaded onto a HiTrap SPXL 

cation exchange column equilibrated in cation running buffer at a flow rate of 0.5 mL/min, 

washed with two column volumes of cation running buffer and then eluted with a 0-1 M NaCL 

gradient.  100 ul aliquots of each fraction of interest were taken for analysis by SDS-PAGE and 
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Clusterin-containing fractions were pooled and concentrated using an amicon centrifugal filter 

system. 

 

Peptide Mass Fingerprinting 
 

A tryptic digest of eluent from the purification was carried out using a protocol that 

allowed proteins to first be visualized on an SDS-PAGE gel and then digested and analyzed 

using mass spectrometry.  30 𝜇L of concentrated purified Clusterin (1 mg/mL) was loaded onto a 

precast 10-14% SDS-PAGE gel which was then stained using the standard colloidal Coomassie 

protocol.  The gel was imaged and all stained protein bands were excised from the gel, chopped 

into cubes, and transferred to a microfuge tube.  The gel fragments were dehydrated using 

alternating 80% ACN and 20 mM ammonium bicarbonate washes until the gel appeared white.  

Trypsin was prepared by diluting 10 𝜇L of 1 𝜇g/𝜇L trypsin in 90 𝜇L of 100 mM ammonium 

bicarbonate.  One gel volume of diluted trypsin was added to the gel fragments and incubated for 

30 minutes to allow the trypsin to penetrate the gel, after which another gel volume of 20 mM 

ammonium bicarbonate was added and the digest reaction was incubated at 4oC overnight.  The 

digest was stopped by adding one gel volume of 5% formic acid, and the reaction was then 

centrifuged at 1000 g for 5 minutes.  The supernatant containing the peptides was transferred to a 

fresh microfuge tube, dried using a Speed Vac and stored at -20oC until analyzed. 
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Aggregation assay 
 

Chaperone activity was assessed by inducing BSA (1.5 mg/mL) to precipitate using 2 

mM dithiothreitol (DTT) and incubating at 37oC for 16 hours.  Clusterin was added at a 

concentration of 0.3 mg/mL and ovalbumin (Novus Biologicals) was used as a non-chaperone 

active control at an equimolar ratio to the active Clusterin amount.  The absorbance at 360 nm 

was continuously monitored using a Synergy H1 photometer (Biotek) as 360 nm light is sensitive 

to the formation of protein aggregates which cause light scattering and increased absorbance. 

 

Liposome Preparation 
 

All lipids were ordered from Avanti Polar Lipids and were provided dissolved in 

chloroform.  Lipids were stored at -20oC until used to prepare liposomes. Liposomes for SPR 

experiments were prepared from a lipid film, produced by evaporating the chloroform from the 

lipid solution under a stream of nitrogen gas.  The film was dried under vacuum overnight then 

resuspended in PBS at 37oC with glass beads (to improve mixing) and gentle shaking for 2 

hours.  Following resuspension the liposomes were sonicated for 10 minutes at 4oC and then 

heated to 40 degrees in preparation for extrusion.  Unilaminar liposomes were created using the 

Avanti mini-extruder.  The extruder was prepared according to the manufacturer's instructions 

and heated to 40oC.  One syringe was filled with the rehydrated lipid solution and the liposomes 

were passed through the extruder 21 times then transferred to a microfuge tube.  Liposomes were 

kept at 37oC while being used in order to maintain the fluidity of the lipid membrane, and stored 

at 4oC when not in use for a maximum of 3 days. 
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Preparation of the Lipid surface 
 

The lipid surface for both sensor chips (L1 and HPA) was prepared by injecting a 1:30 

dilution of extruded liposomes in PBS at a flow rate of 10 𝜇L/min for 30 minutes.  The surface 

was stabilized mechanically by raising the flowrate to 50 𝜇L/min and then by the injection of two 

five-minute pulses of 10 mM sodium hydroxide.      

 

Amyloid-β lipid binding  
 

Lyophilized amyloid-β peptides were monomerized by resuspending the lyophilized 

peptide in 80% formic acid, at a concentration of 1 𝜇g/𝜇L.  The formic-acid dissolved peptides 

were aliquoted into microfuge tubes and dried using a Speed Vac, then stored at -20oC in a 

sealed container until use.  Peptides for experiments were re-suspended to a concentration of 1 

𝜇g/𝜇L by adding half the final volume of 1% ammonia, sonicating for 10 minutes at 4oC, 

bringing the sample to the final volume with deionized water, and sonicating for another 10 

minutes at 4oC.  The peptides were kept on ice until prepared for injection at which point they 

were diluted in PBS and injected at a flow rate of 10 𝜇L/min for 5 minutes, followed by a 5 

minutes long disassociation phase.  Injections were all performed sequentially, as regeneration of 

the lipid surface required a full strip and recapture of the lipids and blocking protein.   
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Blocking of SPR reference surface 
 

Blocking of the reference surface was achieved by injecting the blocking protein at a 

concentration of 1 mg/mL over the surface using a flowrate of 10 𝜇L/min and a total injection 

time of 5 minutes.  The protein surface was stabilized using the same protocol as for the lipid 

capture. 
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