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ABSTRACT 
 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder. The AD 

brain is characterized by significant neuronal loss and accumulation of insoluble fibrillar 

amyloid-β protein (Aβ) plaques and tau protein neurofibrillary tangles in the brain. 

However, over the last decade, many studies have shown that the neurodegenerative 

effect of Aβ may in fact be caused by various soluble oligomeric forms as opposed to the 

insoluble fibrils. Furthermore, the data suggest that a pre-fibrillar aggregated form, 

termed protofibrils, mediates direct neurotoxicity, and triggers a robust 

neuroinflammatory response. 

Antibodies targeting the various conformation of Aβ are important therapeutic 

agents to prevent the progression of AD. We have generated conformationally-selective 

monoclonal antibody St. Louis (mAbSL) that selectively targets Aβ42 protofibrils 

compared to Aβ42 monomers and fibrils. The development aspects of these antibodies 

include the cloning of HC and LC variable fragments into the plasmid vector, transfection 



 

xviii 

 

of the plasmids into 293 F cells, collection of the supernatant and purification using 

Protein A or protein G affinity chromatography. Sequencing of the heavy and light chain 

variable regions for multiple antibodies identified sequence characteristics that may 

impart conformational selectivity to the antibodies. Thus, I have successfully developed, 

expressed, and characterized these conformationally selective antibodies using various 

ELISA formats. 

Exploration of Aβ42 aggregation in the presence a selective (mAbSL 113) and a 

non-selective antibody (mAb A 513) using spectroscopic and microscopic techniques is 

quintessential to looking at the effect of these antibodies on Aβ42 monomer aggregation 

and protofibril dynamics. It yielded a unique inhibitory mechanism on Aβ42 monomer 

aggregation offered by mAbSL antibodies. Aβ42 protofibril dynamics were prominently 

altered in the presence of mAbSL 113 with an insoluble complex formation by the 

antibody at low sub-stoichiometric molar ratios. 

We focused on accurately determining the conformational epitope of our 

developed antibodies on Aβ42 protofibrils. The conformational epitope on Aβ42 

protofibril was detected using a monoclonal antibody in various experimental formats 

like antibody competition ELISA, HDX-MS, and FPOP analysis. Our findings 

demonstrated new insights into monoclonal antibodies that target AD progression. 
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CHAPTER 1: INTRODUCTION 

1.1. Alzheimer’s disease (AD)  

Neurodegenerative disorders such as Alzheimer’s disease (AD), Parkinson’s 

disease and Huntington’s disease, dementia with Lewy bodies (DLB), and familial 

frontotemporal dementia (FTD) share a similar fundamental protein polymerization 

phenomenon termed amyloid formation (Landles and Bates 2004, Selkoe 2004). A 

typical pattern observed in such progressive disorders is the accrual of -pleated sheet-

rich protein aggregates that pose toxicity (Perrin et al. 2009).  

1.1.1. Etiology and Neuropathology 

Alzheimer’s disease is usually an age-related neurodegenerative disorder we 

believe is initiated by the accumulation of amyloid-β (Aβ) in the brain and surrounded by 

neuritic and glial processes, compromising memory and cognitive abilities (Selkoe and 

Hardy 2016, Long and Holtzman 2019). The deposition of Aβ results in the formation of 

intercellular senile plaques that poses profound toxic effects on the neurons and synaptic 

function (Bloom 2014, Li and Selkoe 2020). The presence of senile plaques is followed 

by the formation of neurofibrillary tangles (NFTs), which consist of intraneuronal 

hyperphosphorylated tau filaments (Hardy and Higgins 1992, Ittner, Chua et al. 2016) 

(Figure 1.1). Tau is a cytoplasmic protein that involves microtubule-binding domains and 

gets assembled into tubulin, thereby stabilizing, and contributing to microtubule function 

(Lee, Goedert, et al. 2001). The severe Alzheimer’s disease brain is characterized by 

densely packed, highly complex, and insoluble filaments of both neuronal proteins. These 

two neuronal proteins have synergistic effects on each other and go together in the 
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advancement of AD (Jeremic, Jiménez-Díaz, et al. 2021). The event invites responses 

from reactive astrocytes and activated microglia to surround the plaques and causes a 

cascade of neuroinflammatory storms (Selkoe 2004). 

 

Figure 1.1. Pathological hallmarks of Alzheimer’s disease. AD brain is marked by the 
deposition of two neuropathological hallmarks. Extracellular senile plaques composed of 
spherical deposits of Aβ enveloped by dystrophic neurites. Neurofibrillary tangles of 
abnormal tau filaments are represented as formed intracellularly. The presence and 
accretion of the two proteins deplete neuronal integrity (Selkoe 1998, Masters and Selkoe 
2012). 

1.1.2. Early-onset and late-onset AD 

AD pathology initiated 20-30 years before the manifestation of clinical symptoms 

and the appearance of memory loss. Age is the main risk factor for AD development 

(Masters and Selkoe 2012, Zvěřová 2019). Genetic factors and environmental factors 

contribute tremendously towards developing familial or sporadic AD (Hardy 1997, 

Andreasen and Blennow 2002) Early-onset AD is associated with less than 1% of cases 

and is marked by the evolution of mutations in three genes encoding amyloid precursor 

protein (APP) (Selkoe 1998, Hashimoto, Ogino, et al. 2010), presenilin genes PS1 and 
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PS2 (Selkoe 1998, Selkoe 2011). Late-onset AD is due to several genetic and 

environmental factors as well as due to the gradual deposition of Aβ in the brain (Bekris, 

Yu et al. 2010, Selkoe and Hardy 2016). The dyshomeostasis of Aβ generation and 

clearance is a crucial process that determines the progression of AD. APOE allele e4 

(late-onset) (Li, Kanekiyo, et al. 2012) is a genetic risk factor for AD that leads to 

impaired Aβ clearance and accretion of Aβ in neurons (Vandenberghe, Rinne, et al. 

2016).  

1.1.3. Clinical stages of AD 

The brain components undergo major transformation contributing to the 

degeneration of neurons and synapses. There are various phases involved in this process 

ranging from preclinical Alzheimer’s disease to the severe form of the disease (Figure 

1.2). The dementia phase can be distinguished into mild, moderate, and severe AD. The 

biological changes in the brain initiate from the preclinical stage with no appearance of 

symptoms. Mild symptoms develop at the mild cognitive impairment stage (MCI) along 

with biomarker evidence. Mild dementia and moderate dementia stages affect patient’s 

routine tasks, and the severe dementia stage affects almost all the mundane tasks of a 

patient (2022 AD facts and figures). 

 

Figure 1.2. Preclinical and Clinical stages of AD. The preclinical AD stage marks the 

initiation of pathological hallmarks of AD with no symptoms. Mild cognitive impairment 

stage leads to the development of symptoms that interfere with the everyday activities of 
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a patient followed by later stages of dementia where the patients start to experience major 

symptoms of memory loss, inability to articulate thoughts, and cognitive decline (2022 

AD facts and figures). 

1.1.4. Overview of senile plaques 

Neuritic plaques are found in the hippocampus, amygdala, and the cortices of 

frontal, temporal, and parietal lobes (Attems et al. 2005). In most AD cases, Aβ deposits 

are observed in the walls of blood vessels (cerebral amyloid angiopathy). Aβ 

immunocytochemistry led to the differentiation of mature plaques and diffuse plaques in 

the parenchyma and as vascular deposits (Iwatsubo et al. 1994). The mature plaques in 

the form of dense focal deposits were surrounded by dystrophic neurites and altered 

astrocytes. Dense plaques and blood vessel deposits contain a tightly packed spherical 

core of both Aβ40 and Aβ42 filaments (Jarrett et al. 1993). The diffuse plaques contain 

mostly loosely packed Aβ42 filaments and are granular at the microscopic level, devoid 

of immune cells around them (Thal et al. 2015). These are found in brain regions such as 

in cortex, cerebellum, striatum, and brainstem (Güntert et al. 2006).  

1.2. Role of amyloid- 

1.2.1. Aβ protein generation from APP 

Amyloid precursor protein (APP) is a transmembrane protein found in neurons 

and glial cells and is generated ubiquitously throughout our life span (Selkoe 2004, Haass 

et al. 2012). It gets catabolized into the Aβ peptide of 37-44 amino acids (Chen, Xu et al. 

2017). The gene coding for APP lies on chromosome 21, which can be expressed as 

different isoforms (Folch, Ettcheto, et al. 2018). APP 695 is the one that undergoes 

proteolytic cleavage, facilitated by proteases α-, β- and γ-secretase by either an 
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amyloidogenic or non-amyloidogenic pathway (Figure 1.3). The amyloidogenic way 

utilizes the involvement of β- and γ-secretase enzyme that produces Aβ as the product, 

which self-assembles non-covalently to form amyloid fibrils (Andreasen and Blennow 

2002, Ono, Condron, et al. 2009).  

 

Figure 1.3. Proteolytic cleavage of the amyloid precursor protein. APP is an integral 
membrane protein, the cleavage of which takes place by either protease α- and β-
secretase through a non-amyloidogenic pathway or by two aspartyl protease β- and γ-
secretase by amyloidogenic pathway to yield Aβ 37-44 (Jeremic, Jiménez-Díaz, et al. 
2021) 

The non-amyloidogenic pathway is a regulatory or protective pathway that 

employs metalloprotease α-secretase which cleaves between residues 16 and 17 of Aβ 

domain. This cleavage produces the soluble sAPPα fragment in the extracellular region 

and a carboxy-terminal fragment called CTFα with 83 amino acid that stays attached to 

the membrane (Parkin, Trew, et al. 2002). The cleavage ensures that Aβ peptides cannot 

be formed (Figure 1.3). The CTFα fragment later gets cleaved by γ-secretase to generate 

a non-pathogenic hydrophobic P3 piece and APP intracellular domain (AICD). These two 
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pose a negative impact on memory (Nhan, Chiang, et al. 2015). However, sAPPα has 

been identified as being a regulatory factor for neuronal integrity, synaptic potentiation, 

and improved cognition (Palop, Chin, et al. 2007, Livingstone, Elder, et al. 2019). The 

protective pathway occurs in no raft areas of the plasma membrane (Ribarič 2018).  

APP can be cleaved either directly by β- and γ-secretase or it can be re-

internalized in the endosomes where these enzymes act upon it (Selkoe 2004). In both 

scenarios, β-secretase (BACE-1), an aspartyl protease, starts off the toxic pathway and 

generates soluble sAPPβ and a 99 amino acid CTFβ which is tethered to the membrane. 

CTFβ fragment is acted upon by γ-secretase which finally produces Aβ peptides of 

variable sizes (38-43 residues) and AICD fragment (Ribarič 2018, Southam, Stennard et 

al. 2019). γ-secretase consists of four complex transmembrane structures, the enzymatic 

activity being on presenilin 1 and presenilin 2 (Lemere, Lopera, et al. 1996, Bateman, 

Xiong et al. 2012). AICD fragment affects the mitochondria and disorganizes actin 

filaments (Ward, Concannon, et al. 2010, Folch, Ettcheto, et al. 2018). C99 fragment 

results in neuronal damage due to the expression of some genes (Bressler, Gray, et al. 

1996, Kinoshita, Whelan, et al. 2002). APP can be cleaved in a cytosolic pathway by 

recruiting caspase which releases a C31 peptide that is detrimental to neuronal survival 

and synaptic functioning. Aβ is formed by further processing of γ-secretase (Nhan, 

Chiang et al. 2015). The toxic pathway occurs in lipid raft areas of the plasma membrane 

and is driven by mitochondrial disruption, polymorphism of APOE, neuroinflammation, 

calcium dyshomeostasis, hypoxia, and decrease in α-secretase activity (Lall, Mohammed 

et al. 2019). The key factors that can reduce Aβ production through the amyloidogenic 

pathway are the use of metal chelators, steroid hormones, and lowering of cholesterol in 
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the cells. Cholesterol disrupts the functioning of lipid rafts, ultimately affecting the site at 

which APP gets cleaved to undergo Aβ generation (Ribarič 2018). 

1.2.2. Amyloid hypothesis 

The amyloid cascade hypothesis states that the accretion of Aβ peptides and 

failure of Aβ clearance is the primary event in the AD brain which ultimately results in 

synaptic dysfunction, neurodegeneration, and a variety of symptoms (Hardy and Selkoe 

2002, Hampel, Hardy, et al. 2021). The primary step is the conversion of Aβ monomer to 

the detrimental aggregates contributing to AD pathology (Karran and De Strooper 2022). 

The extensive research in this field using genetic evaluation, biochemical experimental 

evidence, and the use of various animal models that have been going on for decades, 

implicates the involvement of different forms of Aβ species responsible for the 

progression of AD (Selkoe et al. 2016; Powers et al. 2008). Aggregation of Aβ 

abnormally to form low molecular weight oligomers, and high molecular weight 

oligomers such as protofibrils and fibrils is held as a crucial process for the advancement 

of the disease (Figure 1.4) (Roychaudhuri, Yang, et al. 2009). The severity of the toxicity 

of amyloid is based strongly on the structure and aggregation state of Aβ (Ono and Tsuji 

2020).  
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Figure 1.4. Aβ primary structure and aggregation pathway. A. The amino acid 
sequence of Aβ42 is shown. B. Aβ self-assembly consists of natively unstructured 
monomer self-associating to form a nucleus which transitions from soluble intermediate 
assembly termed as protofibrils and finally to generate Aβ fibrillar assembly. 

1.2.3. Relevant and abundant Aβ isoforms formed 

Mutations on presenilin lead to early-onset familial AD, favoring the production 

of Aβ40 or Aβ42 peptide, with 40 and 42 amino acids respectively. These two forms 

predominate in the formation when APP glycoprotein is cleaved by the enzymes (Ono 

and Tsuji 2020). Thus, the ratio of Aβ42/Aβ40 determines the possibility of AD onset 

with Aβ42 being the primary trigger (Suzuki et al. 1994, Scheuner et al. 1996, Gu and 

Guo 2013). Aβ40 is the predominant one whereas Aβ42 nucleates more readily 

(Fernandez, Klutkowski et al. 2014, Zhang, Guo et al. 2018, Wolfe 2020) and is 

recognized to be the most pathogenic form of Aβ (Citron et al. 1994, Attems et al. 2005, 

Roychaudhuri et al. 2017, Pagnon de la Vega et al. 2021). Aβ42 possesses two additional 

C-terminal hydrophobic residues, namely, isoleucine and alanine, inherently making 

Aβ42 more prone to form higher-order assemblies (Jarrett, Berger et al. 1993, Hardy and 

Selkoe 2002, Wälti, Ravotti, et al. 2016). The Aβ peptide oligomerizes into distinct 

soluble conformations before polymerization into mature amyloid fibrils aggregating into 

spherical plaques (Selkoe 2004). 

A. 

B. 
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1.2.4. Aβ detection in AD brain 

The increased amount of Aβ42 deposition vs Aβ40 has been observed in AD 

patients (Hardy 1997). A critical AD biomarker is reduced occurrence of Aβ42 in 

cerebral spinal fluid (Motter, Vigo-Pelfrey et al. 1995, Mehta, Pirttilä et al. 2000, 

Andreasen and Blennow 2002, Hölttä, Hansson et al. 2013), while Aβ40 levels remain 

constant, resulting in higher Aβ40/ Aβ42 ratio. Aβ42 clearance is regulated by microglia 

under normal conditions (Chung, Brazil et al. 1999, Mandrekar, Jiang et al. 2009, Ries 

and Sastre 2016). In AD, dysregulation, and elevation of Aβ levels result in deposition of 

insoluble aggregates in the brain components. (Heneka, Carson et al. 2015, Heneka, 

Golenbock et al. 2015). Positive positron emission tomography (PET) scans, 

cerebrospinal fluid testing for Aβ, and brain atrophy are imperative biomarkers to 

diagnose the presence of AD (Selkoe and Hardy 2016, van Dyck et al. 2022) 

1.2.5. Molecular basis of Aβ protein aggregation  

The unstructured Aβ monomer is well known to self-assemble by non-covalent 

interactions (Jarrett, 1993) by nucleation-dependent polymerization pathway into a 

polydisperse mixture with variety of aggregated structures mostly composed of β-sheet 

rich conformations. (Walsh, Hartley et al. 1999, Kirkitadze, Condron et al. 2001). 

Polymerization advancement takes place through stages of lag phase, growth phase and 

saturation phase (Figure 1.5) (Huang and Liu 2020). The lag phase refers to the time 

required to form a ‘nucleus’ which is a state that overcomes energy barrier and drives the 

kinetics of the amyloid pathway. This step is usually slow and reversible (Kodali and 

Wetzel 2007). The aggregation of monomers into low-molecular-weight oligomers takes 

place in this step. Growth phase marks the formation of more organized soluble structures 
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which have multiple conformations and consist of cross beta structure such as protofibrils 

(Jarrett and Lansbury 1993). Concentration of the protein, pH, temperature, ionic strength 

are the factors responsible for formation of conformationally-distinct aberrant structures. 

The saturation phase is where the beta-structured oligomers amass into disease-causing 

insoluble extracellular Aβ fiber. (Iannuzzi, Irace et al. 2015).  

 

Figure 1.5. Nucleation-dependent polymerization of aggregation process. The 
sequence of events along the aggregation pathway are lag phase (misfolded monomer 
aggregation initiation), growth phase (formation of organized conformation-based 
oligomeric structures), and the saturation phase (association of protofibrils into structured 
fibrils). 

1.3. Role of conformationally varied oligomeric Aβ species 

McLean et al. performed western blot analysis on Alzheimer’s patient’s frontal 

cortex to measure soluble and insoluble Aβ fractions. Aggregated assemblies of were 

detected in AD patients as compared to control patients (McLean et al. 1999). Several 

such evidence led to extensive research to find right Aβ targets (Ono, Hasegawa et al. 

2002, He, Luo et al. 2010, Youmans, Tai et al. 2012). 
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1.3.1. Resolving Aβ structural conformations 

Aβ fibril structure is highly ordered with the diameter ranging from 7-10 nm and 

contains a high β-sheet content. Aromatic amino acid residues in the core region of β-

sheet help stabilize the β-segments which are oriented perpendicular to the fibril axis. 

Mutations in Aβ residues to aromatic residue substitution favor amyloid fibril formation. 

(Bitan, Kirkitadze et al. 2003, Kayed, Head et al. 2003). 

Several attempts to characterize Aβ42 fibril structure formed in vitro and one that 

formed in Alzheimer’s patient brain have been made. It is critical to study the filaments 

from Aβ42 because it plays a central role in AD pathology. The structure resolved of 

Aβ42 fibrils by cryo-EM indicates the presence the S-shaped protofilament folds that is 

observed in two different the kinds of filaments examined (Yang, Arseni et al. 2022). 

1.3.2. Premise behind oligomeric Aβ species 

The link between Aβ plaques and cognitive decline has not been well established. 

The intermediate soluble Aβ oligomers being reported as neurotoxic and 

neuroinflammatory appears to be a plausible theory of explaining the non-correlation 

(Haass and Selkoe 2007, Ribarič 2018). Aβ oligomers are somewhat globular in shape (3-

10 nm) called as Aβ-derived diffusible ligands (ADDLs) and they are composed mostly 

of Aβ40 and Aβ42 (Klein 2002, Baldassarre, Baronio et al. 2017). These have been 

biggest contributors of loss of alertness and memory (Kelly, He et al. 2017). The 

appearance of soluble oligomeric Aβ species results in oxidative stress, cell membrane 

disruption, ion channel formation and apoptosis of cells (Carrillo-Mora, Luna et al. 

2014). Protofilaments (Serpell, Sunde et al. 2000). The conformational elements of small 
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oligomeric and prefibrillar species determine the pathogenicity of these misfolded, 

aggregated structures. 

1.3.3. Protofibrils: Morphology and physical properties 

Aβ protofibrils were discovered using size exclusion chromatography system 

represented by a large (>100 kDa, 200 nm length, 5 nm diameter) peak before Aβ42 

monomers (Walsh, Lomakin et al. 1997). They are high-molecular weight, soluble 

intermediate aggregates with quite stable and developed structure found in the brain 

senile plaques (Coalier et al. 2013, Chen et al. 2017). Aβ42 protofibrils represent a 

polydisperse population of non-spherical, small curvilinear structures and remain soluble 

while centrifugation at 16,000-18,000 g (Kodali and Wetzel 2007). The hydrodynamic 

(RH) radii range between 10 to 30 nm (Walsh, Lomakin et al. 1997, Harper, Wong et al. 

1999, Nichols, Colvin et al. 2015). It can be viewed using electron microscopy (EM), 

consisting mostly of β-sheet secondary structure and partially random coils and α-helix 

(Walsh, Hartley et al. 1999). 

SEC-purified Aβ42 protofibrils lie in the molecular weight range of 200-2000 

kDa (Nichols, Colvin et al. 2015). Aβ42 protofibrils are much more stable than Aβ40 

protofibrils (Coalier, Paranjape et al. 2013). These aberrant assemblies predominate when 

started with equal mixtures of Aβ40 and Aβ42 (Terrill-Usery, Colvin et al. 2016). Aβ42 

protofibrils imaged by TEM displayed size of 50-100 nm in length whereas Aβ42 fibril in 

aCSF were determined to be >1 μM in length (Figure 1.6) (Paranjape, Terrill et al. 2013). 
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Figure 1.6. Imaging Aβ protofibril and fibril structure by electron microscopy. A. 
Protofibrils (52 µL) was applied to a copper formwar grid and imaged by transmission 
electron microscopy (TEM). The scale bar represents 100 nm. B. SEC-purified aged 
Aβ42 monomer (58 µM) solution was prepared in aCSF buffer. The fibrils formed when 
the monomer solution was agitated for 72 h at 25C. The solution was centrifuged, 
supernatant removed, and pellet was reconstituted in a fresh aCSF buffer. TEM image 
obtained of the fibril pellet. The scale bar represents 100 nm (Paranjape, Terrill et al. 
2013) 

The diameter of protofibril is smaller as compared to the fibrils. Most groups have 

shown that the transition from protofibril to fibril is very slow and can take place without 

any observed changes in the diameter because of end-to-end attachments of monomers on 

protofibril ends (Harper et al. 1997, Harper et al. 1999). The conversion of protofibrils to 

fibril can also occur by lateral association (Nichols, Moss et al. 2002). 

It has been observed that the Arctic mutation in APP results in high chances of the 

production of a species that forms protofibrils easily (Nilsberth, Westlind-Danielsson et 

al. 2001). 

1.3.4. Significance of soluble Aβ protofibril species studies 

Aβ protofibrils are treated as a precursor to fibrils and they have been known to 

behave as a seed for the aggregation process (Harper, Lieber et al. 1997). Iwatsubo’s 

A. 

100 nm 

B. 
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group observed the deposition of Aβ in the brain when Aβ42 protofibrils were introduced 

into the brains of A7 mice overexpressing human APP and with the corresponding 

mutations (Hori, Hashimoto et al. 2015). Some research groups have clearly 

demonstrated Aβ protofibrils to be the causative agent for neuronal injury (Pike, 

Walencewicz et al. 1991, Busciglio, Lorenzo et al. 1992). 

Protofibrils portray toxicity to neurons (Walsh, Hartley et al. 1999), disrupting the 

calcium ion-channels (Ye, Selkoe et al. 2003), inhibit hippocampus functioning 

(O'Nuallain, Freir et al. 2010). Over the years, it has been established that Aβ protofibrils 

have unique structural aspects that encourage stimulation of immune cells. A 

protofibrils incite the release of proinflammatory cytokine such as tumor necrosis factor α 

because of microglial cells interaction and stimulation (Paranjape, Terrill et al. 2013, 

Gouwens, Makoni et al. 2016) much more robustly through Toll-like receptors and 

NLRP3 inflammasome (Udan, Ajit et al. 2008, Ajit, Udan et al. 2009, Paranjape, 

Gouwens et al. 2012) (Figure 1.7). It has been shown that micro vesicles trafficked from 

primary microglia binds to A42 protofibrils at a greater affinity to A42 monomers 

(Gouwens, Ismail et al. 2018). A42 protofibrils have been indicated to generate pro and 

mature forms of intracellular interleukin-1 (IL-1) protein through multiple pathways 

such as activation of Nod-like receptor (NLRP3) inflammasome or TLR/myeloid 

differentiation protein (MyD88) mediated priming (Terrill-Usery, Mohan et al. 2014). 
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Figure 1.7. A42 protofibrils stimulate the release of TNFα. Solutions of A42 
protofibrils, monomers and fibrils with final concentration of 15 µM were incubated with 
primary murine microglia cells for 6 h. Condition medium was tested for TNFα secretion 
by ELISA. Error bars represent the average ± std error of n=6 (Paranjape, Gouwens et al. 
2012) 

The protofibrils cause disruption of cellular homeostasis, loss of membrane 

integrity and fluidity, oxidative stress, calcium dysregulation, lipid peroxidation, 

inflammation, and synaptic toxicity (Ono and Tsuji 2020). High-molecular weight Aβ42, 

corresponding to Aβ42 protofibrils, displayed higher cytotoxicity and neurotoxicity in 

SH-SY5Y neuroblastoma than low-molecular weight Aβ42, representing small oligomers 

(Yasumoto, Takamura et al. 2019) (Figure 1.8). Aβ protofibrils affect neuronal 

membrane fluidity and directly causes mitochondrial respiratory chain impairment 

(Pohanka 2014). 
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Figure 1.8. High-molecular weight Aβ42, represented as Aβ42 protofibrils pose 
cytotoxic effects. A. High-molecular weight Aβ42 are more toxic to the cells when 
examined by MTT assay. B. High-molecular weight Aβ42 are more cytotoxic than low-
molecular weight Aβ42 when evaluated through LDH assay. B. High-molecular weight 
Aβ42. C. High-molecular weight Aβ42 induces more severe oxidative stress than low-
molecular weight Aβ42 in SH-SY5Y cells. D. High-molecular weight Aβ42 affects 
fluidity of cell membrane to a greater extent than low-molecular weight Aβ42. 
(Yasumoto, Takamura et al. 2019) 

1.4. Anti-amyloid-β immunotherapy 

1.4.1. Adaptive immune system overview 

Antibodies or immunoglobulins are proteins that are synthesized by B-cell 

lymphocytes. They are a part of the adaptive immune system. Immunoglobulins possess a 

variable region that confers the specificity of the antibodies (Neuberger et al. 2008). 

Constant domains help in purification using protein A/G. The region of the antigen that 

interacts with the antibody is called the epitope. Antibodies can be raised against any 

A. B. 

C. D. 
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protein, proteins with post-translational modifications, for other antibodies such as 

secondary antibodies. Immunization elicits an antigen-specific immune response. B-cells 

are activated in response to an antigen to produce and secrete their antibodies. Antigens 

are multivalent and can have many epitopes. Epitopes are regions on the antigen which 

can elicit an immune response. The serum contains antibodies produced from many 

clones of B-cells and these antibodies are polyclonal. Polyclonal antibodies can have 

desirable, broad specificities and have multiple epitopes. Monoclonal antibodies, on the 

other hand, arise from a single clone of cells (Saper et al. 2009). Monoclonal antibody 

generation is preferred because it ensures efficient, directed creation of desired 

specificity, large-scale production, reproducible behavior, scalable manufacturing, 

minimal animal usage, can be engineered for suitable needs (Bradbury, Trinklein et al. 

2018). 

B-cells, antibody producing cells, are difficult to culture and are short-lived in 

vitro. When they are fused in myeloma cell line forms an immortal hybridoma with both 

the chromosomes in one cell. This is called hybridoma technology. Recombinant 

antibody technology results in isolation of DNA sequences responsible for encoding HC 

and LC, which is then transfected in a heterologous host cell line. This is referred to as 

recombinant antibody technology. Antigen-specific B-cells are sorted into 96 well plate, 

cloned and express, culture, purification (Bradbury, Trinklein et al. 2018). 

1.4.2. Relevance of antibodies in AD research 

Antibodies are critical tools to infer details about all the different aspects of AD 

including research, diagnostic and therapy. Many antibodies were significantly involved 

in the detection of pathological hallmarks in AD brain (Wong, Quaranta et al. 1985). 
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Moreover, antibodies have allowed quantitative measurements of A level in human 

fluids (Seubert, Vigo-Pelfrey et al. 1992). Interestingly, development of C-terminal 

selective antibody helped resolve the difference in the primary structure of Aβ40 and 

Aβ42 (Gravina, 1995). 

1.4.3. Conformational-selective antibodies as therapeutics 

Antibodies usually provide the clue for the existence of conformationally-diverse 

species in AD tissue samples from humans and mouse models (Georganopoulou et al. 

2005).  The development of conformational-selective antibodies has been instrumental in 

probing A protofibrils and fibrils species in cell, animal models, and human fluids and 

tissues (Kayed et al. 2007, Deshpande et al. 2009, Koffie et al. 2009). There have been 

several pitfalls for the success of these antibodies. Nevertheless, these antibodies are 

successful in effective therapeutic targeting and have potential in AD therapeutics. 

There has been an administration of anti-Aβ monoclinic antibodies (mAbs) as 

passive immunization agents for AD (Van Dyck et al. 2018). The murine form, 3D6, of 

Bapineuzumab (humanized IgG1 anti-Aβ mAb) was observed to be bound to the residues 

at N-terminal to phagocytose the fibrillar and soluble forms of Aβ in PDAPP transgenic 

mice brain (Bard et al. 2000). The murine precursor m266 of Solanezumab, an IgG1 

mAb, has an affinity towards the middle residues 16-26 and cleared Aβ monomer in 

transgenic mice (DeMattos et al. 2001). Gantenerumab is the first fully human IgG anti-

Aβ mAb. The epitope of this antibody includes a few residues from N-terminal and some 

from the central region. It made a significant contribution in reducing the Aβ plaque 

formation in PS2APP transgenic mice by employing microglia (Bohrmann et al. 2012). 
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Crenezumab binds to the mid-domain of Aβ peptide and has an affinity towards multiple 

conformations. It was engineered on an IgG4 backbone (Adolfsson et al. 2012).  

Lecanemab (BAN2401), a humanized IgG1 conformational-selective monoclonal 

antibody and its murine version mAb158, binds with high selectivity to soluble A 

protofibrils compared to monomeric Aand with moderate selectivity for fibrils 

(Lannfelt, Möller et al. 2014, Logovinsky, Satlin et al. 2016). Several research studies 

showed that BAN2401 diminished A protofibril levels in brain tissues and CSF of AD 

transgenic mouse model and enhanced neuronal functioning (Englund, Sehlin et al. 2007, 

Söllvander, Nikitidou et al. 2018). The antibody was in its 4-year Phase 3 clinical trial 

earlier this year (Kwon, Iba et al. 2020) and the results displayed a reduction in cognitive 

decline but were associated with adverse events. Longer trials are needed to ensure safety 

and efficacy of the antibody candidate (van Dyck et al. 2022). Lecanemab has been 

making the way towards neuroimaging as in vivo positron emission tomography (PET) 

agents in the central nervous system. Radiolabeled single-chain variable fragment (scFv) 

region of Aβ selective antibody, mAb 158, was engineered with Fab fragment of TfR 

antibody recombinantly in the form a TribodyTM structure to assist in interaction with 

transferrin receptor to cross the blood-brain barrier (BBB) (Syvänen, Fang et al. 2017). 

Aducanumab is the first potential anti-amyloid treatment approved by US 

regulators for mild AD patients to tackle the underlying cause of AD. Biogen’s 

aducanumab portrays selectivity towards soluble A and insoluble A and has been 

granted accelerated approval to pace down cognitive decline in AD patients when given 

at higher doses (Sevigny, Chiao et al. 2016).  
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Table 1.1 Conformational-selective antibodies known in AD research. 

Drug Company Mechanism or 
specificity 

Comment Reference 

Bapineuzumab, 
humanized 
monoclonal 
antibody, binds to 
N-terminal region of 
A 

Janssen/Pf
izer 

Binding towards 
oligomeric A, 
slightly lower 
affinity towards 
monomer 

No cognitive 
benefits, high 
ARIA, Phase III, 
discontinued 

(Salloway, Sperling et al. 2009, Black, 
Sperling et al. 2010, Rinne, Brooks et 
al. 2010, Blennow, Zetterberg et al. 
2012, Salloway, Sperling et al. 2014, 
Hu, Adedokun et al. 2015, Lacey, 
Bobula et al. 2015, Liu, Schmidt et al. 
2015, Arrighi, Barakos et al. 2016, 
Ivanoiu, Pariente et al. 2016, 
Vandenberghe, Rinne et al. 2016, 
Ketter, Brashear et al. 2017, Suzuki, 
Iwata et al. 2017, Brashear, Ketter et 
al. 2018, Cehlar, Skrabana et al. 2018, 
Kwan, Konno et al. 2020) 

Solanezumab, 
humanized 
monoclonal 
antibody IgG1, 
binds to central 
region of A 

Eli Lilly Stabilize 
monomer A 
and prevents 
formation of 
soluble A, 
Does not target 
fibril 

No cognitive 
benefits, low 
ARIA, Phase III 

(Doody, Thomas et al. 2014, Suzuki, 
Iwata et al. 2017, Folch, Ettcheto et al. 
2018, Honig, Vellas et al. 2018, 
Schwarz, Sundell et al. 2019, Se Thoe, 
Fauzi et al. 2021) 

Crenezumab, 
MABT5102A or 
MABT, IgG4, mid-
region of A 

Hoffmann
-La Roche 

Similar affinity 
with monomers, 
oligomers, 
fibrils, plaques 

No cognitive 
decline, Phase 
III 

(Goure, Krafft et al. 2014, Ramirez 
Aguilar, Acosta-Uribe et al. 2019, 
Kwan, Konno et al. 2020, Yoshida, 
Moein et al. 2020) 

Gantenerumab, 
humanized IgG1, 
recognizes C-
terminal and central 
region 

Hoffmann
-La Roche 

Towards A 
oligomers and 
fibrils, prevents 
fibril elongation 

II and III (Ostrowitzki, Deptula et al. 2012, 
Panza, Solfrizzi et al. 2014, 
Ostrowitzki, Lasser et al. 2017, 
Suzuki, Iwata et al. 2017, Panza, 
Seripa et al. 2018, Klein, Delmar et al. 
2019, Kwan, Konno et al. 2020, 
Portron, Jordan et al. 2020) 

Ponezumab, 
humanized IgG2 
antibody, C-terminal 
region of A40 

Pfizer A1-40 
oligomers and 
fibrils, not to 
monomers 

II, discontinued (Burstein, Zhao et al. 2013, Landen, 
Zhao et al. 2013, Miyoshi, Fujimoto et 
al. 2013, Goure, Krafft et al. 2014, 
Landen, Andreasen et al. 2017, 
Landen, Cohen et al. 2017, Kwan, 
Konno et al. 2020) 

Lecanemab, 
BAN 2401, 
mAb158 

Biogen/Ei
sai 

Binds 
selectively to 
soluble 
Aprotofibril, 
binds to fibrils 
as well 

III, positive 
results, less 
ARIA observed, 
slows 
progression, 
improves 
cognition 

(Logovinsky, Satlin et al. 2016, Satlin, 
Wang et al. 2016, Panza, Lozupone et 
al. 2019, Swanson, Zhang et al. 2021) 

Aducanumab,  Biogen 
Neurimm
une 

Specificity 
towards 
aggregated A 

IV, Accelerated 
approval 

(Ferrero, Williams et al. 2016, 
Sevigny, Chiao et al. 2016, Chiao, 
Bedell et al. 2019) 
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CHAPTER 2: METHODS 

2.1. Size-exclusion chromatography (SEC) of Aβ42 

Synthetic Aβ42 peptide was purchased from ERI Amyloid Laboratories, formerly 

called W. M. Keck Biotechnology Resource Laboratory (CT). Aβ was dissolved in 100% 

hexafluoro isopropanol (HFIP, Sigma-Aldrich, Saint Louis, MO) to obtain a 1 mM Aβ 

solution. Aliquots of the solution were prepared in sterile microcentrifuge tubes and were 

left uncovered at room temperature overnight in a fume hood for HFIP to entirely 

evaporate. Aliquots were vacuum-centrifuged the following day to obtain a thin-filmed 

tube with Aβ and stored in a desiccant at -20C (Paranjape et al. 2012).   

2.1.1. Aβ42 protofibril purification prep by SEC  

An aliquot of lyophilized Aβ (0.9 mg) is pulled out from -20C and was 

reconstituted in 100 µl of 50 mM NaOH solution and pipette mixed well. The solution 

was then treated with 900 µl of prefiltered (0.22 μm) artificial cerebrospinal fluid buffer 

(1mM Na2PO4, 130mM NaCl, 15mM NaHCO3, 3mM KCl pH 7.8) or TRIS buffer pH 8. 

The mixture was incubated at room temperature for 20 minutes and was centrifuged at 

17,000 g for 10 min to prevent insoluble fibrils from loading onto the column. The 

prepared Aβ42 was fractionated on a 25 ml Superdex 75 HR 10/30 column (GE 

Healthcare) with a fractionation range of 3-70 kDa using an AKTA fast protein liquid 

chromatography system (GE Healthcare) as previously described (Terrill-Usery, Colvin, 

et al. 2016). The column was washed with milliQ water and later with the appropriate 

buffer being used for 1 column volume. 1 ml of bovine serum albumin (2.5 mg/ml) was 

injected through the column to avoid any non-specific binding of Aβ prior to Aβ fraction 

isolation. Aβ sample was loaded onto the column using a 1 ml sample loop and Aβ42 
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protofibrils and monomers were eluted at 0.5 mL min−1 flowrate and 0.5 mL fractions 

were collected using a fraction collector into sterile, labeled, low-retention 

microcentrifuge tubes and immediately placed on ice. The delay volume between the UV 

detector and the fractions collected was monitored with BSA elution. Aβ42 

concentrations were determined by in-line UV absorbance trace (Unicorn software 5.01) 

using an extinction coefficient of 1450 cm−1 M−1 at 280 nm. The purification typically 

yielded Aβ42 protofibrils and Aβ42 monomers is shown. The various preps of Aβ42 

were purified using Superdex 75 which displayed essentially two peaks each time. Table 

2.1 provides intricate details about the prep number, date, time of incubation after the 

reconstitution process with NaOH, fraction number, concentration, percentage yield of 

total Aβ42, and monomer specifically. (Table 2.1) 

Table 2.1. Illustrates the concentration obtained and % yield of various preps where 
Aβ42 protofibril (PF) and monomer (M) have been isolated by SEC using Superdex 
75 column. Reconstitution was carried out in NaOH with aCSF (pH 7.8)/tris (pH 8)/PBS 
(pH 7.4)/buffer. 

Prep # Date Time of 
reconstituti
on (min) 

Buffer Aβ42 Fract. 
of 
highes
t conc. 

Highest 
concentration 
(µM) 

Total 
recover
y (%) 

Monomer 
recovery 
(%) 

561 9/26/19 30 aCSF PF 14,15 18 53 35 
561 9/26/19 30 aCSF M 29,30 33 53 35 
585 09/22/20 30 aCSF PF 13,14, 

15 
26 52 25 

585 9/22/20 30 aCSF M 29,30 24 52 25 
586 10/1/20 30 aCSF PF 13,14 36 50 19 
586 10/1/20 30 aCSF M 13,14 19 50 19 
590 12/9/20 25 aCSF PF 13,15 32 52 13 
595 2/2/21 0 aCSF PF 13,15 17 48 27 
595 2/2/21 0 aCSF M 29,31 17 48 27 
597 3/15/21 0 PBS PF 13,15 19 54 25 
597 3/15/21 0 PBS M 29,31 17 54 25 
605 6/22/21 0 PBS PF 14,15 33 54 25 
605 6/22/21 0 PBS M 30,31 20 a54 25 
610 11/19/21 20 aCSF PF 14,15 28 50 26 
610 11/19/21 20 aCSF M 30,31 23 50 26 
617 2/20/22 10 TRIS PF 14,15 27 54 32 
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617 2/20/22 10 TRIS M 28,29 30 54 32 
621 5/13/22 10 TRIS PF 14,15 32 64 37 
621 5/13/22 10 TRIS M 28,29 37 64 37 
622 6/21/22 20 aCSF PF 14,15 30 46 21 
622 6/21/22 20 aCSF M 30,31 19 46 21 
624 7/11/22 20 aCSF PF 14,15 28 46 20 
624 7/11/22 20 aCSF M 30,31 20 46 20 

 

 

2.1.2. Aβ42 monomer purification by SEC 

Superdex 200 column has a better separation resolution (GE Healthcare) with a 

fractionation range of 10-600 kDa and was used on the AKTA FPLC system for 

chromatographic isolation of Aβ monomer. The separation range of the column is 

determined by the size of the beads used to pack the column. The dry Aβ aliquot (0.9 mg) 

was reconstituted in a solution containing 10 mM NH4OH and 6 M guanidinium 

hydrochloride (GuHCl) and then incubated for 20 minutes at room temperature. The tube 

was spun at room temperature at 17,000 g for 10 min and was injected into the column. 

Aβ monomer and oligomeric fractions are obtained in the same way as described in the 

previous section.  

The concentration obtained from the in-line UV absorbance curve was 94 µM 

(fraction 33) as mentioned in the first entry of Table 3.2. For most of the Aβ42 

purification preps, aCSF pH 7.8 buffer was used for the reconstitution of dried Aβ42. 

Maximum recovery of total Aβ42 and the highest concentration of monomer was 

observed on 20 min incubation (Table 2.2).  

Table 2.2. Illustrates the concentration obtained and % yield of various preps where 
Aβ42 monomer has been isolated by SEC using Superdex 200 column. Reconstitution 
was carried out in GuHCl, NH4OH aCSF (pH 7.8)/tris (pH 8)/PBS (pH 7.4)/buffer.  
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Prep 
# 

Date Time of 
reconstit
ution 
(min) 

Buffer Fract. 
of 
highest 
conc. 

Highest 
concentration 
(µM) 

Total 
recover
y (%) 

Monomer 
recovery 
(%) 

560 8/26/19 - aCSF 33 94 48 20 
563 10/9/19  aCSF 33,34 42 36 30 
564 10/13/19  aCSF 32,33 37 27 24 
565 10/15/19  aCSF 33 86 68 46 
567 10/30/19  aCSF 32,33 55 43 33 
583 9/1/20 5 aCSF 32,33 63 53 39 
584 9/21/20 20 aCSF 33,34 63 55 37 
586 11/8/20 20 aCSF 31,32 59 55 37 
589 11/21/20 20 aCSF 33,34 53 59 38 
591 12/10/20 20 aCSF 33,34 46 82 41 
592 12/18/20 25 aCSF 33,34 56 89 49 
594 1/20/21 20 aCSF 33,34 56 94 52 
596 2/23/21 20 aCSF 33,34 57 72 43 
599 3/27/21 20 aCSF 33,34 49 70 40 
606 7/12/21 30 aCSF 33,34 57 55 32 
607 8/30/21 20 aCSF 33,34 51 63 34 
611 12/6/21 20 aCSF 33,34 47 60 28 
613 12/21/21 60 TRIS 31,32 39 60 9 

 

2.2. Aβ42 fibril preparation 

Aβ42 fibrils were prepared from aged SEC-purified Aβ42 monomers (usually 

older than 3-4 months) stored in low-retention (siliconized) tubes at 4°C. Fibril formation 

in the Aβ42 monomer sample was confirmed by thioflavin T fluorescence using the Cary 

Eclipse fluorescence spectrophotometer. The sample proceeded to further steps if it 

displayed a high fluorescent signal as compared to the ThT control sample. The solution 

was spun by centrifugation at 17,000g for 10 min, the supernatant was removed, and the 

insoluble pellet was reconstituted in the same volume of freshly prepared aCSF or TRIS 

buffer. Thioflavin T fluorescence was measured again for the reconstituted pellets and the 

supernatant was removed to ensure that the fibrils did not get transferred into the 

supernatant. 
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2.3. Immunization of rabbits and cloning of monoclonal antibodies 

2.3.1. Immunization of rabbits 

SEC-purified Aβ42 protofibrils were shipped overnight on ice to Pacific 

Immunology (Ramona, CA). Two New Zealand White rabbits (PAC-12155 and PAC-

12156) were immunized with 0.1 mg Aβ42 protofibrils in Complete Freund’s Adjuvant. 

Two additional immunizations were administered at 25 and 46 days with 0.1 mg Aβ42 

protofibrils in Incomplete Freund’s Adjuvant. At 53 days, serum from an initial bleed of 

each rabbit was shipped overnight for testing at the University of Missouri-St. Louis. At 

58 days, following confirmation that the serum was selective for Aβ42 protofibrils, a 

lethal intravenous injection of Euthasol solution was administered to each rabbit at a 

manufacturer- and veterinary-recommended dosage of 1 mL per 10 lbs of body weight. 

Euthanasia by intravenous injection of an overdose of pentobarbital sodium in 

combination with phenytoin sodium is consistent with the recommendations of the Panel 

on Euthanasia of the American Veterinary Medical Association. The spleens and bone 

marrow were harvested and sent to ExonBio for monoclonal antibody development. 

2.3.2. Biotinylation of Aβ protofibrils 

Aβ42 protofibrils were biotinylated using amine-based conjugation per vendor 

protocols (ThermoFisher Scientific). Aβ42 protofibrils (1 ml, 0.27 mg/ml) in aCSF pH 

7.8 were mixed with N-hydroxysuccinimide (NHS)-polyethylene glycol (PEG)4-biotin 

ester at a 20-fold molar excess of biotin relative to Aβ and incubated for 30 min with 

orbital mixing at 25 C. The labeling mixture was separated chromatographically on 

Superdex 75. Aβ42 protofibril fractions eluting in the void volume were collected, and 

concentrations were determined by in-line UV absorbance, pooled, and tested for biotin 
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incorporation using a modified indirect ELISA. The indirect ELISA was conducted in a 

similar manner to that described above with purified protofibril labeling product pool and 

unlabeled protofibrils coated on plates followed directly by the addition of streptavidin-

HRP and completion of the ELISA. Following characterization of the biotinylated Aβ42 

protofibrils, 1 ml of the product (22 μM, 0.1 mg/ml) was shipped overnight on ice to 

ExonBio. 

2.3.3. Circular dichroism 

Aβ42 protofibril samples were analyzed as previously described (Dhami, et al. 

2022) without modification using a Jasco J-1500 circular dichroism spectrometer 

measurements. Wavelength scan spectra represent the average of 20 accumulations for 

each Aβ sample. Buffer control spectra were averaged and subtracted from Aβ sample 

spectra. Each data point ([θ]obs, deg) was converted to mean residue ellipticity ([θ], deg 

cm2 dmol-1) using a molecular weight of 4514 g/mol for Aβ42 divided by 42 residues. 

2.3.4. Isolation of splenetic B-cells 

Spleens from PAC-12155 and PAC-12156 rabbits were harvested 7 days after the 

final boost and transported from Pacific Immunology to ExonBio. Spleen lymphocytes 

were prepared on a Ficoll-Paque PLUS gradient by centrifugation at 1200g for 30 min 

and collected at the interface. Individual antigen-specific plasma cells were selected from 

the isolated splenocytes by Single Plasma Cell Interrogation (SPIN®) microfluidic 

technology utilizing biotinylated Aβ42 protofibrils as a probe. Heavy chain (HC) and 

light chain (LC) variable region mRNA was obtained from lysates of SPIN®-isolated 

individual B-cells, reverse-transcribed to DNA, PCR-amplified, and cloned into pRab293 

HC and LC vectors. Cloning of plasmids monoclonal antibodies mAbSL 113 and 108 
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was performed at ExonBio, while others were cloned at University of Missouri-St. Louis 

uses similar methods. 

2.3.5. Agar plate preparation 

In the cell-culture hood, 7.5 g of solid agar was added to 500 ml of LB broth in a 

500 ml conical flask under sterile conditions. The flask for covered with aluminum foil 

and autoclaved for 30 minutes. The flask was cooled to ~60°C and ampicillin (100 ug/ml) 

was added to the media and swirled well. The protocol calls for 20 agar plates. The media 

was poured ~20 ml or up to half the height of the 100 mm petri dish. The petri dish was 

capped and sealed. It was allowed to solidify at room temperature, and it took 

approximately 30 min. The plate was stored at 4°C in a sealed plastic bag for future use. 

2.3.6. Formulation of LB broth 

10 g of Tryptone, 5 g of Yeast extract, and 10 g of NaCl were mixed in a 1L 

sterile Erlenmeyer flask with 950 ml of milliQ water. The homogenized mixture was 

adjusted to the pH of 7.5 and the volume was brought to 1L. The homogenized solution 

was autoclaved. Usually, LB broth (Fisher Sci) was bought commercially for 

experiments. It was prepared in the lab while troubleshooting site-directed mutagenesis 

experiments. 

2.3.7. Preparation of competent DH5α E. coli cells 

A tube of 50 μl DH5α stock cells was thawed from a -80°C freezer and the cells 

were inoculated on the pre-warmed LB agar plate (without ampicillin) using the four-

quadrant streak method on the first day. The agar plate was sealed and incubated in a 

37°C incubator for 24 hours. A single colony of DH5α E. coli cells was transferred with 

an inoculation loop into a separate tube containing 10 ml LB media. The tube was kept 
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shaking at 225 rpm for 24 hours in a 37°C incubator on the second day. On the third day, 

1 ml of the 10 ml overnight culture was put into a 100 ml fresh LB broth and kept for 

shaking in an incubator at 37°C for 3 hrs. It was transferred to two 50 ml conical tubes. In 

a separate beaker, 30 ml of 0.1 M CaCl2 was prepared. 2 ml of 0.1 M CaCl2 was mixed 

with 0.5 ml of 100% glycerol (final concentration 15-20%). The solution was filtered 

through a 0.2 μm syringe filter and was chilled on ice. 50 ml tubes were spun at 4,000 g 

for 10 mins and supernatants were discarded. The pellet was resuspended in 20 ml of 0.1 

M CaCl2 and transferred to the next conical tube to resuspend the second pellet. The cells 

were incubated on ice for 30 min and spun again at 4,000g at 4°C for 10 minutes with the 

supernatant discarded. The pellet was then resuspended in 2.5 ml of a prechilled solution 

of CaCl2 and glycerol. 50 μl of the cell solution was aliquoted to sterile Eppendorf tubes 

and the aliquots were flash-frozen in liquid nitrogen. The bacterial cells were stored in an 

-80°C freezer and were later used for transformation whenever needed. 

2.3.8. Cloning of assembled DNA fragments into pRab293 plasmid 

Indirect ELISA was used to screen for numerous HEK supernatants that were 

shipped from ExonBio. Fourteen positive hits were selected for cloning and further 

characterization. DNA of these selected antibodies was obtained either in full plasmid 

form (ready for transformation) or assembled fragment form. The purpose of the protocol 

was to fully anneal the DNA-assembled fragments (Exon Bio) of the antibodies (a heavy 

chain and a light chain per antibody) into pRab293 vectors which has an ampicillin-

resistant gene built in them. A specific thermocycler program was used to facilitate the 

annealing of DNA assembled fragments (contained V-region of either HC or LC) to 

corresponding linearized vectors that contained the IgG constant regions and ampR gene 
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for selection (pRab293H2 or pRab293L3, respectively). Annealing reactions were 

conducted using a Phusion high-fidelity DNA polymerase kit (Thermo Scientific) and 

were comprised of 1 μL 5xPhusion HF buffer (Fischer Sci), 2 μL 10 ng/μL linearized 

vectors (ExonBio), 1 μL of diluted (1:10) DNA assembled fragments, and 1 μL of 

nuclease-free water. To facilitate DNA annealing, the thermocycler heat block was 

stimulated at 98°C for a 30s, decreased rapidly to 94°C for 1 min, started 90°C and 89°C 

cycle (20s/ step), and then the temperature gradually reduced to 30°C with a ∆Temp/cycler 

= -2°C and ramp rate of 0.1°C/s and a step time of 20 sec. 

2.3.9. Transformation of plasmid into DH5-α competent cells 

The annealed plasmids were then immediately used to transform into CaCl2-

treated competent DH5α cells. Per transformation, 2 μL of the annealing plasmid of 

interest was pipetted into a 1.5 mL Eppendorf tube that contained 50 μL of pre-chilled 

competent DH5α cells, mixed by tapping the tube and incubated in an ice bucket for 30 

min. The heavy chain and light chain plasmids were transformed into their own 1.5 ml 

tubes. The transformation was induced by heat-shock the tube at 42°C in a water bath for 

1 min, followed by ice incubation for 1 min, reconstituted the mixture was in 1 mL S.O.C 

medium (cat. no. 15-544-034, ThermoFisher Scientific) and incubated the tube at 37°C 

with shaking at 225 rpm for 1 hour. Transformed cells were concentrated by 

microcentrifugation at 5000g for 10 min, followed by the removal of 900 uL of the 

supernatant, and reconstituted the cell pellet into the left-over 150 uL medium. All 

transformed cells were then aseptically spread with a sterile L-shaped spreader onto a 

pre-warmed LB-agar-ampicillin plate and incubated overnight at 37°C in a quiescent 

condition. 
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2.3.10. Preparation of gridded patch plate for correct plasmid determination 

The next day, isolated bacterial colonies resulting from transformed cells on a 

transformation plate were transferred to a new LB-agar-ampicillin patch plate (with a 

toothpick) that was numerically labeled for further colony testing. The plates were called 

patch plates and were grown overnight at 37°C in quiescent condition and stored at -20°C 

until further colony assessment. Separate patch plates were prepared for heavy and light 

chain plasmids. The patch plates were used for colony PCR to screen for bacterial 

colonies that contained the correct insert of the plasmid of interest. 

2.3.11. Colony PCR of E. coli cell colonies 

The colony-wise screening was carried out from a patch plate using colony PCR 

followed by gel analysis to ensure the presence of the correct genetic construct of the 

plasmid. PCR reaction tube consists of a total 25 μL solution: 12.5 μL of 2X PCR Master 

mix (cat. no. FERK0171, ThermoFisher Scientific), 2.5 μL of 10 μM forward primer 

(pRab293-F, ATC CAC TTT GCC TTT CTC TC), 2.5 μL of 10 μM reverse primer 

(RabIgH-R3 for HC, ACC GTG GAG CTG GGT GTG T or RabIgK-R9 for LC, TGG 

TGG GAA GAT GAG GAC AG, ThermoFisher Scientific) and 7.5 μL of nuclease-free 

water. The cells from corresponding colonies were picked up from the patch plate and 

added to the numerically labeled PCR reaction tubes using a sterile pipette tip. The cells 

were thoroughly mixed with PCR solution. The thermocycler PCR program entailed 

initial denaturation performed at 98°C for 1 min, followed by 25 cycles of denaturation at 

98°C for 5s, an annealing step at 60°C for 15 s, and an extension step at 72°C for 2 min 

30 s. The final extension step was set up at 72°C for 10 min and the reaction tube was 

cooled to 10°C. 
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2.3.12. Gel electrophoresis of cell colonies 

2% agarose gel was cast to screen colonies for PCR reactions and was run at 

100V for 45 mins. The gel was prepared by adding 10 g of agarose powder, and 10 ml of 

50X TAE buffer into 490 mL of deionized water (1:50) in a 1L glass bottle. Agarose was 

completely dissolved in the solution by heating it in a microwave oven. 20uL of 

10mg/mL EtBr (DNA intercalating agent, carcinogen) was added to the gel solution after 

cooling it down. The agarose solution was slowly poured into the gel cassette with the 

combs being set to the correct position to create the sample wells. The gel was left for 30 

minutes to solidify. 1X TAE buffer was used to cover the gel in the cassette. The first 

well has a 10 μL quick-load 2-log DNA ladder (0.1-10.0 kb) (cat. no. 50-152-6414, 

ThermoFisher Scientific). The rest of the lanes were loaded with 20 μL pre-mixed 

solution of PCR reaction with 1 μL of 6X loading dye (cat. no. FERK0171, 

ThermoFisher Scientific). The gel was run, and the positive inserts were identified as 

those which displayed the band around 500 kb with the gel imager. This confirms that the 

plasmid of interest has been incorporated into the competent bacterial cells. 

2.3.13. Mini-prep and sequencing of positive colonies 

Miniprep was performed using Purelink Quick Plasmid Miniprep Kit (cat. nos. 

K210006, K210010, ThermoFisher Scientific) to extract purified plasmid DNA on a 

small scale from the positive colonies. Overnight culture of bacterial colonies 

transformed with HC and LC plasmids with confirmed variable-chain inserts (n ≥ 3 

colonies) were grown overnight in a conical tube containing 5 mL LB broth and 5 μL 

1000X Ampicillin (100 μg/mL) under sterile conditions at 37°C with continuous shaking. 

Liquid bacterial culture centrifuged at 5000 g for 10 min. Plasmid DNA was purified 
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using both Invitrogen™ PureLink™ Quick Plasmid Miniprep and Invitrogen™ 

PureLink™ HiPure Plasmid Maxiprep kits per recommended protocols. The supernatant 

discarded and harvested cell pellet was resuspended in 250 μL Resuspension buffer with 

RNase A (buffer stored at 4°C) by meticulously pipet-mixing the solution until it is 

homogenous. Lysis buffer (250 μL) was added to the tube and the tube was inverted 

gently 5 times to mix it well. The cell membrane was disrupted during this step and the 

contents came out in the solution. The mixture was incubated for 5 min at room 

temperature. It is followed by the addition of 350 μL precipitation buffer and vigorous 

shaking to homogenize the mixture. The lysate was centrifuged at 17,000 g for 10 min. 

The supernatant from this step contains our plasmid and was loaded onto a 2 mL wash 

tube spin column where the plasmid got bound to the column. It was centrifuged at 

13,800 g for 1 min and the flow-through was discarded. Wash buffer containing ethanol 

(700 μL) was added to the column and centrifuged again two times to discard the flow-

through. The spin column was placed in a 1.5 ml recovery tube and 30 μL of pre-heated 

TE buffer was poured into the center of the column. Incubation was done for 1 min at 

room temperature followed by centrifugation at 13,800 g for 2 min. The eluted purified 

plasmid DNA was procured, and purity and concentration were obtained using Nanodrop 

analysis. Samples were sent for sequencing at Eurofins Genomics. 

2.3.14. Maxi-prep of sequenced E. coli colonies 

Maxi-prep yields purified plasmid DNA at a large scale. Similar steps were 

followed for the mini-prep protocol except all the reagents were used with higher volume. 

Bacterial culture was initiated overnight by inserting the colony of interest in a 200 mL 

LB broth in a conical flask with 200 μL of 1000X Ampicillin. The flask was kept shaking 
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for 24 h at 37°C. Maxi-prep proceeded on the following day with the first application of 

30 mL Equilibration buffer to the column (part of the kit). The cell lysate was prepared 

by centrifugation of 200 mL of overnight LB-Ampicillin culture at 5000 g for 10 min at 

room temperature. The medium was removed and 10 mL of resuspension buffer with 

RNase added to a conical tube. The pellet was mixed well until completely resuspended. 

Lysis buffer (10mL) added, and the tube inverted 5 times to mix the solution well. The 

mixture was incubated for 5 min at room temperature to obtain a slimy solution. 

Precipitation buffer (10 mL) poured into the tube to precipitate out proteins and cellular 

debris. The tube was centrifuged at 13,000g for 10 mints after extensive mixing. Proteins 

precipitated in the form of while pellet. The supernatant from the previous step was 

poured into the column and was left to drain by gravity flow. The plasmid DNA gets 

bound to the column. The column was washed with wash buffer and later 15 mL of 

elution buffer added to it. The elution tube contained eluted DNA. 10.5 mL of 

isopropanol was added directly to the eluent to precipitate the DNA and centrifuged at 

12,000 g for 40 min at 4°C. Supernatant was carefully discarded, and the pellet washed 

with 5 mL of 70% ethanol, centrifuged at 12,000 g for 5 min at 4°C. The DNA pellet was 

air-dried for 15 min and the pellet resuspended in 200 μL of TE buffer. 

2.3.15. Plasmid DNA purity and concentration determination 

The samples and the control (TE buffer) were micro-spotted on a magnetic 

cassette as 2 μL. Gen5 software (Take 3 Session) was used to quantify the concentration 

of the plasmids. DNA purity (A260/A280 1.8-2.0) and concentration (200-500 ng/μL 

miniprep; 1000-3000 ng/μL maxiprep) was determined on an Epoch Nanodrop 

spectrophotometer (BioTek) and samples were shipped overnight to Eurofins Genomics 
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(Louisville, KY) for sequencing. The forward primer for pRab293-F variable-region 

sequencing was ATC CAC TTT GCC TTT CTC TC for both HC and LC. Plasmid DNA 

was stored at −20°C.  

HC and LC nucleic acid sequence ab1 files from Eurofins were converted to text 

using SeqVerter software. The HC and LC variable regions were located by searching for 

leader sequences just before the start of variable region and a short sequence at the start 

of the constant region. Identification of at least three matching sequences for both HC 

and LC produced the final nucleotide sequence for each antibody. Nucleotide sequences 

were converted to amino acid sequence with Expasy Translate and analyzed with 

EMBOSS Needle. Confirmed HC and LC plasmids were transformed into DH5α cells in 

a larger preparation, DNA isolated by maxiprep and re-sequenced at Eurofins. The entire 

cloning procedure is outlined in Figure 2.1. 

 

Figure 2.1. Design of cloning and expression of antibodies. Assembled HC & LC 
DNA fragments from each mAbSL candidate were cloned as described, transformed into 
DH5α bacterial cells, and grown in agar plates prepared with selective medium. Colonies 
were chosen and placed in a numbered grid agar plate. Colony PCR was conducted to 
verify insertion of DNA into vectors. Positive colonies were amplified, and the plasmid 
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DNA purified by mini-prep. HC & LC plasmids were sequenced at Eurofins (Louisville, 
KY) and co-transfected into FreeStyle 293F cells. 

 

2.3.16. Re-amplification of mAb HC and LC plasmid into E. coli cells 

The desired heavy-chain plasmid (2 μL) and light chain plasmid (2 μL) were each 

mixed into separate 50 μL of E. coli DH5α competent cells in a 1.5 mL microtube using a 

sterile tip. The tube was incubated on ice for 30 mins followed by a heat shock at 42°C 

on water bath for exactly 30 sec and then back on ice for 30 sec. 250 μL of Super 

Optimal broth with Catabolite Repression (SOC) was added to the mixture and was 

shaken at 225 rpm at 37 °C for 1 hour. The contents of the vial were added to a 250 mL 

Erlenmeyer flask which contains 200 mL of LB broth + 200 μL Amp. The flask was 

incubated 37°C, shaking at 225 rpm for 24 hours.   

2.4. Expression and purification of monoclonal antibodies 

2.4.1. FreeStyle 293 cell-culture  

FreeStyleTM 293 expression system (cat. no. K900001, ThermoFisher Scientific) 

was used for large scale transfection of 293 human embryonic kidney cells and these cells 

have the capability of having suspension growth. They have been well adapted to 

generate high levels of recombinant protein. The cells were grown in a defined, serum-

free FreeStyleTM 293 Expression media (ThermoFisher) stored at 4°C. The medium is 

optimized to support high-density culture, supplemented with GlutaMAX-I. The cells 

were frozen down and stored in liquid nitrogen in 1 ml cryovial aliquots with 90% 

FreeStyleTM 293 Expression media and 10% DMSO such that each cryovial contains 1 x 

106 cells. FreeStyleTM 293 Expression media (17 ml) was pre-warmed in a 125 ml 
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Erlenmeyer flask to which thawed 1 mL cryovial aliquot was added in a sterile 

environment. The cells were let grown at 37°C incubator in a humidified atmosphere of 

8% CO2 on a MidSci 19 mm orbital shaker platform at 125 rpm. The cell density was 

determined using Cellometer cell counter (Nexcelom Bioscience) to ensure healthy 

growth, good viability, and enough concentration of cells. The cells (20 μL) were mixed 

with trypan blue dye (20 μL) and the dilution factor was taken into consideration while 

counting the cells. The cells were passaged when the density was about 2-3 x 106 viable 

cells/ml usually on the third day. The subculturing was done in fresh, pre-warmed 

medium and cells were diluted to a final density of 0.1-0.2 x 106 viable cells/ml in a 250 

mL polycarbonate, sterile Erlenmeyer flask with 60 mL total volume of cell. The cells 

were typically diluted to 10 or 15-fold on day 3. Cells exhibited clumping which did not  

affect cell growth or viability. It was ensured that clumps were avoided during dilution. 

Transfection of cells with the plasmid of interest was carried out after 2-3 times of 

passaging. Viability and mean diameter 

2.4.2. Transfection of HC and LC plasmid into FreeStyle 293 cells 

Pre-transfection, the cells were split into half and were allowed to grow overnight. 

Transfection of the cells was performed when the cell density of at least 2 x 106 viable 

cells/ml was achieved. Transfection experiments were performed generally in 30 ml or 

120 ml volume using a 125 ml or 500 ml sterile Erlenmeyer flask. The final cell density 

for transfection was 1 x 106 viable cells/ml, amount of plasmid DNA used was 30 μg (1 

μg/ml), and 60 μl of 293 fectinTM for 30 μg plasmid (2 μl/μg plasmids). 293 fectinTM is a 

cation lipid-based transfection reagent that ensures high transfection efficiency. HC and 

LC plasmids (30 μg) were gently mixed in a pre-warmed OptiMEM to a total volume of 
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1 ml or 4 ml. 120 μL or 480 μL of 293fectinTM complex was diluted in pre-warmed 

OptiMEM to a total volume of 1 ml or 4 mL. Incubation was done for 5 mints and was 

ensured to be not longer than that. The diluted plasmid DNA and 293fectin complex were 

combined and incubated for 30 mints at room temperature to allow the formation of 

DNA-293fectin complex. Cell suspension was prepared by adding the needed volume of 

cell suspension into a sterile, disposable 125 ml or 500 ml Erlenmeyer shaker flasks to 

which pre-warmed expression medium was added to total the volume to 120 ml. DNA-

293fectin complex (8 ml) was added to the flask and was incubated shaking at 37°C in 

8% CO2 condition for 72 hrs. Table 2.3 and 2.4 details the concentration of plasmids, 

reagents and cells used for the transfection procedure. Figure 2.2 sums the entire 

expression procedure followed for the generation of monoclonal antibodies. 

Table 2.3. List of all the plasmids transfected in 293 F cell with the amount of each 
reagent used to generate monoclonal AbSL.  

Plasmid (1 mL DNA solution for 30 mL volume) 
 

293fectin (1 mL soln for 
30 mL vol) 

Date 
 

Plasmid 
 

μg/mL 
 

Expres‐
sion vol‐
ume (mL) 

plasmid 
μL for 1 
μg/mL 
 

Opti‐
MEM 
(μL) 
 

μL 293fectin 
(2 μl / μg plas‐
mids) 

Opti‐
MEM 
(μL) 
 
 

2/18/2019  mAb 113 HC 
 

814 30 25 946 80 920 

2/18/2019 
 

mAb 113 LC 
 

681 30 29    

2/18/2019 
 

mAb 108 HC 
 

999 30 20 965 80 920 

2/18/2019 
 

mAb 108 LC 
 

1370 30 15    

4/18/2019 
 

mAb 113 HC 
 

814 30 37 919 120 880 

4/18/2019 
 

mAb 113 LC 
 

681 30 44    

4/18/2019 
 

mAb 108 LC 
 

999 30 30 948 120 896 

4/18/2019 
 

mAb 108 LC 
 

1370 30 22    

5/24/2019 
 

mAb 113 HC 
 

814 30 37 919 120 880 

5/24/2019  mAb 113 LC  681 30 44    
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5/24/2019 
 

mAb A 513 HC 
 

2784 30 11 964 120 880 

5/24/2019 
 

mAb A 513 LC 
 

1192 30 25    

5/24/2019 
 

mAb 545 HC 
 

1222 30 25 916 120 880 

5/24/2019 
 

mAb 545 LC 
 

505 30 59    

7/2/2019 
 

mAb 113 HC 
 

1496 120 80 3873 480 3520 

7/2/2019 
 

mAb 113 LC 
 

2589 120 46    

7/2/2019 
 

procaspase‐1 
 

1000 30 30 933 120 880 

12/10/2019 
 

mAb 113 HC 
 

814 30 37 919 120 880 

12/10/2019 
 

mAb 113 LC 
 

681 30 44    

12/10/2019 
 

mAb 540 HC 
 

2350 30 13 946 120 880 

12/10/2019 
 

mAb 540 LC 
 

736 30 41    

12/10/2019 
 

mAb 511 HC 
 

1789 30 17 968 120 880 

12/10/2019 
 

mAb 511 LC 
 

1989 30 15    

2/11/2020 
 

mAb 113 HC 
 

1496 
 

120 
 

80 3873 480 3520 

2/11/2020 
 

mAb 113 LC 
 

2589 
 

120 
 

46    

2/28/2020 
 

mAb 502 HC 
 

1015 30 30 942 120 880 

2/28/2020 
 

mAb 502 LC 
 

1068 30 28    

2/28/2020 
 

mAb 531 HC 
 

1302 30 23 956 120 880 

2/28/2020 
 

mAb 531 HC 
 

1436 30 21    

2/28/2020 
 

mAb 550 HC 
 

2806 30 11 978 120 880 

2/28/2020 
 

mAb 550 HC 
 

2686 30 11    

7/24/2020 
 

mAb 113 HC 
 

2016 120 60 3899 480 3520 

7/24/2020 
 

mAb 113 LC 
 

2927 120 41    

2/22/2021 
 

mAb 113 HC 
 

2016 120 60 3899 480 3520 

2/22/2021 
 

mAb 113 LC 
 

2927 120 41    

2/22/2021 
 

mAb A 513 HC 
 

2010 120 60 3840 480 3520 

2/22/2021 
 

mAb A 513 LC 
 

1192 120 101    
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10/8/2021 
 

mAb 113 HC 
 

1675 120 72 3887 480 3520 

10/8/2021 
 

mAb 113 LC 
 

2927 120 41    

1/27/2022 
 

mAb A 513 HC 
 

2784 120 43 3399 480 3520 

1/27/2022 
 

mAb A 513 LC 
 

215 120 558    

 

Table 2.4. List of expressed mAbSL, volume of cell expression, volume of expression 
medium used, of cells used and volume of 293 Fectin-plasmid complex used. 

Date 
 

mAbSL 
 

Cell/ml 
 

Flask 
 

Tot 
vol 
(ml) 
 

Cell 
vol 
(mL) 

Com‐
plexe
s 
(mL) 
 

EM 
(mL) 
 
 

Conc. 
(mg/mL) 

Vol. 
(mL) 

Pro‐
tein 
A/G 

2/18/2019  113  
 

2.15E+06 125 30 14 2 14   G 

2/18/2019 
 

108  
 

2.15E+06 125 30 14 2 14   G 

4/18/2019 
 

113  
 

2.00E+06 125 30 15 2 13   G 

4/18/2019 
 

108  
 

2.00E+06 125 30 15 2 13   G 

5/24/2019 
 

113  
 

2.80E+06 125 30 11 2 17   G 

5/24/2019 
 

513  
 

2.80E+06 125 30 11 2 17   G 

5/24/2019 
 

545  
 

2.80E+06 125 30 11 2 17   G 

7/2/2019 
 

113  
 

2.10E+06 500 120 57 8 55   G 

7/2/2019 
 

pro‐
caspase
‐1 
 

2.10E+06 125 30 14 2 14   G 

12/10/2019 
 

113  
 

3.34E+06 125 30 9 2 19 .164 0.63 G 

12/10/2019 
 

540  
 

3.34E+06 125 30 9 2 19 .082 0.7 G 

12/10/2019 
 

511  
 

3.34E+06 125 30 9 2 19 0.195 .52 G 

2/11/2020 
 

113  
 

2.86E+06 500 120 42 8 70 1.46 0.98 G 

2/28/2020 
 

502  
 

2.38E+06 125 30 13 2 15 0.479 0.6 G 

2/28/2020 
 

531  
 

2.38E+06 125 30 13 2 15 0.682 0.69 G 

2/28/2020 
 

550  
 

2.38E+06 125 30 13 2 15 0.81 0.78 G 

7/24/2020 
 

113  
 

4.59E+06 500 120 26 8 86 0.99 0.55 G 

2/22/2021  113   4.09E+06 500 120 29 8 83 0.329 0.5 G 
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2/22/2021 
 

513  
 

4.09E+06 500 120 29 8 83 0.314 0.35 G 

10/8/2021 
 

113  
 

2.31E+06 500 120 52 8 60 1.6 0.5 A 

1/27/2022 
 

513  
 

2.31E+06 500 120 53 8 59 1.93 0.35 A 

 

2.4.3. High-throughput transfection 

Small-scale, high throughput expression was done in a similar manner, but in 

sterile, 96-deep-well cell plates with a total cell expression volume of 2 mL 

(MasterBlock, Greiner Bio-One). Expression times were typically 3 days, after which the 

cell expression volume was centrifuged at 1000g for 5 min and the supernatant (medium) 

was collected for affinity purification. 

Table 2.5. List of all the plasmids transfected in 293 F cells with the amount of each 
reagent used to generate monoclonal AbSL in a high throughput fashion. 

Plasmid (67 μL DNA solution for 2 mL volume) 
 

293fectin (67 μL soln 
for 2 mL vol) 

Date 
 

Plasmid 
 

μg/mL 
 

Exp. vol. 
(mL) 

plasmid 
μL for 1 
μg/mL 
 

Opti‐
MEM 
(μL) 
 

μL 293fec‐
tin 
(2 μl / μg 
plasmids) 

Opti‐
MEM 
(μL) 
 
 

6/17/2021 
 

mAb 113 HC 
 

2016 2 1 65 4 63 

6/17/2021 mAb 113 LC 
 

2927 2 0.7    

6/17/2021 mAb 108 HC 
 

999 2 2 64 4 63 

6/17/2021 mAb 108 LC 
 

1370 2 1.5    

6/17/2021 mAb A 513 
HC 
 

2010 2 1 64 4 63 

6/17/2021 mAb A 513 
LC 
 

1192 2 1.7    

6/17/2021  mAb 502 LC 
 

1015 2 1.9 63 4 63 
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6/17/2021  mAb 502 LC 
 

1068 2 1.8    

6/17/2021  mAb 545 HC 
 

1222 2 1.6 61 4 63 

6/17/2021  mAb 545 LC 
 

505 2 3.9    

6/17/2021  mAb 511 HC 
 

1789 2 1.1 65 4 63 

6/17/2021  mAb 511 LC 
 

1989 2 1    

6/17/2021  mAb 540 HC 
 

2350 2 0.8 63 4 63 

6/17/2021  mAb 540 LC 
 

736 2 2.7    

6/17/2021  mAb 550 HC 
 

2806 2 0.7 66 4 63 

6/17/2021  mAb 550 LC 
 

2686 2 0.7    

6/17/2021  mAb 531 LC 
 

1302 2 1.5 64 4 63 

6/17/2021  mAb 531 HC 
 

1436 2 1.4    

6/17/2021  mAb 519 LC 
 

2100 2 0.9 64 4 63 

6/17/2021  mAb 519 HC 
 

876 2 2.3    

 

Table 2.6. High-throughput transfection. List of expressed mAbSL, volume of cell 
expression, volume of expression medium used, of cells used and volume of 293 
Fectin-plasmid complex used. 

Date 
 

mAbSL 
 

Cell/ml 
 

Tot vol 
(ml) 
 

Cell vol 
(mL) 

Complexes (μl) 
 

EM (μl) 
 
 

6/17/2021 113  
 

2.10E+06 2 1 134 866 

6/17/2021 108  
 

2.10E+06 2 1 134 866 

6/17/2021 513  
 

2.10E+06 2 1 134 866 

6/17/2021 502  
 

2.10E+06 2 1 134 866 

6/17/2021 545  
 

2.10E+06 2 1 134 866 

6/17/2021 511  
 

2.10E+06 2 1 134 866 
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6/17/2021 540  
 

2.10E+06 2 1 134 866 

6/17/2021 550  
 

2.10E+06 2 1 134 866 

6/17/2021 531 2.10E+06 2 1 134 866 
6/17/2021 519 2.10E+06 2 1 134 866 

 

 

Figure 2.2. Schematic illustration outlining the details of each step followed during 
293 F cell-culture, transfection, expression, and purification of monoclonal 
antibodies. 

2.4.4. Collection of supernatants from FreeStyle cells 

Cells were harvested to obtain the recombinant protein by centrifuging the entire 

volume at 1000g for 5 min post-transfection. The pellet was discarded, and the 

supernatant was collected in three conical tubes which contained the monoclonal 

antibody. 

2.4.5. Dot blot to detect monoclonal antibody 

The Whatman nitrocellulose transfer membrane was soaked in MilliQ water for 2 

minutes and dried completely. 1.7 μL of the supernatant of the monoclonal antibody 

sample was spotted as three dots (replicates) along with negative control (BSA sample). 

The membrane was incubated for 1 hour at room temperature with a blocking buffer (5ml 
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1X PBS, 100ul of 5% tween, 0.25g milk). It was kept on a 19 mm orbital shaker set at 70 

rpm in a cassette container and washed three times for 5 mins each with washing buffer 

(0.2% tween 20 in 1X PBS). The antibody used was an anti-rabbit IgG Horseradish 

Peroxidase-conjugated antibody (R& D Systems, Cat #HAF008, Lot# FIN1615011) and 

was diluted to 1000x in an antibody diluent (5ml 1X PBS, 100ul tween, 0.05g milk). The 

membrane was incubated with the antibody for 1 hour at persistent shaking and washed 

three times the same way. Equal volumes of ECL western blot substrate (cat. no. PI-

32209, ThermoFisher Scientific) were mixed to make 500 ul solution and the substrate 

was added to the membrane and vigorously shaken at 120 rpm for 1 min. The membrane 

was dried and image acquisition on a Bio-Rad ChemiDoc MP gel imager. 

2.4.6. Protein A/G affinity column 

FreeStyleTM 293F cells were cultured in serum-free 293 Expression Medium in 

sterile Erlenmeyer flasks under continuous rotation at 125 rpm on a 19 mm orbital shaker 

at 37°C in a humidified atmosphere of 8% CO2. Cell density and viability were 

determined with a Cellometer cell counter (Nexcelom Bioscience). 293F cells (1 x 106 

cells/ml) were transfected with 1 μg/ml HC and LC plasmids after complex formation in 

pre-warmed OptiMEM with 293fectin (2 μl/μg plasmids) for 5 min. Small scale, high 

throughput expression was done in a similar manner, but in sterile, 96-deep-well cell 

plates with a total cell expression volume of 2 mL (MasterBlock, cat. no. 780271, Greiner 

Bio-One). Expression times were typically 3 days, after which the cell expression volume 

was centrifuged at 1000g for 5 min and the supernatant (medium) was collected for 

affinity purification. Expression medium was loaded with a SuperLoop (cat. no. 18-1113-

82, Cytiva) onto a HiTrap Protein G HP (cat. no. 45-000-055, ThermoFisher Scientific) 
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or MabSelect Prism Protein A (Cytiva) column and washed in 50 mM sodium phosphate 

pH 7.4 containing 100 mM sodium chloride. Antibodies were eluted with either 0.2 M 

glycine pH 1.85 (Protein G column) or with 100 mM sodium acetate pH 3.6 (Protein A 

column). Fractions (2 mL) were collected during the elution phase, immediately 

neutralized with 0.15 mL 1 M Tris pH 8.5, and concentration determined by UV280 nm 

absorbance using an extinction coefficient of 1.4 mL mg−1 cm−1. Peak fractions were 

pooled and concentrated to a final volume of 0.5 ml using an Amicon Ultra-15 

centrifugal filter with a 10 kD cutoff (cat. no. UFC9-010-24, ThermoFisher Scientific). 

2.5. Site-directed mutagenesis experiments 

Phusion™ Site-Directed Mutagenesis Kit is a useful tool to carry out point 

mutations, insertions, and deletions in a plasmid DNA. The kit utilizes the highly 

processive PhusionTM Hot Start II DNA Polymerase for amplification of plasmid dsDNA 

that requires to be mutated. The DNA polymerase ensures high-fidelity exponential 

amplification and ensures the inhibition of its activity at ambient temperatures to prevent 

any non-specific product formation prior to the PCR cycle. 

2.5.1. Polymerase chain reaction (PCR) 

Phosphorylated primers were designed and ordered with the desired mutation. 

The primers must be phosphorylated at the 5’ end to eliminate a further phosphorylation 

step before the ligation reaction. It is recommended to use primers purified with reverse-

phase HPLC or PAGE. Tm values and determination of optimal annealing temperature 

are crucial for primer designing. Our primer sequence is less than 20 nucleotides. The 

annealing temperature of the primer fell between 65C and 72C. The total reaction 

volume used in PCR tubes was taken to be 50 μl. 10 μl of 5X Phusion HF buffer, 1 μl of 
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10 mM dNTPs, forward primer, and reverse primer diluted to a final concentration of 0.5 

μM to the reaction tube. 2 μl plasmid DNA and 0.5 μl of DNA polymerase were added 

towards the end in the tube. The remaining volume is filled with nuclease free water to 

make up to 50 μl. DMSO was added to optimize the PCR product. When different 

annealing temperatures are being tested, make the total solution together with all the 

reagents being increased to the number of conditions being tested.  

 

Table 2.7. Cycling instructions followed for mutagenesis reaction in the thermal 
cycler program. 

 

5 μl of sample used from the PCR reaction to be tested for agarose gel 

electrophoresis to verify the formation of PCR amplification. Control plasmid (5 ng/ μl) 

in TE buffer and 5’-phosphorylated control primers mix were used from the kit for setting 

control reactions during the troubleshooting process.  

 2.5.2. Ligation reaction  

Digestion of parental methylated DNA was carried out using FastDigest DpnI. 1 

μl of FastDigest DpnI enzyme was directly added to the mutagenesis reaction and 

incubated at 37C for 15 minutes. 

 T4 DNA ligase enabled direct ligation (circularization) of mutated PCR products 

in 5 minutes without any further purification steps required. 10 μl of the ligation reaction 

mix was prepared. 1-5 μl of PCR product (10-20 ng) was taken after DpnI digestion. 2 μl 
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of 5X Rapid Ligation Buffer was added from the kit. The remaining volume was adjusted 

to 9.5 μl with water and mixed. 0.5 μl of T4 DNA ligase was added to the ligation tube 

and mixed well. The tube was briefly centrifuged and incubated for 5 minutes at room 

temperature. The product is stored at -20C. 

2.5.3. Transformation of plasmid into E. coli cells and sequencing the 

product 

The transformation and sequencing procedure were followed in the same manner 

as performed during the cloning procedure of conformationally-selective antibodies as 

mentioned previously in the method section. 

2.6. A enzyme linked immunosorbent assay (ELISA) 

2.6.1. A indirect ELISA 

Separate tubes of protofibrillar, monomeric, and fibrillar Aβ (50 μL/well) were 

prepared at a concentration range of 320 nM - 0 nM. The serial dilutions for Aβ were 

carried out in a coating buffer (0.05 M sodium bicarbonate pH 9.6). The prepared 

solutions were adsorbed at 4C on a Nunc (Dhami, Karki, et al. 2022) 96-well MaxiSorp 

flat-bottom immunoplate for 1 hour or kept overnight. The wells were washed 1x (n=3) 

with phosphate buffer saline pH 7.4 containing 0.05% Tween 20 (PBST) and then 

blocked with 150 μl blocking buffer (10% milk solution in wash buffer PBST) for 1 hr. 

All the ELISA steps were performed at room temperature starting from the blocking step 

and the plate was washed 4x with PBST between each step. Primary antibody (100 

μL/well) mAbSL with a final concentration of 0.5 μg/mL (diluted in 5% milk PBST 

solution) was incubated in the well for an hour. It was followed by the addition of anti-
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rabbit IgG horseradish peroxidase (HRP)-conjugated (R&D system) secondary antibody 

(100 μL/well) in each well for an hour and was diluted in the same buffer as the primary 

antibody. A 1:1 ratio of 3,3’,5,5’-tetramethylbenzidine, and hydrogen peroxide (HRP 

substrate) was added to each well (100 μL/well) for 5 min. The substrate turned the color 

of the solution in well as blue. The reaction was stopped using 50 μL/well of 1M H2SO4 

which changed the color to yellow. The optical density of each well was read on 

SpectraMax 340 absorbance plate reader (Molecular Devices, Sunnyvale, CA, USA) at 

450 nm with a reference reading subtracted at 630 nm. The software SoftMax Pro 

provides the absorbance measurement of the wells. 

2.6.2. A titer ELISA 

Titer enzyme-linked immunosorbent assay studies were conducted in a similar 

manner to indirect ELISA studies but with various dilutions of the serum antibody 

(AbSL) being used. 

2.6.3. A antigen competition ELISA 

ELISA is like those described for indirect ELISA. Briefly, Aβ42 protofibrils 

diluted in coating buffer were applied to a high-binding 96-well ELISA plate (18 ng/well) 

and allowed to adsorb at 4 °C for 1 h. Separately, serial dilutions of either Aβ42 

protofibrils (0-120 nM), monomers (0-1280 nM), or fibrils (0-480 nM) in aCSF were 

incubated with 0.1 µg/mL monoclonal antibody 4 °C for 1 h. 0.05 mL of each Aβ-

antibody mixture was added to the plate wells adsorbed with protofibrils that had been 

washed, blocked, and washed again. The remaining steps were carried out as described 

for the indirect ELISA. 
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2.6.4. A antibody competition sandwich ELISA 

The capture antibody used was either affinity-purified AbSL or monoclonal AbSL 

which was diluted to 0.5 µg/mL in PBS and incubated overnight in a 96-well plate at 

room temperature. The wells were incubated with 300 µL blocking buffer (PBS 

containing 1% BSA, 5% sucrose, and 0.05% NaN3). The steps were washed in between 

with Phosphate-buffered saline pH 7.4 (1X PBS) containing 0.05% Tween 20. The serial 

dilutions of Ab 2.1.3 (that recognizes the N-terminus of Aβ) or of Ab9 (that recognizes 

the C-terminus of Aβ) were performed with concentrations as 500ug/ml, 50ug/ml, and 

5ug/ml in separate Eppendorf tubes and the biotinylated Aβ protofibril were added to 

each tube with a fixed concentration of 20 nM. The antibody (Ab 2.1.3 or Ab9) + 

biotinylated Aβ protofibril mixture solution (100 µL) was added to each well as a 

detection antibody and incubated for an hour. HRP-streptavidin conjugate was diluted 

200-fold in 1x PBS containing 1% BSA and was incubated in wells for 20 min. The 

addition of the HRP substrate followed by the stop solution was carried out the same way 

as indirect ELISA. 

2.7. Thioflavin T (ThT) fluorescence measurement 

Aβ solutions were assessed by ThT fluorescence as described previously 

(Nichols, Moss, et al. 2002). SEC Aβ fractions were diluted in aCSF pH 7.8 containing 

10 µmol/L ThT. Fluorescence emission scans (460-520 nm) were acquired on a Cary 

Eclipse fluorescence spectrophotometer using an excitation wavelength of 450 nm. 

Emission scans were integrated from 470-500 nm to provide a numerical value of ThT 

relative fluorescence values (RFU).  
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2.7.1. A monomer aggregation assay (cuvette-based) 

Solutions of SEC-purified Aβ42 monomers (10 µM) in 50 mM Tris pH 8.0 

containing 100 mM NaCl, 20 µM thioflavin T (ThT), and 0.05% NaN3 were prepared in 

low-retention microfuge tubes. Triplicate tubes for Aβ42 in the absence or presence of 1 

µM mAbSL 113 or Aβ mAb 513 were incubated at 37 °C on an IKA MS 3 mini vortexer 

at 1000 rpm. Reactions were monitored for ThT fluorescence at 0 h and then at selected 

time points. 80 µL were removed from each tube and emission scans (460-520 nm) were 

acquired on a Cary Eclipse fluorescence spectrophotometer using an excitation 

wavelength of 450 nm. The solution was recovered back into each tube for successive 

measurements. Numerical ThT values, in relative fluorescence unit values (RFU), were 

obtained by integration of emission scans from 470-500 nm. ThT buffer controls were 

included in all experiments and did not display any significant fluorescence. Each 

reaction was fit to the following 3-parameter sigmoidal equation in SigmaPlot:  y = a / (1 

+ e−(x−x0)/b) and parameters x0 and b determined for each reaction. A single time-

dependent aggregation curve (± standard error) was constructed for each condition from 

the regression values. The parameter t1/2 was obtained directly from x0, while tlag was 

obtained from t1/2 – (2/b−1). The kinetics analysis was derived from a previous report 

(Hellstrand et al. 2009). 

2.7.2. A protofibril dynamic experiment 

Protofibril stability was assessed by quiescent incubation of SEC-isolated Aβ42 

protofibrils (10 μM) at 25 °C in the absence or presence of monoclonal antibodies (1, 0.5, 

and 0.2 μM). The reactions in triplicate were carried out in low-retention tubes in 50 mM 

Tris pH 8.0 containing 20 μM ThT and 0.05% NaN3. ThT fluorescence was assessed by 
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withdrawing 80 μL from the upper half of the solution before and after centrifugation at 

17,000g for 10 min. Each sample was returned to the respective reaction without 

disturbing the solution for subsequent measurements. ThT emission scans and 

quantitation were conducted in the same manner as described in the previous section. 

2.8. Atomic force microscopy (AFM) 

Aged monomers of Aβ (1-42) were used to make fibrillar aggregation solutions 

and were diluted to a final concentration of 4-5 µM in water. Mica was cleaved into 11 

mm circles and was affixed to 12 mm metal disks. The mica surface was pretreated with 

1% 3-amino propyl triethoxysilane (APTES) in 1 mM acetic acid solution for 10 min and 

air-dried before the application of the sample. The Aβ sample (50 µL) was applied to 

freshly cut mica, allowed to stand for 15 min, washed with water 3-4 times, air-dried to 

remove excess water, and stored in a petri-dish with desiccant. Images were taken with 

Bruker atomic force microscope in Tapping Mode. Height and amplitude analysis was 

performed using software and the images were flattened. 

2.9. Epitope determination of mAbSL on A protofibril  

2.9.1. Hydrogen-deuterium exchange/mass spectrometry (HDX-MS) 

Continuous HDX labeling of Aβ42 protofibrils and Aβ42 monomer with or without 

incubation with antibodies (1:1) was performed by taking 150 pmol of the protein and 

exchanging it in D2O (85%) at pH 7.4 and 4 °C in 1x PBS buffer for 0, 10, 30, 60, 300, 

900, 3600, and 14400, and seconds as previously described (Yan, 2015. The samples were 

incubated with the antibody (mAb113) for 1 h at 4 °C prior to HDX. Quenching was 

performed under reducing conditions by adding a solution of 4 M urea with 1% 

trifluoroacetic acid (TFA) to the reaction vial at a 1:1.5 protein: quench v/v ratio. The final 
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pH was kept at approximately 2.5 to minimize back exchange. The samples were mixed 

and immediately loaded onto our custom-built HDX platform for desalting, online pepsin 

digestion, reversed-phase chromatography of peptic fragments, and direct injection into the 

mass spectrometer for analysis.  

The samples were passed over a custom-packed 2 mm x 20 mm immobilized pepsin 

column at 200 µL/min flow (Chalmers, Busby, et al. 2007).  The peptides resulting from 

digestion were captured by a 2.1 mm x 15 mm ZORBAX Eclipse XDB C8 microtrap 

column (Agilent, Santa Clara, CA) and desalted at 200 µL/min with H2O containing 0.1% 

trifluoroacetic acid for 3 min. The resulting peptides were then separated by a 2.1 mm × 

50 mm C18 column (2.5-µm Waters XSelect CSH C18) with a 10-min gradient of 5 to 80% 

acetonitrile in 0.1% formic acid at a flow rate of 100 µL/min delivered by an HPLC pump 

(Shimadzu Scientific Instruments, Kyoto, Japan). The linear part of the gradient from 

1.5 min to 6.5 min raised the acetonitrile content from 15% to 50%, during which time 

most of the peptides eluted from the C18 column. The entire fluidic system, except the 

pepsin column, was kept in an ice bath to minimize back exchange. Duplicate 

measurements were carried out for each time point. MS detection was performed on a 

Thermo LTQ XL Orbitrap (Thermo Fisher Scientific) using the following instrument 

parameters: spray voltage 4.8 kV, capillary temperature 280°C, capillary voltage 41.5 V, 

and tube lens 145 V. Data was collected at a mass resolving power of 100,000 at m/z 400.   

Before HDX, overlapping peptides from pepsin digestion were identified by performing 

data-dependent acquisition (DDA) followed by a targeted analysis with an inclusion list 

that allowed focused MS fragmentation. The inclusion list helped in improving the 

identification of low-abundance peptides. In both cases, the six most abundant ions were 
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selected for collision-induced dissociation (CID). Product-ion spectra were then submitted 

to PMI-ByonicTM (version 3.8.13; Protein Metrics Inc., CA) for identification and 

identifications were manually verified. Only verifiable peptides were used for HDX 

analysis.  

The collated peptide list from multiple MS2 runs and the MS1 raw files from non-

deuterated runs were analyzed by using HDExaminer (version 2.5.1, Sierra Analytics, CA) 

to generate a total peptide pool containing peptides with good signal intensity and 

confidence to be reliably used for deuterium labeling analysis. The MS1 raw files for all 

HDX runs were then input to the software to calculate the centroid masses of isotopic 

envelopes (m) and deuterium level (D%) for the peptide pool as described previously 

(Zhang and Smith 1993, Yang, Adhikari, et al. 2017). The final deuterium level was 

adjusted to 95%. The data were not corrected for back exchange because two states (bound 

and unbound) of the protein complex were compared. The final D% values were exported 

from HDExaminer onto OriginPro 9.0 (OriginLab, Northampton, MA) for generating 

HDX kinetic curves. 
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Figure 2.3 HDX-MS experimental workflow. Free A42 protofibril and A42 protofibril 
bound with monoclonal antibody were diluted in PBS buffered 75% D2O and incubated 
for 1, 30, 90, 300, 900, and 3600 secs. Deuterium labeling was quenched by lowering the 
pH to 2.5 and adding 4 M urea with 1% trifluoroacetic acid to the reaction. The samples 
were loaded onto a custom-built HDX platform for desalting, online pepsin digestion, 
reverse-phase chromatography of fragments, and finally injecting into a mass spectrometer. 
The peptides were analyzed by the HDXExaminer software used for peptide identification. 
Non-deuterated controls were used for peptide identification. 

2.9.2. Fast photochemical oxidation of proteins/mass spectrometry (FPOP-

MS) 

Previously, FPOP has been used successfully to monitor the time course of Aβ42 

aggregation (Li, Rempel, et al. 2016). Gross lab has also successfully applied this technique 

to study the interactions of an IgG to a globular protein (FcγRIII) (Shi, Liu et al. 2019) 

using a reporter peptide strategy to compensate for scavengers and to enable normalization 

and comparison of time-dependent results (Niu, Mackness, et al. 2017).  

Two sets of FPOP experiments were performed to complement HDX data. A stock 

solution of 100 µM YGGFL (Leu-enkephalin) was prepared and used as a reporter peptide 

for the FPOP time-dependent experiments. Stock solutions of L-methionine (70 mM), 
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catalase (5 µM), and L-glutamine (200 mM) were prepared. Additionally, the scavenger 

concentrations were varied for time-dependent experiments by using L-glutamine as a 

scavenger and varying the concentrations in the reaction mix as 0 mM, 0.5 mM, 2 mM, 5 

mM, and 20 mM glutamine in 1X PBS buffer to afford time-dependent measurements. 

Solutions were prepared starting with a 50-µL sample solution consisting of 9 µL protein 

solution (either Protofibril alone or protofibril + antibody (1:1)), 2.5 µL reporter peptide, 5 

µL glutamine (varying concentrations as indicated above), and 23.5 µL 1X PBS buffer 

solution to make the volume up to 50 µL. Hydrogen peroxide solution (5 µL of 300 mM 

H2O2) was added to the sample just prior to infusing the solution into the tubing for laser 

irradiation (FPOP experimental procedures were described in detail previously) (Li, 

Rempel et al. 2016). 

The power of the KrF excimer laser (GAM Laser Inc., Orlando, FL, USA) was 

adjusted to 21.8 mJ/pulse, and its pulse frequency was set to 7.5 Hz. The width of the laser 

beam at the intersection with the tubing was 2.2 mm. The flow rate was adjusted to 17 

µL/min to ensure a 15% exclusion volume to minimize repeated •OH exposure (double 

hits). Samples were collected in Eppendorf tubes containing 0.5 µM catalase and 70 mM 

Met to exhaust the left-over H2O2 and to react with the unreacted OH radicals. Additionally, 

two replicate control samples were prepared and handled in the same manner except no 

laser-irradiation was used. 

To compare the three Aβ42 aggregates, similar FPOP conditions were utilized as 

described above keeping the L-glutamine (scavenger) concentration in the reaction mix 

constant at 5 mM. Since the antibody is not present in these samples, there are no additional 

scavengers present and hence there is no need to do a time-course assay for normalization.  



 

55 

 

FPOP data analysis and MS2 conditions are explained in detail in previous publications (Li, 

Rempel, et al. 2016, Shi, Liu, et al. 2019) 
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CHAPTER 3: DEVELOPMENT OF A CLASS OF MONOCLONAL 

ANTIBODIES SPECIFIC FOR A42 PROTOFIBRILS 

Amyloid-β peptide (Aβ) antibodies have been an important tool in Alzheimer’s 

disease (AD) research (Masters et al. 2016) since the determination that Aβ was the 

principal component of neuritic plaques and cerebral deposits in the AD brain (Wong et 

al. 1985). The first-generation antibodies allowed quantitative measurement of Aβ levels 

in human tissues and fluids (Seubert et al. 1992) and second-generation C-terminal-

selective Aβ antibodies helped resolve the Aβ40/Aβ42 composition in plaques (Gravina 

et al. 1995). The development of conformation selective Aβ antibodies permitted probing 

of both soluble (oligomeric) and insoluble (fibrillar) aggregated Aβ species in cells, 

mouse models, and human tissues and fluids (Georganopoulou et al. 2005, Kayed et al. 

2007, Deshpande et al. 2009, Koffie et al. 2009). Currently, conformation selective Aβ 

antibodies comprise a large group of potential AD therapeutics in clinical trials (Schilling 

et al. 2018).  

It has been well established in vitro that unstructured Aβ monomers (both Aβ40 

and Aβ42) will undergo non-covalent self-assembly (Jarrett et al. 1993) to form a 

polydisperse mixture of structurally-undefined soluble oligomers (Bitan et al. 2003, 

Kayed et al. 2003, Mittag et al. 2014) and more-defined soluble β-sheet-containing 

protofibrils (Walsh et al. 1997, Harper et al. 1999, Walsh et al. 1999, Mittag et al. 2014), 

the latter of which can transition to insoluble β-sheet-rich fibrils (Harper et al. 1997). 

Fibrils formed in vitro have morphological characteristics like the neuritic plaques 

observed in the AD brain (Terry et al. 1964, Colvin et al. 2016, Gremer et al. 2017, Yang 

et al. 2022). While monomeric Aβ appears to be benign, aggregates adopt a biologically 
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detrimental structure leading to an array of damaging processes in the brain leading to 

neuronal death (Langer et al. 2011, Benilova et al. 2012, Evangelisti et al. 2016, 

Katzmarski et al. 2020, Koike et al. 2021). The two predominant forms of circulating Aβ 

are 40 and 42 amino acids in length. However, the greater aggregation propensity of 

Aβ42, its presence in the inner core regions of neuritic plaques, the heightened ability to 

form different oligomeric structures, and the finding that many early-onset AD-causing 

familial mutations produce a higher Aβ42/Aβ40 ratio have all implicated Aβ42 as a key 

causative agent in AD (Gu and Guo 2013, Golde 2022, Janelidze et al. 2022, Xu et al. 

2022).  

While the plaques are the most outstanding Aβ pathological feature, a significant 

effort over the last 2+ decades have been to understand and target soluble aggregated Aβ 

species due to their diffusible nature and greater in vitro toxicity (Haass and Selkoe 2007, 

Lannfelt et al. 2014, Ono and Tsuji 2020). One of these species, protofibrils, which 

emanate from Aβ monomers and are precursors to fibrils (Harper et al. 1997, Walsh et al. 

1997), has been the subject of research for several years. Aβ protofibrils have been 

described as a non-spherical, filamentous, metastable intermediate (Kodali and Wetzel 

2007) and as small, curvilinear aggregates less than 100 nm in length (Walsh et al. 1997, 

Walsh et al. 1999, Paranjape et al. 2012). Soluble, diffusible protofibrils adopt a β-sheet 

secondary structure during their formation from random coil monomers (Walsh et al. 

1999, Dhami et al. 2022), yet are polydisperse concerning size (Nichols et al. 2015). Aβ 

protofibrils display a variety of detrimental biological activities including direct 

neurotoxicity, neuroinflammation, and disruption of cellular processes (Haass and Selkoe 

2007, Paranjape et al. 2012, Lannfelt et al. 2014, Yasumoto et al. 2019). 
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Presently, conformation selective Aβ antibodies are at the forefront of potential 

AD treatments. While their effectiveness has been vigorously debated, the cumulative 

data suggests that targeting a particular Aβ conformation has merit. Aducanumab 

displays selectivity for aggregated Aβ and has been shown to reduce soluble and 

insoluble Aβ in an AD transgenic mouse model and slow clinical decline in AD patients 

with mild AD (Sevigny et al. 2016). Initially deemed as not meeting the primary 

objectives for AD treatment in clinical trials, a follow-up analysis of aducanumab 

revealed a reduction in the progression of cognitive and functional impairments in 

patients receiving the highest dose (Kwon et al. 2020). Consequently, aducanumab 

(AduhelmTM) was granted priority review and approved by the United States Food and 

Drug Administration (FDA) for the treatment of AD in early-stage patients. Aduhelm™ 

is now the first potential disease-modifying therapeutic for AD. BAN2401 displays 

selectivity for Aβ protofibrils and fibrils, reduces Aβ protofibril levels in the brain and 

CSF of an AD transgenic mouse model, and rescues neurons from Aβ-induced death 

(Englund et al. 2007, Tucker et al. 2015, Söllvander et al. 2018). BAN2401 

(Lecanemab™) continues to meet expectations in Phase 3 trials and has recently received 

FDA review and successful accelerated approval (van Dyck et al. 2022). Regardless of 

the therapeutic debate, conformation-selective antibodies remain a ubiquitous and 

important determinant of various aggregated species in AD brain tissue and fluid 

samples. The chapter discusses detailed information on the development of a class of 

novel monoclonal forms of AbSL (mAbSL). 
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3.1. Isolation and characterization of soluble A42 protofibrils and A42 

fibrils 

As highlighted before, Aβ42 has a significantly enhanced propensity to aggregate. 

Synthetic Aβ42 peptide was bought, treated with commercially available hexafluoro 

isopropanol (HFIP), and vacuum centrifuged to obtain dry aliquots of a thin-filmed Aβ 

tube. An aliquot of lyophilized Aβ (0.9 mg) was reconstituted in 100 µl of 50 mM NaOH 

solution, followed by the addition of 900 µl of prefiltered aCSF buffer or TRIS buffer pH 

8 to obtain purified Aβ42 protofibrils. Aβ42 was reconstituted in a basic condition to 

enhance the aggregation pathway of Aβ42 to obtain a better yield of protofibril form. The 

mixture was incubated at room temperature for 20 minutes, centrifuged at 17,000 g for 10 

min and the supernatant was loaded onto the column. The prepared Aβ42 was eluted 

using Superdex 75 on AKTA fast protein liquid chromatography system at 0.5 mL min−1 

flowrate and 0.5 mL fractions were collected and placed on ice. Aβ42 protofibrils and 

monomers were eluted as two distinct peaks. The chromatographic separations showed 

protofibril peaks in void volume and monomers in the included volume (Figure 3.1A). 

Aβ42 concentrations were determined by in-line UV absorbance trace using an extinction 

coefficient of 1450 cm−1 M−1 at 280 nm. CD data confirms the separation of Aβ42 

protofibril and Aβ42 monomer peaks (Figure 3.1B) 

Aβ42 protofibril peak eluted between fraction 10 and 20 (5-7 mL) whereas Aβ42 

monomer eluted in the range of fraction 25 to 35 (6-8 mL). The buffer used was in 

accordance with the experiment being worked on. Buffers included were either of the 

three: aCSF (pH 7.8)/tris (pH 8)/PBS (pH 7.4). It was observed that using aCSF pH 7.8 for 

30 min or using PBS pH 7.4 buffer with no incubation time led to more protofibril 
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production as compared to monomer peak. On the other hand, incubation with TRIS pH 8 

buffer for 10 min yielded similar appearing peaks for both Aβ42 species with 

concentrations being very close to each other. It was also reported that using TRIS buffer 

at the time of reconstitution increased the productivity of total Aβ42 to a maximum of 

64%. There is an expected indispensable loss in the recovery of Aβ42 during the 

chromatographic separation.  

For the preparation of fibril samples for various experiments and assays, an aged 

monomer was used. Selecting the right buffer with appropriate ionic strength is crucial 

for the preparation of fibril prep. Carefully examining the aged monomer fractions, it can 

be concluded that using 50 mM TRIS pH 8 buffer led the monomer to slow down on 

aggregation even being at 4C. It could be due to no salt present in the TRIS buffer. 

Monomer reconstituted in aCSF buffer appeared to aggregate starting in over a week 

time. 
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Figure 3.1. Isolation and characterization of Aβ42 by SEC and CD spectra. A. 
Lyophilized Aβ42 (0.9 mg) was reconstituted in NaOH followed by aCSF/TRIS buffer 
to a final Aβ42 concentration of 200 µM. The sample after centrifugation was injected 
into Superdex 75 column, and 0.5 mL fractions were eluted to obtain a UV absorbance 
trace at 280 nm (red solid line). The first peak obtained was Aβ42 protofibril and the 
subsequent for Aβ42 monomer (Paranjape, 2012). B. SEC-purified two peaks were 
investigated by CD. CD spectra presented for Superdex 200 isolated Aβ42 monomer 
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(red, solid line) and for Aβ42 protofibril (blue, solid line). Spectra were represented as 
mean residue ellipticity (Dhami, Karki, et al. 2022).   

 
3.2. SEC purification of Aβ42 monomers 

Previously, the Aβ42 monomer has been purified in Nichols lab with Superdex 75 

(Paranjape, Gouwens, et al. 2012, Nichols, Colvin, et al. 2015). For the purification 

process, the dry Aβ aliquot (0.9 mg) was reconstituted in a solution containing 10 mM 

NH4OH and 6 M guanidinium hydrochloride (GuHCl) and then incubated for 10-20 

minutes at room temperature. A mild basic condition such as NH4OH helps retain small 

species purification which is a monomeric form. GuHCl ensures that Aβ42 does not get 

misfolded to aggregated structures and remains in a denatured, monomeric form. 

Superdex 200 column was accidentally used on the AKTA FPLC system one time in 

August 2019 which yielded heterogeneous chromatographic isolation of Aβ monomer 

(peak 4) along with two oligomeric peaks (peak 2 and 3) and a void peak 1 (Figure 3.2). 

Thus, Superdex 200 isolation of Aβ42 displayed four separate peaks in contrast to 

Superdex 75 isolation of protofibril which portrayed two peaks (Figure 3.1A). The 

protein concentration determined using BCA assay of the monomer peak from the 

Superdex 200 column was 0.14 mg/mL. Thioflavin T binding of the peak fraction 

confirmed that peak 4 is a monomeric species.  
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Figure 3.2. SEC purification of Aβ42 using Superdex 200 column. Superdex 200 in 
line with UV absorbance measurement using AKTA FPLC system. Peak 1 is the void 
volume, peak 2 and 3 represents oligomer 2 and 3, and peak 3 is the purified monomer. 
0.5 mL fractions eluted and stored at 4C for monomer-based experiments. 

The usual monomer fractions were established as fractions 32, 33, and 34 when 

Superdex 200 was used. Some of the previous purifications in December 2020 revealed 

that the Aβ42 monomer might be subjected to further cleavage. It was hinted that the 

monomer never aggregated with thioflavin T fluorescence measurements when used in 

assays. For such purification preps, monomer fractions 33 and 34 were pooled together 

and re-purified using Superdex 200 column. The monomer recovered in the fraction 

range of 35-38. However, the problem was solved when freshly prepared denaturing 

reagent (GuHCl) was used.  

Elution volume, mL

0 5 10 15 20

m
A

U
, 2

80
 n

m
 

0

20

40

60

80

1 2

3 

4 



 

64 

 

3.3. Production of serum polyclonal antibodies from immunization of a 

rabbit with A42 protofibrils 

In line with the detrimental effect posed by Aβ42 protofibrils, Nichols laboratory 

isolated and characterized Aβ42 protofibrils. These were shipped to Pacific Immunology 

(Ramona, CA, USA) for immunization of rabbits with Aβ42 protofibril. Pre-immune 

serum was obtained from two New Zealand white rabbits (PAC-10079 and PAC-10080) 

before immunization with 0.1 mg of protofibril in Complete’s Freund’s Adjuvant. Three 

more immunizations were performed with 0.1 mg of protofibril in Incomplete Freund’s 

Adjuvant. Five separate bleeds were sent back to UMSL. The bleeds contained high titer 

antiserum of the polyclonal antibodies termed Antibody St. Louis (AbSL). Rabbits 79/80, 

39-40, and 55-56 were separate immunization projects. Nichols lab worked with Pacific 

Immunology to construct an Aβ protofibril affinity column with Aβ42 protofibril-

conjugated resin and the AbSL serum from the column eluted with 0.2 M glycine at low 

pH. These antibodies were, thus, affinity-purified later in multiple batches and known as 

apAbSL (Colvin and Roger et al. 2017).  

AbSL has been examined in multiple formats by the ELISA technique and is 

shown to sensitively detect Aβ42 protofibrils. Moreover, the antibody displayed strong 

affinity and was highly selective for Aβ42 protofibrils over Aβ42 monomer and fibrils 

even at a lower concentration range of Aβ42 protofibrils (Figure 3.3).  



 

65 

 

  
Figure 3.3. AbSL antiserum displays selectivity for Aβ42 protofibrils. 96-well ELISA 
plates were coated with a concentration range of Aβ42 protofibrils, Aβ42 monomers, and 
Aβ42 fibrils (2.5-20 nM) and analyzed by indirect ELISA with AbSL anti-serum 
(1:50,000 dilution). A. Serum from rabbit #55. B. Serum from rabbit #56. Data points (± 
SEM) represent the average of n=3 trials 

The study was initiated by absorbing Aβ42 protofibrils over a 96-well plate with a 

concentration range of 320 nM -5 nM. Three different incubation times were used to 

allow the Aβ42 protofibrils to stick to the plate: overnight adsorption, 2h-adsorption, and 

1h-adsorbtion (Figure 3.4A). AbSL PAC 55-1 (1:10,000) was used as the primary 

antibody. It was observed that there is minimal difference in the binding curve between 

different incubation times for Aβ42 protofibril plating. Therefore, for future indirect 

ELISA experiments, the plating was generally carried out with 1h incubation. The 

binding kinetics of many AbSL antibodies were conducted by coating ELISA plates with 

Aβ42 protofibrils. One such experimental setup is shown in Figure 3.4B, AbSL PAC 39 

and PAC 80 (1:5000) were used as primary antibodies. It was noticed that bleed 1 had the 

lowest affinity as compared to the subsequent bleeds. The observation was held for PAC 

39 and 80 (Figure 3.4B). Indirect ELISA on almost all the AbSL antibodies was 

conducted and curve-fitting on SigmaPlot software yielded Kd and Bmax for AbSL using 
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the single rectangular hyperbola equation y = ax/(b + x), B = (Bmax * L)/(Kd + L). 

Dissociation constant Kd was calculated for PAC 39, 40, 55, 79, 80, and their respective 

bleeds. The values ranged between 5 nM to 35 nM with the most efficient binding at 80-

1.  
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Figure 3.4. AbSL ELISA optimization and recognition of Aβ42 protofibrils with 
high affinity. ELISA plates were adsorbed with Aβ42 protofibrils at a concentration 
range of 320 nM-5 nM and analyzed by indirect ELISA. Secondary Ab used was anti-
rabbit IgG as A. The wells were adsorbed overnight, for 2h and 1h with Aβ42 
protofibrils. AbSL antiserum PAC 55-1 (1:10,000 dilution) was used as primary Ab. B. 
AbSL PAC 39 and 80 (1:5000) were used as primary antibodies. Different bleeds were 
tested for affinity with protofibrils. SigmaPlot curve fitting was done using single 
rectangular y = ax/(b + x), B = (Bmax * L)/(Kd + L) 

After the careful establishment of indirect ELISA protocol, selectivity curves of 

serum AbSL were generated by plating Aβ42 protofibrils, monomer, and fibrils on 96-

well plates with the same concentration range as mentioned before. Figure 3.5 shows the 

use of PAC 56-1 with two different dilutions of the antibody (1:10,000 and 1:50,000). 

Higher antibody concentration changes the absorbance values. Titer antibody 

concentrations can be determined by tweaking the dilution for antibodies as shown here. 

Thus, AbSL was able to selectively recognize protofibrils as compared to monomers and 

B. A. 
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fibrils. Several such experiments displayed similar results. There is a significant 

difference between protofibril and fibril recognition by serum AbSL. 
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Figure 3.5. AbSL PAC 56-1 selectively recognizes protofibrils over monomers and 
fibrils. ELISA plates were adsorbed with Aβ42 protofibrils, monomers, and fibrils with a 
similar concentration range of 320 nM- 5 nM and examined by indirect ELISA. 
Secondary Ab used was anti-rabbit IgG HRP-conjugated A. 1:10,000 dilution of 56-1 
used. B. 1:50,000 dilution of 56-1 used. 

Competition ELISA studies examined the true measure of the dissociation 

constant (Englund et al. 2007, Jin et al. 2018). The 96-well plates were coated with 80 

nM (18 ng/well) Aβ42 protofibrils. Several attempts on competition ELISA were 

performed to determine the appropriate concentration range of Aβ42 protofibrils to be 

incubated with AbSL PAC 56-1 (1:10,000 dilution). The concentration range was 

expanded to obtain a suitable inhibition curve (Figure 3.6A). Semi-log plot was created 

on Sigma Plot software with a 3-parameter Hill plot. Inhibition ELISA studies yielded a 

dissociation constant of 5 nM for the interaction of AbSL and Aβ42 protofibril (Figure 

3.6B). 
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Figure 3.6. Competition ELISA data with a fixed concentration of Aβ42 protofibrils 
(18 ng/well) coated in the plate. A. The primary antibody AbSL PAC 56-1 (1:10,000) 
was incubated with an increasing concentration range of 0.12 nM - 120 nM Aβ42 
protofibrils in separate tubes for 1 hour. The secondary Ab used was anti-rabbit IgG 
horseradish peroxidase-conjugate. Data points (± standard error measurements, SEM) 
represent the average of n=3 trials and B. were fit to a 3-parameter Hill plot equation 
using SigmaPlot software. The curve-fitting of the data provided a Kd value of 4.8 nM. 

Serum AbSL antibodies were affinity purified (apAbSL) by other researchers in 

the Nichols laboratory and this work will be further described in a forthcoming 

manuscript. A titer indirect ELISA was used to determine suitable concentrations of 

apAbSL to be used in subsequent experiments (Figure 3.7A). Both serum AbSL and 

apAbSL (1:10,000 dilution) were tested in an indirect selectivity ELISA with antigen 

Aβ42 protofibrils and monomers. Although the concentration is not known for the serum 

AbSL antibody, both serum AbSL and apAbSL displayed similar affinity and selecitivity 

towards Aβ42 protofibrils and Aβ42 monomers (Figure 3.7B). 
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Figure 3.7. Affinity-purified ELISA data. A. Affinity-purified AbSL 80-3 response 
when varying the AbSL concentration with fixed Aβ42 protofibrils concentration. B. 
AbSL 80-6 compared with the affinity purified AbSL 80-6. Comparison by indirect 
ELISA. Stock [apAbSL] is 0.5 mg/mL, diluted by 1:10,000. Dilution for AbSL 80-6 was 
also kept the same. B. Curves for AbSL and apAbSL with Aβ42 protofibrils and 
monomers compared on a log-log plot (Experiment performed by Nyasha Makoni). 

In order to provide some historical context on AbSL antibodies, a study between 

the Nichols and Combs laboratories revealed interesting insights on Aβ pathology in a 

15-month-old APP/PS1 mice when stained with AbSL antiserum. 4G8 antibody which 

binds to residues 17-24 on Aβ and does not distinguish between aggregated or 

unaggregated Aβ, was used for comparative studies. Confocal imaging on brain tissues 

outlined the differentially accessible plaque-like areas by both AbSL and 4G8. Although 

some degree of colocalization was noticed, AbSL recognized unique regions of Aβ 

structure that were not stained by 4G8 (Colvin, Rogers, et al. 2017) (Figure 3.8). 

Furthermore, serum AbSL was used in internalization experiments to detect the 

engulfment of Aβ42 protofibrils by microglia (Gouwens, Makoni, et al. 2016, Gouwens, 

Ismail, et al. 2018) 
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Figure 3.8. Distinct areas of Aβ pathology recognized by AbSL. Brain slices from 15-
month-old APP/PS1 mice were stained with 4G8 monoclonal antibody (red) and Aβ 
protofibril-selective antibody AbSL (green). Little colocalization was seen (Colvin, 
Rogers, et al. 2017) 

3.4. Cloning, expression, purification, and characterization of monoclonal 

antibodies selective for A42 protofibrils  

Due to the interest in Aβ42 protofibrils, which are suggested to cause 

neurodegeneration in AD (Syvänen et al. 2017), the development of monoclonal 

antibodies was actively worked on. Our lab prepared and generated Aβ42 protofibrils in 

aCSF using SEC-purification on Superdex 75 column. To obtain the monoclonal 

antibodies, SEC-purified Aβ42 protofibrils were mixed with Complete Freund’s 

Adjuvant (CFA), and two New Zealand White rabbits (#55 and #56) were immunized by 

Pacific Immunology. The second immunization was performed in CFA at 3.5 weeks and 

the third immunization in Incomplete Freund’s Adjuvant (IFA) at 6.5 weeks. Blood was 

drawn from the rabbits after 1 week of the third immunization. The serum antibodies 

from the initial bleed of both the rabbits were tested in both titer and indirect ELISA, 

demonstrated significant selectivity towards Aβ42 protofibrils over Aβ42 monomers and 
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Aβ42 fibrils and this finding was consistent with our previous observations for the 

development and characterization of serum AbSL antibody. 

The spleens from both rabbits were obtained 5 days after the initial bleed and 

were delivered to Exon Bio (San Diego, CA) for monoclonal antibody development. 

Individual B-cells were isolated from spleen lymphocytes using Single Plasma Cell 

Interrogation (SPIN®) microfluidic technology. This required the use of biotinylated 

Aβ42 protofibrils. There was a substantial aggregation of Aβ42 protofibril encountered 

during labeling with sulfo NHS-LC-biotin ester that altered the structure, morphology, 

and properties of protofibrils. However, NHS-PEG4-biotin ester worked efficiently as a 

probe to obtain biotinylated Aβ42 protofibrils (Figure 3.9A). Biotinylated Aβ42 

protofibrils were centrifuged to ensure the removal of any fibrillar species formed during 

the process which was followed by SEC purification. Aβ42 protofibril was 

predominantly eluted with a little amount of monomer formation (Figure 3.9.B). Testing 

unlabeled Aβ42 protofibrils and biotinylated Aβ42 protofibrils by coating the plates 

followed by the addition of streptavidin-HRP conjugate confirmed the success of Aβ42 

protofibril biotin labeling (Figure 3.9.C). Serum AbSL antibody #55 recognized 

biotinylated Aβ42 protofibrils to the same extent as unlabeled protofibrils using indirect 

ELISA format (Figure 3.9.D). CD analysis on the labeled Aβ42 protofibril confirmed that 

the labeling procedure did not alter the β-sheet rich secondary structure of protofibril 

(Figure 3.9.E). 

 

 



 

72 

 

 

 

 

 
 

 

Figure 3.9. Biotinylation of Aβ42 protofibrils does not alter their characteristics. A. 
NHS-PEG4-Biotin with a molecular weight of 588.67 and spacer arm length of 29 
Angstrom. It was used for labeling Aβ42 protofibrils. B. Abs280 nm trace during Superdex 
75 elution of biotinylating mixture. C. Three fractions from the SEC void peak in panel A 
(8-9.5 mL) were combined (24 μM, 0.11 μg/μL). ELISA plates were coated with 
unlabeled protofibrils and the SEC-purified protofibril product of the labeling reaction 
(0.044 μg) followed by incubation with streptavidin-HRP conjugate. The final step of the 
reaction was Abs450 nm determination. D. ELISA plates were coated with 0.29 μg 
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unlabeled (PF) and biotinylated protofibrils (B-PF) and analyzed in an indirect ELISA 
format. Serum AbSL antibody #55 from Supp Fig 1A was used as the primary antibody 
(1:5000) and anti-rabbit IgG-HRP as the secondary antibody. E. CD spectra for 24 μM 
unlabeled (red, dashed line) and biotinylated protofibrils (blue, solid line). For panels B 
& C, data points (± SEM) represent the average of n=3 trials (Work done by previous lab 
members) 

Exon Bio isolated mRNA for the heavy chain and light chain variable region from 

single B-cells was PCR-amplified and converted into cDNA by reverse transcription and 

cloned into pRab293 HC and LC vectors containing the rabbit IgG constant regions. 

Small-scale transfection of HC and LC into HEK 293 cells was performed. Supernatants 

were collected from high-throughput expression (small-scale expression) in two separate 

rounds and sent to our lab for screening for protofibril affinity and selectivity. The first 

round of evaluation of 41 cell expression supernatants yielded two monoclonal antibodies 

with notable affinity for protofibrils with mAbSL113 being the topmost candidate for 

affinity towards protofibril and mAbSL 108 showing a little sensitivity towards 

protofibril (Figure 3.10.A). Monoclonal antibody (mAbSL113) demonstrated high 

selectivity using a quick ELISA screen with only one concentration of Aβ42 protofibrils, 

monomers, and fibrils (Figure 3.10.B).  
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Figure 3.10. Aβ42 protofibril-selective monoclonal antibodies obtained using SPIN® 
coupled with biotinylated protofibrils. A. The first-round screen of antibody-expressing 
HEK 293 supernatants. High-binding 96-well plates were coated with Aβ42 protofibrils 
(1 μg) and probed with the supernatants in an indirect ELISA. 11 of 41 supernatants are 
shown. B. 96-well plates were coated with Aβ42 protofibrils, Aβ42 monomers, and Aβ42 
fibrils (0.5 μg) and probed with supernatant 113 in an indirect ELISA. 

Multiple positive hits were recognized in the second round of screening 36 cell-

expression supernatants that were evaluated by ELISA to determine affinity to Aβ42 

protofibrils (Figure 3.11.A). The selectivity comparisons of the top cell supernatant 

candidates were drawn with Aβ42 protofibrils, monomers, and fibrils. Furthermore, 2 

non-conformational selective Aβ antibodies (Aβ mAb) were identified to be used as 

controls (Figure 3.11.B).  The higher binding candidates were organized by the number 

showing the raw data (Figure 3.11.C). The data were normalized to the protofibril 

binding (Figure 3.11.D). The assay allowed the antibodies to be distinguished based on 

relative affinity and selectivity. 
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Figure 3.11. The second-round screen of 36 antibody-expressing HEK 293 
supernatants. Plates were coated with Aβ42 protofibrils, Aβ42 monomers, and Aβ42 
fibrils (0.45 μg) and probed with the supernatants in an indirect ELISA. A. Only Aβ42 
protofibril binding is shown for clarity. B. ELISA absorbance data for two of the non-
conformation-selective Aβ antibody-expressing HEK 293 supernatants. C. Raw ELISA 
absorbance data for both affinity and selectivity of second-round antibody candidates. D. 
The ELISA data was normalized to the protofibril response to demonstrate the rank order 
protofibril selectivity. (Figure created by Dr. Nichols)  

3.4.1. Cloning of HC and LC  

Exon Bio sent us the assembled fragment and linearized vector for the positive-

monoclonal antibody hits. The assembled fragment contains the HC and LC variable 

region DNA fragments of the monoclonal antibody clones. The linearized vector has an 

integration of constant region for rabbit IgG and ampicillin resistant gene. CMV 
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promoter and the constant region of either HC or LC and terminator on vectors are 

overlapped with the assembled fragments to make the cloning simpler (Figure 3.12) 

 

Figure 3.12. Details of assembled fragment and linearized vector sent by Exon Bio to 
be used for cloning of positive monoclonal antibody hits. 

The cloning procedure has been outlined in the Methods chapter in much detail. 

This procedure was carried out for each monoclonal antibody separately. Essentially, the 

assembled DNA fragment bearing the V-region was annealed fully to the linearized 

pRab293 vector for both heavy-chain and light-chain separately using a PCR 

thermocycler. The vector used for the heavy chain of 10 assembled fragments was 

pRab293H2 and for the light-chain of 10 assembled fragments was pRab293L3.  

   
The plasmid (2 µL) for HC and LC was transformed to DH5-α competent cells 

(50 µL) by heat shock in separate tubes, spread to ampicillin treated agar plate and the 

transformation plate each for HC and LC was incubated for 24 hours at 37C (Figure 

3.13A). The bacterial colonies were transferred to a gridded patch plate where single 

bacterial colonies were grown for 24 hours at 37C with well-organized, separated, and 
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marked colonies (Figure 3.13B). This is followed by colony PCR on numerous colonies 

using forward primer, pRab293-F (atccactttgcctttctctc); reverse primer, RabIgH-R3 

(accgtggagctgggtgtgt) for HC and RabIgK-R9 (tggtgggaagatgaggacag) for LC and PCR 

Master Mix provided. The gel electrophoresis of screening each colony to verify the 

insertion of the DNA fragment into the vector was ensured with positive inserts at the 0.5 

kb mark (Figure 3.14).  

 

  
 

Figure 3.13. Cloning of the variable region for mAbSL 512 HC and LC antibodies 
was carried out as described. A. Bacterial growth on agar-LB plates after cloning and 
transformation. B. Preparation of a gridded patch plate using single colonies from the 
growth plate. 

 

A. B. 
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Figure 3.14. Agarose gel electrophoresis after colony PCR of patch plate colonies. 
Molecular weight markers are in kilobases (kb). The amplified DNA for plasmids 
containing the inserted variable region was observed at 0.5 kb, while amplified DNA for 
plasmids lacking the insert was found at just above 0.1 kb. HC positives were observed in 
colonies 51, 53, 55, 57, 62, 64, and 66. LC positives were observed in colonies 47, 49, 
60, and 63.  

Small-scale purification (mini-prep) of plasmid DNA was performed after 

recognizing three confirmed insertions of respective variable regions for each antibody 

HC and LC. The concentration of the obtained plasmid was determined using Nanodrop 

analysis. The purified DNA was sequenced at Eurofins Genomics using capillary 

electrophoresis. After the consistent sequence is confirmed from at least 3 bacterial 

colonies, large-scale purification of the plasmid is conducted using Maxi-prep protocol 

with similar steps involved in mini-prep. The purified plasmid is brought into 200 µL TE 

buffer and concentration is determined for it.  

Sequence analysis identified amino acid residues within both the HC and LC that 

consistently differed between the Aβ protofibril-selective mAbSL antibodies and the non-

selective Aβ mAbs. Overall, the LC variable-region protein sequences contained high 

identity with all determined to be 124 amino acids in length. Identity and similarity 

3 kb  
1 kb     
0.5 kb 
   
 
0.1 kb 
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scores ranged from 89.5-95.2 and 92.7-97.6, respectively when compared to the non-

selective Aβ mAb 513 (Table 3.1). Despite the high sequence identity, several areas of 

dispersity were found at residues 28, 44, 58, 102-104, and 107-108. The HC variable 

region sequences also had high homology but displayed more heterogeneity than the LC 

(identity 66.2-95.7 and similarity 71.7-97.1). The length of the HC variable-region 

sequences differed by 1 or 2 residues (137, n=1; 138, n=4; 139, n=5). Due to this 

occurrence, some gaps had to be considered to perform sequence alignment. Multiple 

areas of HC dispersity were found at residues 35-37, 58-59, and 103-109. The biggest 

sequence outlier, mAbSL 108, has considerable differences with the other mAbSL 

antibodies, and displays a lower affinity for protofibrils, yet still retains some selectivity 

for protofibrils over other Aβ species. A deeper and more specific analysis of the 

sequences showed locations of particular interest that may play a role in conferring 

mAbSL selectivity for Aβ protofibrils. For the HC, 5 residues were identified in the HC 

and 1 in the LC that was consistent in the non-selective Aβ mAbs, but different in the Aβ 

protofibril-selective mAbSL antibodies (Table 3.2). Interestingly and uniquely, mAbSL 

502 matches 5 of the 6 residues common to the non-selective Aβ mAbs and only has the 

Ser at residue 35, yet still displays selectivity for protofibrils.  

Table 3.1. Sequence identities between mAbSL and A mAb antibodies 

Heavy chain Identity Similarity Gaps 
A mAb 550 95.7 97.1 0 
mAbSL 502 95.7 97.1 0 
mAbSL 519 90.6 91.4 0 
mAbSL 545 90.6 90.6 0 
mAbSL 113 84.9 87.8 1 
mAbSL 540 82.7 84.9 1 
mAbSL 531 82 84.2 2 
mAbSL 108 66.2 71.7 13 
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Light chain    
mAbSL 545 95.2 97.6 0 
mAbSL 519 94.4 97.6 0 
mAbSL 502 94.4 96.8 0 
A mAb 550 92.7 95.2 0 
mAbSL 113 91.9 96.0 0 
mAbSL 531 91.9 95.2 0 
mAbSL 540 91.1 95.2 0 
mAbSL 108 89.5 92.7 0 

 

Table 3.2. Notable amino acid differences between mAbSL and A mAb antibodies. 

Residue A mAbs mAbSLs 
HC  35 Arg Ser, Thr 
37 Ser Tyr 
45 Pro Ala 
104 Ile Glu, Thr, Gln 
105 Gly Ser, Thr 
LC   102 Gly Ser, Ala 

 

3.4.2. Cell-culture and transfection of 293 F cells with heavy-chain and light-

chain plasmid  

FreeStyleTM 293 mammalian expression system (293 human embryonic kidney 

cells) was used for large-scale transfection of cloned HC and LC plasmid because these 

cells have the capability of having suspension growth. They have been well adapted to 

generate high levels of recombinant protein. The cells were grown in a defined, serum-

free FreeStyleTM 293 Expression media stored at 4°C. The medium is optimized to 

support high-density culture, supplemented with GlutaMAX-I.  

At the time of cell culture, an aliquot of 293 F cells was grown in an expression 

medium and incubated at 37°C in 8% CO2 at continuous rotation for 2-3 days. Cell 

counting was performed on at regular basis to ensure healthy growth, good viability, and 
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enough concentration of cells. The cells were passaged and diluted to 0.2×106 viable 

cells/ml on every third day. Transfection was done using the plasmid DNA and 293 fectin 

reagent either at a large-scale (120 mL total volume) or a small-scale (30 mL total 

volume). The cell suspension was prepared by adding the needed volume of cell 

suspension into a sterile Erlenmeyer shaker flask to which a pre-warmed expression 

medium was added. DNA-293fectin complex (8 ml) was added to the flask and was 

incubated shaking at 37°C in 8% CO2 condition for 72 hrs.  

A dot blot was performed after 2 days of transfection confirming the presence of 

the mAbs. Cells were harvested in 4-5 days by centrifuging for 5 minutes at 1000g. Pellet 

was discarded, and the supernatant removed which contained the monoclonal antibody 

(Figure 3.15) 

 

Figure 3.15. Expression of mAbSL antibodies confirmed by dot blot of 293 F cell 
expression supernatant. Freestyle 293 F cells were co-transfected by HC and LC 
plasmids from mAbSL 113 (1 μg/mL). The medium was collected from the growing cells 
and tested. The supernatant after spinning at 1000 g for 5 min was dotted in triplicate 
onto the membrane and blocked for 1 hour, followed by secondary antibody anti-rabbit 
IgG Horseradish peroxidase (1:1000 dilution). ECL substrate was applied and imaged 
using a gel imager. 
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3.4.3. Expression and affinity purification of secreted monoclonal antibodies 

The mAbSL antibodies are secreted directly into the medium making recovery via 

centrifugation possible. The secreted antibody was loaded to a Protein G column for 

initial affinity purification work. The equilibrium/wash buffer used was PBS pH 7.4 and 

the elution buffer was 0.2 M glycine, pH 1.85. Later, the Protein A affinity column 

(MabSelect Prism A) was used for large-scale transfection and protein A ligand generally 

binds to the Fc region of an immunoglobulin. The equilibrium/wash buffer used was 50 

mM sodium phosphate, 100 mM sodium chloride pH 7.4 and the elution buffer was 100 

mM sodium acetate, pH 3.6. The peak fractions were pooled and concentrated using a 

spin column to usually a final volume of 0.5 ml. Typical yields of the purified antibodies 

ranged from 10-30 mg/L. The concentrations obtained for all the transfections are 

provided in Table 3.7. The cloning, purification, and sequencing of the HC and LC 

plasmid pairs for the 8 antibodies permitted their expression, purification, and 

characterization of multiple mAbSL and Aβ mAb monoclonal antibodies (Figure 3.16). 

Each antibody showed varying degrees of selectivity for Aβ42 protofibrils compared to 

Aβ42 monomers (Figure 3.17) 
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Figure 3.16. Purification of mAbSL antibodies. FreeStyle 293 cells were co-
transfected with mAbSL HC and LC plasmids. The transfected cells were centrifuged 
for 10 min at 5000 g and the supernatant was affinity purified on a Protein G column. 
Antibody elution was monitored by UV absorbance at 280 nm. The Elution buffer used 
was 0.2 M glycine, pH 1.86 into 2 mL fractions and were neutralized with 300 µL in 1M 
Tris-HCl. Eluted fractions were pooled together and concentrated using spin filters. The 
concentration was determined by measuring absorbance at 280 nm. 

 

 
Figure 3.17. mAbSL and Aβ mAb antibodies expressed in-house display different 
Aβ42 protofibril selectivity. Monoclonal antibodies were assessed for selectivity with an 
indirect ELISA after expression in FreeStyle 293-F cells and affinity purification. 
Microplate wells were coated with a concentration range (5-320 nM, 1-72 ng) of SEC-
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purified Aβ42 protofibrils (blue circles) or Aβ42 monomers (red triangles) and probed 
with each monoclonal primary antibody. The concentration used for each primary 
antibody was 0.5 μg/mL, except for mAbSL 108, which was used at 17 ug/mL. 
Completion of the ELISA provided the final A450 nm values. Data points (± SEM) 
represent the average of n=3 trials. (Supervised Antanisha Parks on these experiments) 

3.4.4. Monoclonal antibodies offer great selectivity towards protofibrils 

Several ELISA studies were performed on the generated monoclonal antibodies. 

Indirect ELISA studies were carried out on recombinantly expressed antibodies mAbSL 

511, mAbSL 113, mAbSL 540, and mAbSL 545. Curve-fitting using a single rectangular 

hyperbola, y=ax/(b+c) yielded Kd as 23 nM, 16 nM, 21 nM, and 9 nM respectively 

(Figure 3.18A). One of the mAbSL antibodies with the highest affinity and selectivity for 

Aβ protofibrils was mAbSL 113. Dose-dependent mAbSL binding in a titer ELISA to 80 

nM (18 ng/well) Aβ42 protofibrils showed a significant interaction even at 0.5 nM 

mAbSL 113 (Fig 3.18B). A considerably less affinity was displayed by mAbSL 108 for 

Aβ42 protofibrils with no significant interaction below 10 nM antibody. To better assess 

the selectivity of mAbSL 113, a competition ELISA was employed whereupon solution 

Aβ42 protofibrils, Aβ42 monomers, and Aβ42 fibrils competed with Aβ42 protofibrils 

coated on wells. Nonlinear curve-fitting of the data provided affinity values in terms of 

the dissociation constant (Kd). A KD of 7 nM was determined for mAbSL 113 binding to 

Aβ42 protofibrils and a KD of 602 nM for mAbSL 113 binding to Aβ42 monomers (Fig 

3.18C). This represented nearly 2 orders of magnitude preference of mAbSL 113 for 

Aβ42 protofibrils relative to monomers. In a separate competition ELISA comparing 

protofibrils and fibrils, KD values of 2 nM and 153 nM were determined for mAbSL 113 

binding to Aβ42 protofibrils and fibrils, respectively (Fig 3.18D). 



 

85 

 

A42, nM

0 20 40 60 80

A
45

0 
nm

 

0

1

2

511
113
540
545

   

[A42] nM
0.1 1 10 100 1000

A
450 nm

0

1

   
Figure 3.18. ELISA reveals affinities of mAbSL 113 for Aβ42 species. A. Aβ42 
protofibril-selective expressed mAbSL preferentially binds to Aβ42 protofibril as 
assessed by indirect ELISA. Absorbance trace A280 nm obtained by plating ELISA plated 
with Aβ42 protofibril in the concentration range of 80 nM -5 nM. Each data point is the 
average ± standard error for three independent measurements. Curve-fitting of the data 
was performed using Sigma Plot. Data points (± standard error measurements, SEM) 
represent the average of n=3 trials and were fit to a 3-parameter Hill plot equation using 
SigmaPlot software. The curve-fitting of the data provided Kd value shown in the plot. B. 
Different ELISA formats (titer, indirect) were used to assess mAbSL antibodies. 96-well 
ELISA plates were coated with Aβ42 protofibrils (18 ng/well) and probed with a 
concentration range of affinity-purified mAbSL 113 (red circles) or mAbSL 108 (blue 
triangles) antibodies. Competition experiments were conducted as described in the 
Methods between solution Aβ42 protofibrils, Aβ42 monomers, and Aβ42 fibrils and 
Aβ42 protofibrils coated on wells. C. Solutions containing mAbSL 113 (1 μg/mL) and a 
concentration range of Aβ42 protofibrils (0.12-120 nM) and Aβ42 monomers (1.25-1280 
nM) were incubated for 1 h prior to application to the protofibril-coated wells (18 

-log [mAbSL] (M)
7 8 9 10

A
45

0 
nm

 

0.0

0.5

1.0

113

108

[A42] nM
0.1 1 10 100 1000

%
 r

es
po

ns
e

0

120

A. B. 

Aβ42 Mon 
KD = 602 nM 

Aβ42 PF 
KD = 7 nM 

Aβ42 PF 
KD = 2 nM 

Aβ42 Fib 
KD = 153 nM C. D. 



 

86 

 

ng/well). An indirect ELISA yielded the final A450 nm values. Data points (± standard 
error measurements, SEM) represent the average of n=3 trials and were fit to a 3-
parameter Hill plot equation using SigmaPlot software. The curve-fitting of the data 
provided Kd value shown in the plot. D. In a separate competition experiment, solutions 
containing mAbSL 113 (0.1 μg/mL) and a concentration range of Aβ42 protofibrils 
(0.06-60 nM) and Aβ42 fibrils (0.94-480 nM) were incubated as in panel A and applied 
to protofibril-coated wells (18 ng/well). The final ELISA A450 nm values for each species 
were normalized to the lowest concentration of each competitor (highest A450 nm) and 
presented as % response. Data points (± SEM) represent the average of n=3 trials for both 
panels. Data were fitted with a 4-parameter Hill equation using SigmaPlot software, 
which provided KD values shown in the graphs.  

3.4.5. High-throughput transfection using deep-well plate 

The expression of all mAbSLs in high-throughput transfection with 2 mL cell 

expression volume. The supernatants were directly assessed without affinity 

chromatographic purification of the secreted antibodies. High-throughput expression of 

mAbSLs and Aβ mAbs in deep-well plates provided a rapid method for evaluating the 

expression and conducting characterization studies before purification. Indirect 

selectivity ELISA studies using cell-free supernatants obtained from the expression wells 

demonstrated varying degrees of selectivity for Aβ42 protofibrils over monomers by the 

8 different mAbSLs and no conformational selectivity by the 2 Aβ mAbs (Figure 

3.19A,B). 
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Figure 3.19. High-throughput expression permitted rapid assessment of multiple 
mAbSL antibodies. A. Schematic of ELISA arrangement. B. Small-scale expressions 
were performed in FreeStyle 293-F cells using a deep-well cell culture plate (2 mL 
volume). After 3 days of expression, cell-free supernatants were directly assessed for 
selectivity with an indirect ELISA. Microplate wells were coated with 20, 40, and 80 nM 
(0.1 mL) of SEC-purified Aβ42 protofibrils (blue circles) and Aβ42 monomers (red 
triangles) for 1 h followed by application of 0.1 mL cell-free supernatants containing 
mAbSLs or Aβ mAbs. Completion of the ELISA provided the final A450 nm values. Data 
points (± SEM) represent the average of n=2 trials. (Supervised Ryan Domalewski and 
Gabriel Riggio on these experiments) 

3.5. Conclusion 

It has been challenging to discover conformational-selective monoclonal 

antibodies that preferentially bind to Aβ42 protofibril over monomers and fibrils. The 

task is tedious to perform because of the transient nature of Aβ42 protofibril and the 

structural polymorphism displayed (Bonito-Oliva, Schedin-Weiss, et al. 2019). The 

findings presented in this chapter describes the success in the development, cloning, 

sequencing, expressing, and purifying of a novel class of Aβ conformation-selective 

A. 

B. 
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monoclonal antibody which confers selectivity and access for soluble Aβ-protofibrils 

named Antibody St. Louis (mAbSL). Polyclonal serum antibody (AbSL) and monoclonal 

antibody (mAbSL) display significant selectivity towards protofibrils and lower affinity 

towards Aβ monomers and fibrils. Thus, it can be concluded that mAbSL can discern 

differences between Aβ protofibril structure and Aβ fibril structure with greater 

sensitivity than other conformational selective antibodies in the field such as BAN2401 

and Aducanumab. AbSL recognizes Aβ forms in AD mice brains that may not be easily 

detected by conventional Aβ antibodies (Colvin, Rogers, et al. 2017). 

The information provided includes new developmental methods and expanded 

antibody analysis. Aβ protofibril selectivity has been ascertained by adopting ELISA 

strategies including indirect ELISA and antigen competition ELISA format. We have also 

successfully expressed and characterized 8 mAbSL antibodies in a high-throughput 

fashion using 2 mL deep-well cell culture plates. The procedure involving smaller 

volume yielded sufficient antibodies for ELISA testing. Aβ mAb 513 and 550 were 

identified as non-selective monoclonal candidates. 

Cloning and sequencing of the HC and LC variable regions from multiple mAbSL 

and Aβ mAb antibodies provided new insights into variable-region amino acid residues 

that may impart selectivity for one Aβ conformation over another. Cloning and sequence 

analysis of the mAbSL and Aβ mAb HC and LC variable regions yielded insights into 

potential regions or residues on the mAbSL antibody that are involved in conformational 

recognition. There are many combinations of amino acid residues that antibodies utilize 

for contact sites, but there was some consistency observed for the mAbSL antibodies in 

the sequence comparison with the non-conformation selective Aβ mAbs. There are few 
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published reports containing conformation-selective antibody sequence information. A 

crystal structure of the gantenerumab Fab fragment in complex with Aβ1-11 (PDB 

5CSZ) included the gantenerumab HC and LC sequences (Bohrmann et al. 2012). 

Sequence alignment and comparison with the mAbSL 113 variable regions gave 

surprising results. Even though gantenerumab is a human antibody and mAbSL 113 is 

derived from rabbits, there was a high degree of identity and similarity. The HC 

sequences had 57% identity and 66% similarity with 16 gaps, while the LC sequences 

had 50% identity and 69% similarity with 10 gaps.   

Conformation-selective antibodies that target Aβ have been a significant area of 

research for many years. Polyclonal antibodies M93/M94 and A11 display significant 

selectivity for Aβ-derived diffusible ligands (ADDLs) (Lambert et al. 2001) and Aβ 

oligomers respectively (Kayed et al. 2003). A11 has been used to detect oligomers in 

brain tissue from AD mouse models (Lesne et al. 2006, Deshpande et al. 2009). 

Monoclonal antibody NAB61 preferentially recognizes a conformational epitope present 

in oligomeric Aβ structures (Lee et al. 2006) and was instrumental in elucidating a halo 

of oligomeric Aβ surrounding plaques in an AD mouse model (Koffie et al. 2009). 

BIIB037 is a human monoclonal antibody that binds fibrillar Aβ42 with high affinity but 

does not bind soluble Aβ40 (Goure et al. 2014). 

Human monoclonal antibody BiiB037 and the humanized form, aducanumab, 

display a much greater affinity for aggregated Aβ than for soluble (monomeric) Aβ, 

reduces soluble and insoluble Aβ in an AD transgenic mouse model, and slows clinical 

decline in AD patients with mild AD (Goure et al. 2014, Sevigny et al. 2016). 

Monoclonal antibody mAb158 displays selectivity for Aβ protofibrils and fibrils 
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(Englund et al. 2007) and its humanized form, BAN2401, reduces Aβ protofibrils in the 

brain and CSF of an AD transgenic mouse model (Tucker et al. 2015), and rescues 

neurons from Aβ-induced death (Söllvander et al. 2018). Another humanized monoclonal 

antibody, gantenerumab, also displays high-affinity binding to aggregated Aβ (Bohrmann 

et al. 2012, Goure et al. 2014). Thus, achievements have been made to obtain antibodies 

that are selective for either aggregated or monomeric Aβ. However, the development of 

antibodies with selectivity between aggregated forms of Aβ (e.g., oligomers, protofibrils, 

fibrils) has been far less reported. The findings in this report demonstrate the ability of 

the mAbSL antibody to differentiate between Aβ42 protofibrils and fibrils. 

There is both vigorous debate and promise for conformation-selective antibodies 

in AD therapeutics. Aducanumab was initially deemed as not meeting the primary 

objectives for AD treatment in clinical trials, but follow-up analysis revealed a reduction 

in the progression of cognitive and functional impairments in patients receiving the 

highest dose (Kwon et al. 2020). Based on these results, aducanumab (AduhelmTM) was 

approved by the United States Food and Drug Administration (FDA) as the first 

potentially disease-modifying therapeutic for AD. BAN2401 (Lecanemab) continues to 

meet expectations in clinical trials (Kwon et al. 2020, McDade et al. 2022, van Dyck et 

al. 2022), and is likely to seek FDA approval in the coming year. The enthusiasm is 

tempered somewhat by the modest effects on disease progression (Walsh et al. 2022).  

Binding constants obtained for conformation selective Aβ antibodies provide 

information regarding selectivity between distinct Aβ species. Using an inhibition 

ELISA, mAb158/BAN2401 (Lecanemab) yielded IC50 values of 6-7 nM for Aβ42 

protofibrils and 1200-1400 nM for LMW Aβ42 (monomer) (Englund et al. 2007). As 
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reported above, mAbSL 113 had KD values in the low nM range (2-9 nM) for Aβ42 

protofibrils, 150 nM for Aβ42 fibrils, and 600 nM for Aβ42 monomers in a similar type 

of binding assay. The apparent affinity (EC50) of aducanumab for aggregated Aβ42 was 

reported to be 0.1 nM, with no binding observed to monomeric Aβ40 at concentrations 

up to 1 μM. Aducanumab did bind to bona fide human Aβ fibrils (Sevigny et al. 2016). 

Equilibrium binding studies using surface plasmon resonance produced binding constants 

for gantenerumab binding to Aβ fibrils, oligomers, and monomers of 0.6, 1.2, and 1.7 nM 

respectively (Bohrmann et al. 2012). 

Lecenamab (BAN 2401) is an investigational humanized monoclonal antibody 

that binds to neutralize and eliminate soluble, toxic Aβ aggregates. A recent study 

demonstrated statistically significant results from a large global Phase 3 confirmatory 

clarity AD clinical trials. The anti-Aβ protofibril selective antibody had a positive effect 

on disease pathology and slowed down the progression of the disease. This 

groundbreaking study with a clinically meaningful impact on cognition and function 

ensures the effectiveness of therapeutic drugs targeting the early stages of AD. AbSL, a 

protofibril-selective antibody discerned the differences between conformationally-

distinguishable species such as protofibrils, fibrils and monomers. 

The newly developed class of antibodies has potential diagnostic and therapeutic 

utility in AD tissue and patients, and we believe targeting Aβ42 has beneficial effects. 

The effectiveness and utility of AbSL would ameliorate the current loopholes in AD. 
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CHAPTER 4: PROPERTIES OF MONOCLONAL PROTOFIBRIL-SELECTIVE 

ANTIBODY 

Studying the effects of the expressed conformational-sensitive antibodies on 

monomer aggregation and protofibril transition to fibrils is crucial for understanding how 

monoclonal antibody affects the molecular mechanism of aggregation of amyloid protein 

and for the exploration of therapeutic aspects of monoclonal in AD. It is critical to 

understand the impact of mAbSL on Aβ42 monomer folding to form an aggregated 

assembly. These aberrant soluble assemblies have been known to cause marked 

degeneration of the neurons and their synapses and thus offer a compelling approach to 

target the misfolded soluble structures (Huang and Liu 2020, Ono and Tsuji 2020). 

A detailed experimental plan was carried out to evaluate the effect of a selective 

and a non-selective monoclonal antibody on Aβ42 aggregation. Going forward, we aimed 

to use a selective mAbSL (mAbSL 113) and a non-selective antibody (mAb Aβ 513) to 

carefully draw differences in the impact of both the antibodies on Aβ42 monomer 

aggregation and Aβ42 protofibril dynamics. Monoclonal AbSL 113 was one of the first 

clones to display a highly selective nature towards Aβ42 protofibrils immunogen as 

compared to Aβ42 monomers and Aβ42 fibrils (Figure 4.1A). In other words, mAbSL 

113 is a sequence-independent antibody and it recognizes a secondary or quaternary 

structure on Aβ42 protofibrils. Monoclonal Ab Aβ 513, on the other hand, exhibited the 

same reactivity profiles with Aβ42 monomers, protofibrils, and fibrils (Figure 4.1 B). We 

hoped that working simultaneously with both the characterized antibodies will help us 
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resolve the mechanism of both a sequence-specific antibody and a non-sequence-specific 

antibody and will yield us molecular-level insights on the role of monoclonal antibodies 

in the clearance of Aβ42. 

 

 
Figure 4.1. Indirect ELISA with a protofibril-selective antibody and a non-selective 
antibody. A. Microplate wells were coated with a concentration range (5-80 nM, 1-72 
ng/well) of Aβ42 protofibrils (blue circles), Aβ42 monomers (red down triangles), and 
Aβ42 fibrils (green up triangles) and probed with mAbSL 113 (1 μg/mL). B. The same 
experimental set-up for panel B was used to assess mAb Aβ 513 (0.5 μg/mL) selectivity 
for Aβ42 protofibrils (blue circles) and Aβ42 monomers (red triangles), A similar. Data 
points (± SEM) represent the average of n=3 trials for all three panels.  

The kinetics of Aβ42 monomer aggregation was monitored spectroscopically 

using thioflavin T fluorescent dye. Thioflavin T (ThT) is a well-known measure of β-

pleated sheet content and provides a great way to examine the aggregation advancement 

of Aβ42. Thus, it is evident that the dye does not associate with solvent exposed 

monomeric Aβ42 and thus no fluorescence is observed in the presence of monomer 

(Levine III 1993). The assay is based on variations of the fluorescence confronted on 

binding with the aggregated amyloid protein. ThT fluorescence was determined by 
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placing 80 uL of the solution in a quartz cuvette. Fluorescence emission scans (460-520 

nm) were acquired on a Cary Eclipse fluorescence spectrophotometer using an excitation 

wavelength of 450 nm. Emission scans will be integrated from 470-500 nm to obtain ThT 

relative fluorescence values (RFU). 

4.1. Monoclonal antibody inhibits A42 monomer aggregation 

Several attempts were made to optimize the conditions necessary to mimic SEC-

purified Aβ42 monomer aggregation in the lab. The parameters which were constantly 

modified included temperature modifications, quiescent or shaking conditions with 

changes in the speed of the shaker used, buffer system used, the concentration of Aβ42 

monomers and thioflavin T dye.  

4.1.1. Concentration-dependent effect of selective monoclonal antibody 

After successful optimization in a cuvette-based assay, the solution of SEC-

purified Aβ42 monomer (5 μM) was incubated quiescently at 37°C in a water bath in the 

presence or absence of mAbSL 113 for a 15-hour time. The assay was performed in a 

siliconized tube with two different concentrations of the antibody being 0.5 μM (Aβ42 

monomer: mAbSL 113=10:1) and 0.05 μM (Aβ42 monomer: mAbSL 113=100:1). The 

concentration-dependent inhibition of the conformational-selective antibody was 

observed with increase in t1/2 values with elevated concentration of antibody (Figure 4.2).  
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Figure 4.2. AbSL monoclonal antibody inhibits Aβ aggregation at sub-
stoichiometric ratios. Solutions of SEC-purified Aβ42 monomer (5 μM) were incubated 
quiescently at 37 °C (water bath) in low-retention tubes in the absence (circles) or 
presence of monoclonal AbSL (mAbSL) antibody at 0.01 (triangle) and 0.1 (diamonds) 
molar ratios to Aβ42. Thioflavin T (ThT) (10 μM) was included in the solution as well as 
NaN3 (0.05%) to prevent microbial growth. At selected time points, ThT fluorescence 
was determined by placing 80 μL of the solution in a quartz cuvette and taking emission 
scans from 460-520 nm with an excitation wavelength of 450 nm. Numeric values were 
obtained by integration of the emission curves from 470-500 nm. The cuvette samples 
were recovered back into their respective tubes and incubated further. Data points and 
error bars represent the average and standard error for n=3 replicate tubes at each time 
point for each aggregation solution. Curve fitting was done as described and yielded t1/2 

values of 3.9 h, 5.4 h, and 6.5 h for Aβ42 alone, Aβ42 + 0.01 mAbSL, and Aβ42 + 0.1 
mAbSL respectively.  

It is of great interest to carefully examine the impact of our antibodies on Aβ42 

aggregation kinetics. Thus, the Aβ42 monomer concentration was increased to 10 μM for 

the next set of experiments with the monoclonal antibody. The kinetics of Aβ42 

monomer aggregation was conducted by incubation with 1 μM concentration of the 

monoclonal AbSL 113 with constant shaking at 1000 rpm in a low-retention tube (n=3). 

The buffer system used for the experiment was 50 mM TRIS pH 8.0 buffer with 30 mM 

salt concentration. The kinetic data were fitted to a 4-parameter sigmoid equation to 
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determine kinetic parameters t1/2 (time at half completion of the aggregation process) and 

tlag (lag time) (Hellstrand et al. 2009). Aβ42 monomer aggregation in the absence of an 

antibody yielded a t1/2 value of 3.8 h and a tlag of 2.9 h (Figure 4.3). The dotted curves 

represent the error in Aβ42 monomer aggregation (Figure 4.3). The inclusion of mAbSL 

113 at a sub-stoichiometric concentration had a striking and unique effect on Aβ42 

monomer aggregation. Although the data could not fit with a conventional equation, a 

nucleation and growth phase were noted that correlated temporally with aggregation in 

the absence of antibody (Figure 4.3). However, the aggregation progress was 

significantly and rapidly suppressed between 5-6 hours and failed to yield any detectable 

aggregates over time. The effect of mAbSL 113 on Aβ42 monomer aggregation kinetics 

suggested that the antibody was binding to aggregates soon after nucleation, thus 

preventing further growth.   
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Figure 4.3. mAbSL monoclonal antibody inhibits Aβ aggregation at sub-
stoichiometric ratios. Solutions of SEC-purified Aβ42 monomer (10 μM) were 
incubated by shaking at 1000 rpm 37°C in low-retention tubes in the absence (black 
curve) or presence of monoclonal AbSL (mAbSL) antibody 113 at 0.1 (red). Thioflavin T 
(ThT) (20 μM) was included in the solution. 50 mM TRIS pH 8.0 buffer was used with 
30 mM salt concentration. At selected time points, ThT fluorescence was determined by 
placing 80 μL of the solution in a quartz cuvette and taking emission scans from 460-520 
nm with an excitation wavelength of 450 nm. Numeric values are presented as relative 
fluorescence units (RFU) and were obtained by integration of the emission curves from 
470-500 nm. The cuvette samples were recovered back into their respective tubes and 
incubated further. Data points and error bars represent the average and standard error for 
n=3 replicate tubes at each time point for each aggregation solution. Curve fitting was 
done using SigmaPlot. The dotted line represents the standard error in the aggregation 
data of the Aβ42 monomer in the data obtained. (Graph created in collaboration with Dr. 
Nichols)  

4.1.2. Effect of a non-selective monoclonal antibody 

The reaction kinetics of Aβ42 monomer aggregation was performed similarly 

with the non-selective monoclonal antibody candidate mAb Aβ 513. The same reaction 

conditions were used to monitor the assay. The impact of Aβ mAb 513 (1:10 antibody-
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Aβ ratio) on Aβ42 monomer aggregation kinetics was very different, in that nucleation 

and elongation was both inhibited through a more conventional mechanism. t1/2 increased 

from 2.2 h to 3.8 h in the presence of antibody, and the tlag was extended from 1.1 h to 2.8 

h (Figure 4.4). The maximum ThT fluorescence was significantly reduced from 5400 to 

1200 in the presence of the mAb Aβ 513. The inhibitory effect of the non-conformation-

selective mAb suggested a mechanism whereby Aβ42 monomers are immediately bound 

upon incubation, effectively lowering the Aβ42 concentration and lengthening the lag 

phase. The maximum aggregation dwindled as compared to of Aβ42 monomer alone 

(Figure 4.4).  
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Figure 4.4. mAb Aβ monoclonal antibody inhibits Aβ aggregation at sub-
stoichiometric ratios. Solutions of SEC-purified Aβ42 monomer (10 μM) were 
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incubated shaking at A. 1000 rpm (left panel) B. 750 rpm (right panel) 37°C in low-
retention tubes in the absence (black curve) or presence of monoclonal AbSL (mAbSL) 
antibody at 0.1 (red) mAb Aβ 513. Thioflavin T (ThT) (20 μM) was included in the 
solution. 50 mM TRIS pH 8.0 buffer was used with 30 mM salt concentration. At 
selected time points, ThT fluorescence was determined by placing 80 μL of the solution 
in a quartz cuvette and taking emission scans from 460-520 nm with an excitation 
wavelength of 450 nm. Numeric values were obtained by integration of the emission 
curves from 470-500 nm. The cuvette samples were recovered back into their respective 
tubes and incubated further. Data points and error bars represent the average and standard 
error for n=3 replicate tubes at each time point for each aggregation solution. Curve 
fitting was done using a 3-parameter sigmoidal curve on SigmaPlot. The dotted line 
represents the standard error in the aggregation data of the Aβ42 monomer in the data 
obtained. (Figure created in collaboration with Dr. Nichols).  

4.2. Monoclonal antibody interacts with A42 protofibrils 

Studies by many groups have shown that the rate of protofibril formation and the 

time over which protofibrils persist is strongly influenced by Aβ primary sequence 

(Walsh et al., 1997; Nilsberth et al., 2001). We were interested in observing the steady-

state level of protofibrils governed by the interaction of our monoclonal antibody with 

protofibrils and conversion to fibrils. Studies were conducted to demonstrate how 

mAbSL affects the progress of protofibril, by dissociation or by conversion to fibril 

formation. Previous studies have shown two different modes of Aβ40 protofibril growth: 

protofibril elongation by monomer addition and protofibril association by itself. The two 

modes resolved by varying salt concentrations were confirmed by MALS and AFM 

studies (Nichols et al., 2002). It was interesting to look at the influence conformational-

selective antibodies have on Aβ42 protofibril. Closely examining the formation of the 

complex helped us infer necessary information on how mAbSL inhibits the deleterious 

effects of Aβ42. 

We were curious to know the impact of both selective and non-selective 

antibodies on Aβ42 protofibril dynamics (dissociation or further assembly) in vitro. 
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Quiescent incubation of SEC-purified Aβ42 protofibrils (10 μM) in the absence and 

presence of mAbSL 113 and Aβ mAb 513 separately (n=3) was carried out at room 

temperature in low-retention tubes with 50 mM TRIS pH 8 as a buffer for 3 days. The 

ThT fluorescence signal for each reaction tube was measured two times each day: the 

first time before spinning the tube (pre-spin) and the second time after the sample was 

spun at 17,000 g for 10 minutes (post-spin). The fluorescence measurement in the Aβ42 

protofibrils reaction tube by itself had a slight change in reading from consecutive days. 

There was minimal difference in RFU measurements between pre-spin and post-spin 

readings due to their stability and did not undergo either dissociation or further assembly 

to an insoluble species (Figure 4.5). 

In the presence of mAbSL 113 or Aβ mAb 513 at a 1:10 antibody: Aβ molar ratio, 

the Aβ42 protofibrils immediately formed an insoluble complex in the solution that could 

be removed from the solution by centrifugation. Nearly 93% and 78% of the Aβ42 

protofibrils were found in an insoluble complex within 30 min of incubation with mAbSL 

113 or Aβ mAb 513, respectively. After 2-3 days of incubation with both antibodies, the 

Aβ42 protofibrils were completely removed from the solution by centrifugation (Figure 

4.5). 
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Figure 4.5. Protofibril dynamics in the presence of mAbSL monoclonal antibody at 
the 10-fold difference. Solutions of SEC-isolated Aβ42 protofibrils (10 μM) and ThT 
(20 μM) were incubated quiescently at 25 °C in the absence or presence of mAbSL 113 
or Aβ mAb 513 at varying antibody concentrations (0.2, 0.5, or 1 μM). Solutions were 
assessed by ThT fluorescence and reported as relative fluorescence units (RFU). A. 
Solutions of Aβ42 protofibrils in the absence (solid red bar) or presence of mAbSL 113 
(orange hatched bar) or Aβ mAb 513 (yellow hatched bar) at a 1:10 mAb: Aβ42 ratio. 
ThT data is shown before, or following, centrifugation at 17,000g for 10 min. (Figure 
credits: Dr. Nichols) 

In an extended time course of incubation, SEC-isolated Aβ42 protofibrils became 

less soluble over time (Figure 4.6). However, the inclusion of mAbSL 113 and Aβ mAb 

513 1:20 antibody: protofibril ratio fastened this process. The lower stoichiometric ratio 

allowed observation of differing effects between the conformational-selective mAbSL 

113 and the nonconformational-selective Aβ mAb 513 antibodies (Figure 4.6). At early 

time points (0-6 days), mAbSL 113 was much more effective than Aβ mAb 513 at 

altering protofibril stability and triggering conversion to an insoluble complex. Even at 
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this low antibody: protofibril ratio, mAbSL 113 rapidly caused deposition of Aβ42 

protofibrils just 30 min after inclusion in the solution (Figure 4.6). Further lowering of 

the antibody: protofibril ratio to 1:50 yielded a similar difference between the effects of 

the two antibodies, with mAbSL 113 still exerting a significant impact on protofibril 

dynamics (Figure 4.6). The deposition time course with the inclusion of Aβ mAb 513 

was closer to that of Aβ42 protofibrils alone. 

 

   
Figure 4.6. Protofibril dynamics in the presence of mAbSL monoclonal antibody. 
Solutions of SEC-isolated Aβ42 protofibrils (10 μM) and ThT (20 μM) were incubated 
quiescently at 25 °C in the absence or presence of mAbSL 113 or Aβ mAb 513 at varying 
antibody concentrations (0.2, 0.5, or 1 μM). Solutions were assessed by ThT fluorescence 
and reported as relative fluorescence units (RFU). Solutions of Aβ42 protofibrils in the 
absence (dark red circles) or presence of mAbSL 113 (orange down triangles) or Aβ mAb 
513 (yellow up triangles) at 1:20 and 1:50 mAb: Aβ42 ratios. All panel B data is 
following centrifugation at 17,000g for 10 min (post-spin). Data bars (± SEM) for all 
measurements represent the average of n=3 trials. All panel B error bars are smaller than 
the symbols and not visible. (Figure credits: Dr. Nichols) 
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4.3. A42 protofibrils and monoclonal antibody complex imaged using 

atomic force microscopy 

Atomic force microscopy (AFM) is a great tool to study the topography of 

conformationally-distinct structures such as Aβ42 protofibrils and fibril structures. I have 

worked quite a bit on using AFM on the pellets observed from the protofibril dynamics 

section. High-resolution images of Aβ42 fibrils were gathered to be used as a control 

(Figure 4.7).  

  

  
Figure 4.7. Images of Aβ42 fibrils (5 μM). A solution of Aβ42 (10 μM) was prepared 
and applied to the mica bead. All 4 panels show the insoluble fibrillar structure. The 
length ranges from 12-20 nm.  

A. 

C. D. 

B. 
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Images for Aβ42 protofibrils from Aβ42 protofibril dynamic experiment described in 

Figure 4.5 were taken using AFM. Images are shown in Figure 4.8 and the image analysis 

has been summarized in Table 4.1. 

  

  
Figure 4.8. Morphological differences between Aβ42 fibrils and Aβ42 protofibril 
samples from protofibril dynamics. The samples were reconstituted in sterile water and 
applied on freshly cut mica beads with A. Aged Aβ42 monomer (fibril) B. Protofibril 
sample C. Aβ42 protofibril+mAbSL 113 D. Aβ42 protofibril+mAb Aβ 513 

A. B. 

C. D. 

B. 
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Table 4.1. Height, length, and width analysis of Aβ42 fibrils and samples from Aβ42 
protofibril dynamics (Aβ42 protofibril in the presence and absence of antibodies) 

 Height analysis 
(nm) 

(Mean height±SD) 

Length analysis 
(μm) 

(Mean length±SD) 

Width analysis 
(μm) 
(Mean width) 

Aβ42 fibril 20.3±2.8 1.5±0.2 0.2 

Aβ42 protofibrils 17.1±2.7 0.23±0.02 0.13 

Aβ42 protofibrils 
with mAbSL 113 

12.4±1.6 0.3±0.02 0.15 

Aβ42 protofibrils 
with mAb Aβ 513 

16.5±2.9 0.5±0.1 0.18 

 

4.4. Conclusion 

The research study has strengthened the experimental mechanism to study the Aβ 

monomer aggregation pathway and the transition to insoluble fibril with the intermediates 

as oligomeric and soluble protofibril species. The conditions that influence the rate of 

oligomerization have been identified and optimized. Elucidating the mechanistic features 

of the conformational-selective and non-selective monoclonal antibodies is vital. It was 

evident from the experiments shown in this chapter that the conformational-selective 

monoclonal antibody (mAbSL 113) has a strong concentration-dependent inhibitory 

effect on Aβ42 monomer aggregation. mAbSL 113 exerted complete inhibition even at a 

10-fold less concentration than Aβ42 monomer concentration. The conformational-
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selective antibodies in the field have been previously studied to work at higher 

concentrations (Lannfelt, Möller, et al. 2014). Bonito-Oliva et al. generated monoclonal 

antibodies to a nucleobindin 1 (NUCB1)-human islet amyloid polypeptide (hIAPP) 

protofibril complex that recognized both hIAPP and Aβ protofibrils (Bonito-Oliva et al. 

2019). The antibodies were selective for Aβ42 protofibrils over Aβ40 monomer and 

exhibited a concentration-dependent inhibitory effect on Aβ42 monomer aggregation 

with significant inhibition (40-70%) at equimolar antibody: Aβ42 ratios (Bonito-Oliva et 

al. 2019). Crenezumab, a humanized monoclonal antibody that targets the mid-Aβ region 

(residues 12-23), binds Aβ monomers, oligomers, and fibrils with similar affinities 

(Adolfsson et al. 2012, Goure et al. 2014). Crenezumab prevented Aβ42 monomer 

aggregation, and disassembled preformed Aβ42 aggregates, at a 1:10 sub-stoichiometric 

molar ratio (Adolfsson et al. 2012). This level of potent Aβ42 monomer aggregation 

inhibition was observed by the protofibril-selective mAbSL 113 antibodies. However, the 

pattern of inhibition by mAbSL 113 was suggestive of a mechanism in which soluble 

Aβ42 protofibrils were formed, rapidly bound by antibody, and their further assembly 

was suppressed.  

The mechanism of inhibition of a non-selective antibody at 10-fold less 

concentration than Aβ42 monomer is significantly different from the conformational-

sensitive antibody. The presence of mAb Aβ 513 with Aβ42 monomer affects the lag 

phase and strongly diminishes the aggregation kinetics, thereby promoting reduced fibril 

formation. 

Considering the non-selective antibody mAb Aβ 513, it probably recognizes a 

sequence rather than a conformation. It binds to soluble Aβ42 protofibrils at a similar 
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extent the way it does with Aβ42 unstructured monomers and insoluble Aβ42 fibrils. 

Time-course aggregation effect of mAb Aβ 513 was characterized on soluble Aβ42 

protofibrils and is shown to inhibit the aggregation of Aβ42 monomer to a significant 

extent. 

Protofibrils represent a transient soluble intermediate in Aβ fibrillogenesis. Once 

removed from residual Aβ monomer, they are quite stable (Coalier et al. 2013), but can 

continue to further assemble into larger insoluble fibrillar structures (Walsh et al. 1999, 

Nichols et al. 2002). If one is to consider conformation-selective antibodies as potential 

therapeutics, it is of interest to know how the antibody binding impacts the antigen 

structure or properties. The presence of conformational-selective antibody, mAbSL 113, 

directly with Aβ42 protofibrils displayed functional binding of the antibody to Aβ42 

protofibrils converting it to an insoluble pellet which was observed as early as 24 hours 

by naked eyes. The images obtained of the pellet generated in the presence of 

conformationally-selective antibodies suggest the inhibition of amyloid aggregation to 

mature fibrils occurs through the active binding of antibodies to soluble pre-fibrillar 

misfolded structures. There is a strong possibility of these monoclonal conformationally-

selective antibodies acting as rescue agents preventing the conversion of intermediate 

structures formed during Aβ42 aggregation to mature fibrils in brain samples. Further 

analysis of the interaction of mAbSL on brain extracts from mouse models and from the 

human sample would suggest that mAbSL 113 would block the conversion of protofibrils 

to fibrils and remove protofibrils by either antibody-mediated processes or direct 

deposition of insoluble non-fibrillar antibody-protofibril complexes.  
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Additional antibodies obtained during the same selection process (Aβ mAbs) 

were not selective for a particular Aβ conformation and served as important controls for 

comparing differences between conformation-selective and non-conformation-selective 

antibodies. 

Observation with a non-selective conformational antibody, mAb Aβ 513, ensured 

complex formation with Aβ42 protofibrils without altering the structure. The sequence-

independent monoclonal antibody exhibited strong binding to Aβ42 protofibrils and the 

images confirmed that the insoluble pellet formed is nowhere near to fibril structure. It 

can be elucidated that the mechanism of Aβ42 aggregation inhibition of conformational-

selective antibodies is through functional binding of intermediate soluble Aβ42 species 

and preventing their saturation to form insoluble fibrils. 

The conformational-selective antibody binds preferentially to Aβ42 protofibrils, 

ultimately, preventing the formation of mature fibrils. 

The biological consequences of Aβ protofibrils have been well-documented and 

the list of deleterious effects is expansive and very diverse (Huang and Liu 2020, Ono 

and Tsuji 2020). Iwatsubo and colleagues demonstrated that injection of Aβ42 

protofibrils into the neocortex and hippocampus of A7 mice at 8 months led to increased 

levels of formic acid extracted insoluble Aβ42 when analyzed 4 months later. Our 

findings have shown that Aβ42 protofibrils activate both TLRs and the NLRP3 

inflammasome, and Aβ42 protofibrils, but not Aβ42 monomers or fibrils, readily interact 

with (Paranjape et al. 2013), and are rapidly taken up by (Gouwens et al. 2016), 

microglia. Following internalization by microglia, Aβ42 protofibrils can be trafficked 

into microvesicles and released from the cell (Gouwens et al. 2018. The cumulative 
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research over many years provides a myriad of reasons to target distinct conformations of 

aggregated Aβ, including protofibrils. Our panel of conformational-sensitive antibodies 

have a high affinity towards target Aβ42 protofibrils over natively folded monomers and 

insoluble plaque-forming fibrils. The reactivity of the characterized monoclonal 

antibodies is quite convincing. Thus, the use of passive immunization of our expressed 

and purified antibodies as therapeutic and diagnostic tools can be a valuable resource in 

the field of AD. 
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CHAPTER 5: EPITOPE MAPPING OF A42 PROTOFIBRILS 

Aβ is amphipathic in nature with the N-terminal segment cleaved from the 

hydrophilic extracellular domain of APP and the transmembrane C-terminal region 

comprises primarily of hydrophobic amino acids (Selkoe 2004, Touchette, Williams et al. 

2010). The middle region of Aβ (residues 17-20) contributes prominently to the 

formation of β-sheet structure (Williams, Portelius, et al. 2004). Solid-state NMR (Tycko 

2015, Xiao, Ma et al. 2015, Colvin, Silvers, et al. 2016, Wälti, Ravotti, et al. 2016) and 

cryo-electron microscopy (Gremer, Schölzel, et al. 2017, Close et al. 2019) studies on 

Aβ40 and Aβ42 confirmed the presence of well-organized hydrophobic and non-polar 

inner core with an open, disordered orientation of N-terminal region which does not 

significantly form part of the β-sheet secondary structure (Au, Ostrovsky, et al. 2019). 

Aβ42 fibrillar structures obtained from AD patients correspond to be made of two 

identical S-shaped protofilaments. Two different categories of filaments were captured. 

Type I filaments were obtained from sporadic AD patients with the presence of many 

dense plaque cores in the brain regions. Type II filaments were estimated in individuals 

with familial AD, PD, DLB, and FTD and these cases had abundant diffuse Aβ deposits 

(Yang et al. 2022). Type I filaments extend from residue 9 to 42 and type II filaments 

from residue 12 to 42 in the ordered core of S-shaped protofilaments (Figure 5.1). The 

finding directly correlates with the disordered structure from residue 9 or 11 at the N-

terminal region. However, partial reproducibility is noticed with in vitro filaments as 

compared to structures from human AD patients. 
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Figure 5.1. Cryo-EM density maps and atomic models of A. Type I, B. Type II 
filaments found in AD brain. The ordered core consists of two identical S-shaped 
protofilaments of type I (orange) and type II (blue). The residues that form part of the S-
shaped domain are highlighted (Yang et al. 2022). 

The atomic resolution structure of the Aβ42 fibril core has been studied by Colvin 

et al. consisting of dimer molecules in an S-shaped amyloid fold as shown in Figure 5.2. 

This arrangement offers a hydrophobic core to fibril, and it can serve us as being the 

structure that relates to protofibril structure. The Wetzel group identified structural 

differences between Aβ40 protofibrils and mature fibrils using HDX-MS coupled with 

online proteolysis (Kheterpal et al. 2006). It was revealed that the internal fragment is 

protected from deuterium exchange in fibrils as compared to protofibrils whereas there 

are similarities in N-terminal and C-terminal segments in both protofibrils and fibrils 

(Kheterpal et al. 2006). FPOP-MS is used to compare the changes in solvent accessibility 

between antigen alone and antigen-Ab complex by quantitating the extent of oxidation of 

the side chains by OH radicals by photolysis of H2O2 (Zhang et al. 2017; Jones et al. 

2011). The Gross laboratory showed how using FPOP-MS can yield residue level 

information when the kinetics of oligomerization of Aβ42 is monitored and conveyed 

which regions were majorly involved during the β-sheet structure formation as 

aggregation progresses (Li et al. 2016). Competition ELISA studies with AbSL targeted 

the involvement of the N-terminal region of protofibril (Colvin et al. 2017). Antibodies 

A. B. 
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are an important tool in studying protofibril structure and aggregation. There is a lack of 

accurate epitope mapping analysis in the conformation-selective antibodies previously 

employed in the field (Saper et al. 2009). Hence, the characterization of the specificity of 

the binding site of mAbSL on the protofibril structure will help us get down to sub-

regional and residue-level information. 

 

Figure 5.2. Atomic resolution structure of monomorphic Aβ42 amyloid fibrils (PDB 
ID 5KK3) (Colvin et al. 2016) 

5.1. Antibody competition study of a monoclonal antibody with antibodies 

Ab5 and Ab 2.1.3 

Antibody competition ELISA has been elucidated in the method section. 96-well 

plates were firstly coated with 100 µL of mAbSL 113 (0.5 µg/mL). An Aβ42 C-terminal 

non-selective antibody, Ab 2.1.3, and an Aβ42 N-terminal non-selective antibody, Ab 5, 

were used as two competing antibodies with mAbSL (Figure 5.3). Three separate tubes 

were prepared with different amounts of both Ab 2.1.3 and Ab9: 0.005 µg, 0.05 µg, and 

0.5 µg. Each tube was incubated with 20 nM biotinylated protofibrils. The mixed 
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solutions were applied to the wells, followed by streptavidin HRP conjugate and the 

addition of HRP substrates.  

Ab 2.1.3 and Ab 5 are Aβ42 non-selective antibodies. The N-terminal specific 

antibody, Ab 5 showed significant inhibition of binding between Aβ42 protofibrils and 

mAbSL 113 as the concentration of Ab 5 was increased (Figure 5.3 B). This indicates 

that as the concentration of competitor antibody was increased, the accessibility of Aβ42 

protofibrils to mAbSL 113 on the plate was lost to a great extent. There was a 

considerable drop in the absorbance with an equimolar amount of Ab 5 and mAbSL and a 

complete inhibition of binding when Ab 5 was 10-fold more in concentration than 

mAbSL. The data suggests the involvement of the N-terminal region in the interaction of 

conformation-specific antibody mAbSL 113 and Aβ42 protofibril. However, for the C-

terminal specific antibody, Ab 2.1.3, a gradual decrease in absorbance was observed 

(Figure 5.3 B). The decline in the interaction of mAbSL with protofibril was statistically 

significant. The effect observed was lower as compared to the N-terminal binding 

antibody. It can be established that the epitope for mAbSL Aβ42 protofibril is associated 

with the C-terminal region as well.  
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Figure 5.3. Probing the mAbSL epitope on Aβ42 protofibrils with an antibody 
competition ELISA. Solutions of biotinylated Aβ42 protofibrils that had been incubated 
with 3 concentrations of a C-terminal specific (Ab2.1.3) or an N-terminal specific 
antibody (Ab5) were applied to wells coated with mAbSL 113. Streptavidin-HRP 
conjugate was added, followed by HRP colorimetric substrates. The final concentrations 
were 0.5 μg/mL mAbSL 113; 20 nM protofibrils; and 0.05-5 μg/mL Ab2.1.3 or Ab5. 
Statistical analysis: 2-tailed paired T-test, p values <0.5 considered significant. 
(Experiment performed by Thao Pham and figure created in collaboration with Dr. 
Nichols) 

5.2. Hydrogen-deuterium exchange-mass spectrometry 

The elucidation of the interaction of monoclonal AbSL with Aβ42 protofibrils is 

crucial for understanding the mechanism of action of mAbSL. Undoubtedly, the high-

resolution techniques for epitope-mapping studies that provide the maximum degree of 

structural details of the interactions are NMR spectroscopy and Cryo-Electron 

microscopy. However, these powerful techniques are quite expensive, labor-intensive, 

and have low throughput. Hydrogen-deuterium exchange mass spectrometry has emerged 

as a great tool for epitope-mapping experiments that provide thorough detail about the 
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binding interactions involved. The technique measures the rate of exchange for protein 

backbone amide-hydrogen with the heavier isotope deuterium. The kinetics of the 

exchange is influenced by hydrogen bonding and solvent exposure of the protein. The 

solvent accessibility and rate of hydrogen-deuterium exchange decrease when the antigen 

protein either adopts a conformational fold or the protein engages with an antibody, thus, 

providing structural details of the local environment around the protein. Proteolytic 

digestion of the interaction using mass spectrometry yields the regions of the peptide 

involved in antibody interaction. HDX-MS technique utilizes a low concentration of 

protein sample and has a relatively fast turnaround and is cost-effective. The 

methodology integrates online custom-based instrumentation, data collection of the 

protein sample, and software for data analysis.  It is a suitable technique and has the 

potential to study complex proteins such as Aβ42. 

5.2.1. Differential uptake of deuterium by conformationally distinct A42 

species 

Mass spectrometry-based hydrogen-deuterium exchange (HDX) was performed by 

our collaborators from Washington University to analyze the differences in the hydrogen 

bonding pattern of Aβ42 monomer, protofibril, and fibril. Previously, Gross lab has utilized 

various conditions to reduce and denature proteins before their incubation with the 

antibody to yield the epitope.  

By online type XIII-pepsin digestion, 19 overlapping peptides of Aβ42 (100% 

coverage) were obtained (Figure 5.3). Aβ42 monomer is a relatively small protein and is 

easy to denature and digest quickly under normal conditions. However, proteolysis of 

recalcitrant and tightly bound aggregates of Aβ42 required more concentration of 
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denaturant or a longer quenching time. Since these are non-specific proteases, they produce 

overlapping peptides, but the enzyme pepsin has a strong cleavage propensity at C-

terminus to Phe4, Phe19, and Leu34. Hence, peptides cleaved after these residues had much 

higher intensities and were easy to analyze after HDX analysis. Therefore, improved 

peptide separation and identification by MS-MS was ensured to cover the entire Aβ42 

sequence. Thus, Dr. Saketh Chemuru has been able to successfully identify and optimize 

conditions suitable for Aβ42 protofibril denaturation. 

 

Figure 5.4. Amino acid sequence and pepsin digestion of Aβ42 protofibrils. SEC-
purified Aβ42 protofibrils (250 pmol) were treated with 4 M urea + 1% TFA quench 
followed by incomplete digestion on an immobilized pepsin column. Peptides were 
trapped, desalted by a C8 column, and eluted from a C18 column with water-acetonitrile. 
MS-MS was conducted using an LTQ-Orbitrap XL mass spectrometer to identify the above 
peptides (blue arrows). A total of 19 peptides were identified using MS-MS analysis. 

Continuous HDX labeling of Aβ42 protofibrils (43 µM), monomers (19 µM), and 

fibrils (46 µM) were performed by taking 200 pmol of the protein and exchanging it in 

D2O (75%) at pH 7.4 and 4 °C in 1x PBS buffer for 0, 10, 30, 90, 300, 900, 3600, and 

14400 secs in duplicates as previously described (Yan, Grant, et al. 2015). The final volume 

of the samples in D2O was kept at 100 µL. 

Significant structural changes were observed based on deuterium uptake 

percentages of the three Aβ42 species throughout the entire sequence of Aβ42 (Figure 5.4). 

However, the region with residues 1-16 displayed similar deuterium uptake profiles for 

Aβ42 monomer, protofibril, and fibril samples. It is indicative that the protein structure is 

structured and highly ordered for protofibril and fibril except at the N-terminal region. The 
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protofibrils and fibrils differ in terms of their HDX protection indicating that protofibrils 

adopt an intermediate β-sheet network throughout the entire length of Aβ42. The largest 

differences in HD exchange between the protofibril and fibril samples were observed in 

the middle domain (20-34) indicating more involvement of C-terminal residues (38-42) 

towards the β-sheet structure in the protofibril sample. As expected, the deuterium uptake 

profile of the protofibrils and fibrils progressively shows a significant reduction at all 

labeling time points in the incorporation of deuterium as we move towards the middle and 

C-terminal region of the protein. This highlights rigidity and low solvent exposure and 

provides key aspects about local-conformational dynamics which is probably due to an 

extended β-sheet network with a tightly bound core containing stronger H-bond 

interactions. The deuterium incorporation remains lowest for fully formed Aβ42 fibrils 

among all three species throughout the course of the experiment. The result is in 

concordance with other previous HDX-MS studies on Aβ42 fibrils and protofibrils, 

indicating the robust highly ordered structure of both species. There appeared minimal role 

of the N-terminus (1-14) as part of the fibril/protofibril structure. It is hard to measure the 

exact β-sheet network of the aggregates without knowing the back exchange present in the 

system. In contrast, the percent deuterium incorporation of individual peptides for Aβ42 

monomer curves showed a steep graph that confirms high conformational flexibility and 

maximum solvent exposure due to the more disordered and random structure of the 

monomer. Aβ42 monomers are expected to be more susceptible and accessible to 

deuterium exchange than Aβ42 protofibril and fibril. Thus, these experiments revealed 

distinct changes in the local conformational dynamics of all three Aβ42 species. The data 

matches the expected trends. It confirms the presence of a well-organized hydrophobic and 
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non-polar inner core in Aβ42 and a more disordered structure of the N-terminal region 

which does not form part of the β-sheet secondary structure. 

 

 

Figure 5.5. HDX-MS plots for peptides obtained from Aβ42 species. Aβ42 
protofibrils, monomers, and fibrils were diluted into a 75% deuterated water solution 
(D2O) for 4 h. At selective time points, samples were removed and subjected to pepsin-
catalyzed proteolysis. 2D incorporation was determined by MS for the Aβ peptide 
fragments. Time courses of deuteration for monomers (red), protofibrils (blue), and fibrils 
(black) incubated under the same conditions. 8 of 10 peptide fragments are shown. Each 
data point is the average of n=2 measurements and standard error bars are shown. (Work 
in collaboration with Saketh Chemuru and figure credits to Dr. Nichols) 

5.2.2. Conformational epitope of selective monoclonal antibody on Aβ 

protofibrils involves N-and C-terminal region 

Epitope mapping is crucial for understanding the mechanism of action of 

monoclonal antibodies on Aβ42 protofibril. Closely studying the deuterium incorporation 

profiles of Aβ42 protofibrils in the presence and absence of mAbSL 113, provided us 

with a clear glimpse of the regions involved during the binding interaction.  

To measure the antibody binding site, 70 µL of Aβ42 protofibrils sample was incubated 

with 250 µL of mABSL113 antibody (Aβ42: antibody = 2:1). The samples were 
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incubated with the antibody (mAb113) for 1 h at 4 °C before HDX. A 6-time point HDX 

experiment was conducted in duplicates by exchanging the samples with D2O (75%) at 

pH 7.4 and 4 °C in 1x PBS buffer for 0, 30, 90, 300, 900, and 3600 secs.  

HDX-MS data in the presence and absence of mAbSL 113 revealed local effects 

caused by binding. The antibody showed a clear reduction in deuterium incorporation for 

N-terminal residues and C-terminal residues emphasizing active binding at the N-

terminal 1-10 region and minor interactions in the peptide 39-42 (Figure 5.5). The 

deuterium uptake curves might look close to each other for N-terminal and C-terminal 

domains, but the time points measurement was statistically significant using a 2-tailed 

paired T-test with p-value < 0.5. It is highly likely that the antibody has two binding 

domains at the two extreme ends of the protofibril structure and the protofibril might be a 

β-loop structure with the two ends next to each other. In contrast, the middle region was 

determined to have overlapping data points in the bound and unbound states indicating 

essentially identical deuterium uptake for all labeling time points in bound and unbound 

state. The local structure of the corresponding region was not highly impacted by 

complex formation. This firmly confirmed that the mAbSL conformational epitope on 

Aβ42 protofibril resides in a structural motif involving both N- and C- terminal regions. 

It suggests the presence of the head-to-tail arrangement of the N-terminal being adjacent 

to the C-terminal in precursor Aβ42 protofibril as determined by a similar arrangement in 

Aβ42 fibril formed in vitro (Colvin, Silvers, et al. 2016). Thus, HDX-MS revealed 

conformational dynamics of Aβ42 protofibrils in the presence and absence of mAbSL 

113. 
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Figure 5.6. HDX-MS epitope mapping. The protofibril sample and antibody mAb113 
were mixed at a 2:1 w/w ratio and incubated at 4 °C for 1 h immediately prior to HDX. 
The deuterium incorporation graphs for a variety of peptides (with the charged state) as a 
function of exposure time in both the presence (blue) and absence (black) of antibody are 
indicated here. Statistical analysis was done using a 2-tailed paired T-test with p values < 
0.5 considered significant. (Work in collaboration with Saketh Chemuru and figure 
credits to Dr. Nichols) 
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5.3. Fast photochemical oxidation of proteins-mass spectrometry 

Gross lab has pioneered the development of the FPOP technique, which utilizes 

photolysis of hydrogen peroxide to generate OH free radical. The free radical can oxidize 

at least 14 of 20 amino acid side chains to produce detectable products. The 

modifications on the side chains are quite stable and irreversible. The method efficiently 

provided residue-level information to probe the binding interface between an antigen and 

an antibody. 

5.3.1. FPOP also shows an intermediate structure of Aβ42 protofibrils 

FPOP footprinting was performed to outline the conformational differences 

between the three conformationally distinct SEC-purified Aβ42 samples (monomers, 

protofibrils, and fibrils).  

FPOP methodology used a single scavenger concentration (L-glutamine= 5mM). 

The oxidation percentage of FPOP amenable residues in Aβ42 after MS2 fragmentation of 

LysN-digested peptides is represented in Figure 5.6. Barring the two N-terminal residues 

Phe 4 and His 6, there was a significant difference in the oxidation levels for the residues 

between the three distinct Aβ42 samples. The result strongly supports the HDX findings 

that the fibril structure exhibited significant protection from oxidation in the middle and 

C-terminal regions. As expected, the amino acid residues in Aβ42 protofibrils maintained 

the intermediate modification percentage between monomer and fibrils, strongly 

supporting the HDX-MS data. The C-terminal residues Met 35, and Ile 41 showed 

considerable differences in oxidation between protofibrils and fibrils revealing the highly 

ordered structure of fibrils as compared to soluble protofibrils. Interestingly, HDX-MS 

and FPOP data strengthen the observation that the C-terminal domain of the Aβ42 
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monomer has a better deuterium uptake profile and oxidation percentage respectively 

than the N-terminal region, claiming the signification conformational breathing in Aβ42 

monomer random coil structure, which considerably reduced as the monomers progress 

towards aggregation pathway. The exposed hydrophobic residues get buried in the core 

as the monomer gets aggregated into β-sheet rich structures. Met 35 was identified as the 

most oxidized residue in all three Aβ42 species. 
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Figure 5.7. FPOP-MS of Aβ42 species. The extent of FPOP modification of 9 residues 
in Aβ42 peptide sequences was determined for Aβ42 monomers, protofibrils, and fibrils. 
The oxidation data is plotted as a % of a reporter peptide with increasing L-Gln 
(scavenger) concentration. Each data bar is the average ± std error of n=3 measurements 
(Work in collaboration with Saketh Chemuru and figure credits to Dr. Nichols) 

 5.3.2. FPOP shows an involvement of N-and C-terminus in the epitope 

mapping of Aβ protofibrils 

FPOP kinetic plots were obtained of LysN-digested peptides of Aβ42 protofibrils 

in unbound and bound states with mAbSL 113. The lifetime of •OH is tunable and is 
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predominantly controlled by the radical scavenger concentration (Niu, Mackness, et al. 

2017). In the bound state, there is a presence of a big protein (antibody) which inherently 

acts as a scavenger of •OH. Hence, to accurately normalize the unbound and bound 

states’ FPOP modification data, the antibody accounts were taken in for some loss in the 

oxidation of Aβ42 residues. Hence, normalization of the values was required by using a 

reporter peptide system.  

The fraction of leu-enkephalin modified at each glutamine concentration was 

plotted vs the corresponding fraction modified for each LysN-digested peptide of Aβ42 

on the y-axis.  

The non-overlapping nature of the curves in peptides 1-15 and 28-42 indicate that 

there is solvent exposure change in these regions based on antibody binding (Figure 5.7). 

FPOP was significantly reduced for residues F4, H6 (N-terminal), and M35, and V40/I41 

(C-terminal) in the antibody-bound Aβ42 protofibrils compared to protofibrils alone. 

Antibody binding was not observed in the Aβ42 peptide middle region (Y10, H13/14, 

L17, F19/20, and D23/V24). 
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Figure 5.8. FPOP epitope mapping. FPOP modification of Aβ42 protofibrils in the 
absence or presence of mAbSL 113 antibodies. The 9 residues span the Aβ42 peptide 
sequence. The oxidation data is plotted as a fraction modified of Aβ peptide versus a 
reporter peptide because of increasing L-Gln (scavenger) concentration. Each data point 
is the average ± standard error for n=3 measurements. The data revealed a conformational 
epitope that incorporates N- and C-terminal residues. (Work in collaboration with Saketh 
Chemuru and figure credits to Dr. Nichols) 
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Figure 5.9. HDX epitope mapping for a non-selective antibody. Preliminary HDX-MS 
epitope mapping for mAb Aβ 513 antibody and Aβ42 monomers. Deuteration was 
determined for Aβ42 peptide fragments representing the N-terminal, middle, and C-
terminal regions of Aβ42, 8 of which are shown. Antibody binding (decreased HDX) was 
observed in both the N- and C-terminal regions. Each data point is the average of n=2 
measurements and standard error bars are shown but obscured within the diameter of the 
symbols. Statistical analysis was done using a 2-tailed paired T-test with p values < 0.5 
considered significant. 

5.4. Conclusion 

Currently, conformation-selective antibodies are the primary tool for identifying 

Aβ species in a variety of AD tissue samples. However, little is known typically about the 

antigen structure, the conformation motif that is recognized by the antibody, and the 

location of the binding site (epitope). An informative and more productive strategy is to 

understand what, where, and how the antibody is binding to the target. This information 

will not only allow better interpretation of important tissue and fluid analysis but also 

yield structural insights about the antigen. This chapter significantly contributed to 

determining that Aβ42 protofibrils possess a conformational epitope for mAbSL and that 

this epitope has a specific structure distinct from monomers and fibrils. Furthermore, it 

was confirmed that the epitope lies in the N- and C-terminal regions of Aβ42. 
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Epitope-mapping approach accurately determined the main antigenic sites 

revealing distinct changes in local conformational dynamics when the antibody is bound 

to the antigen.   

The meticulous characterization of conformational-specific antibodies and 

investigation of the specificity of these antibodies is quintessential (Saper et al. 2009). 

There has not been much progress in studying the interaction and binding of the 

antibodies targeting the protofibril structure (Söllvander et al. 2018). The knowledge of 

where the antibody binds to the protofibril structure is critical for understanding the 

mechanism of how Aβ changes from monomer to soluble protofibril form and then 

finally to insoluble fibril. Ultimately, efforts to decrease protofibrils using antibodies may 

slow or reverse the progression of AD and potentially assist in preventing neuronal 

damage. 

The research plan explored the epitope of mAbSL and the binding affinity of the 

interaction. It provided us with insights into the residues involved in the interaction with 

the antibody. This methodology helped nail down the changes in protein flexibility and 

conformation when bound to the selective monoclonal antibody compared to a non-

selective antibody to determine the binding sites on Aβ42 protofibril. Conclusively, the 

experimentation designed for this aim determined the conformational epitope of the 

mAbSL on the Aβ42 protofibrils. 

Structural knowledge of Aβ42 filaments may lead to the strategic development of better 

animal and in vitro models for studying the disease, inhibitors for Aβ42 fibril assembly, 

and imaging agents with enhanced sensitivity and specificity. 
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CHAPTER 6. CONVERSION OF A SELECTIVE ANTIBODY TO A NON-

SELECTIVE ANTIBODY 

A class of monoclonal Aβ42 protofibril-selective antibodies have been expressed 

and identified. Two non-selective antibodies that were not selective for recognizing one 

conformational form of Aβ over other were found to be mAb Aβ 513 and 550. Carefully 

analyzing the difference in the sequences of conformational-selective and non-selective 

antibodies led to the identification of specific residues in the heavy-chain and light-chain 

variable regions. The study aimed to predict the HC and LC residues that confer 

conformational selectivity to Aβ antibodies. 

Sequence analysis in HC and LC variable region: Heavy chain variable regions 

have 138 or 139 amino acid residues whereas the light chain variable region sequences 

are 124 in length. There were 17 differences found between Aβ-protofibril selective 

antibody (mAbSL 113) and non-selective antibody (mAb Aβ 513 or 550) in the heavy-

chain amino acid sequence. However, 14 of those substitutions determined in mAb Aβ 

513 were present in other protofibril selective antibodies. Most probably these 14 

residues did not participate in providing selectivity to Aβ-protofibrils. The 3 remaining 

amino acid substitutions within mAbSL 113 HC most likely were involved in 

contributing significantly to conferring selectivity (Table 6.1). Similarly, examining LC 

variable region amino acid sequences highlighted 10 amino acid residues (out of 124 

residues in LC) that differentiated mAbSL 113 to mAb Aβ 513 or mAb Aβ 550. 3 

residues were chosen on similar grounds (Table 6.1) 
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Figure 6.1. Key amino acid differences between conformational-selective Aβ 
antibody and Aβ non-selective antibody. The differences are represented as selective 
antibody mAbSL 113 non-selective monoclonal antibody mAb Aβ 513 or mAbSL 550. 

 

We aimed to introduce single- and double-point mutations into Aβ-protofibril 

selective antibody mAbSL 113 HC and LC and evaluate the effect of these introduced 

changes on Aβ selectivity (Figure 6.2). Site-directed mutagenesis required various steps. 

The single point mutation we focused on was substitution of mAbSL HC amino acid 

residue glycine to arginine. The mutation chosen in the nucleic acid sequence was from 

GGC to CGC (Figure 6.3). Two attempts were made to design our primers. 

 
 

Figure 6.2. Proposed single or double amino acid substitutions in mAbSL 113 
through site-directed mutagenesis studies. A. Heavy-chain mutations B. Light chain-
mutations proposed. 

 

A. B. 
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Figure 6.3. Introduction of a single nucleotide mutation in mAbSL 113 HC 

Our expedition with using Thermo ScientificTM Phusion TM site-directed 

mutagenesis kit involved mAbSL HC plasmid subjected to denaturation, annealing with 

5’-phosphorylayed primers, extension, ligation by T4 DNA ligase and transformation into 

DH5α E. coli cells. Mini-prep purification followed by analysis of sequence obtained 

from the mutated plasmid (Figure 6.4). 

 

Figure 6.4. Steps involved in site-directed mutagenesis. 
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All the steps were performed as mentioned in the method section using primer 1 

(Figure 6.5) but the mutant plasmid was not of the right sequence. The primer bands were 

observed in the gel analysis of the PCR product indicating that the intact primers might 

have dimerized because of being self-complementary to each other and PCR product was 

not formed (Figure 6.6A and 6.6C). The mutant colonies were also analysed and there 

was no signal observed in mutant colonies (Figure 6.6B and 6.6D). Tweaking the 

temperature and other conditions also did not help. 

  

Figure 6.5. Design of Primer 1 shown. 

 

 
 
 

 

            
 

 

         
Figure 6.6. DNA gel analysis using Primer 1 design. A. Lane-wise information of the 
PCR product introduced during gel electrophoresis. B. Only primer bands observed in 
lane 2 and 3. C. Lane-wise information of the plasmids analyzed with different colonies 
after performing all the steps of site-directed mutagenesis. D. The bright band represents 
plasmid band from mAbSL HC (positive control). No successful mutation observed. 

A. 
B. 

D. C. 
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The troubleshooting was performed to take a look at each step of site-directed 

mutagenesis technique. Firstly, primer design was modified to make the primers not 

complementary to each other (Figure 6.7A) and the reagents used in the PCR reaction 

were optimized several times to ensure the formation of the plasmid (Figure 6.7B). The 

annealing temperature of 65C provided the best results. Two bands appeared without 

including DMSO and a single product appeared after including 1.5% DMSO. This 

indicates that DMSO prevented non-specific binding (Figure 6.7C). 

                                
 
 

  

 
 

   

          

 

 
Figure 6.7. Successful PCR product formation with the use of primer 2. A. 
Schematic representation of both the primer design. B. Two different annealing 
temperatures used for PCR reaction of the primer with the product with and without 

B. C. 

A. 
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including DMSO. PCR product formed with annealing temperature 65. C. The 
optimized reagents used for performing PCR.  

Transformation step was probed using Phusion control reaction where LB-

ampicillin agar plate had X-gal and IPTG which produces blue and white colonies. The 

efficient transformation was ensured with more blue colonies being formed. 

Transformation with both Topshot and DH5α E. coli cells was carried out. Better results 

with topshot cells were observed (Figure 6.8). Water was also used as a control and there 

was no bacterial growth observed for the transformation plate with water added to the 

cells. However, later bacterial growth with DH5α E. coli cells took place.  

 

Topshot DH5α cells 
 

  

  

A. B. 

C. D. 
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Conclusion: It is an ongoing work to convert a selective monoclonal antibody by 

introducing mutations in the HC variable region of the plasmid. However, no conclusive 

result has been obtained. The future studies after successful site-directed mutagenesis to 

engineer the point mutations will involve cloning, expression and ELISA evaluation of 

the engineered antibody. The knowledge of the key residues in HC and LC of the 

conformational-selective antibodies that are instrumental in conformational selectivity of 

Aβ protofibrils will help us in extrapolation of structural details about Aβ protofibril. The 

epitope determination study will strengthen the extracted information through these 

studies.  

 

 

E. F. 

Figure 6.8. Transformation step was evaluated using Topshot cells (A,C,E) and DH5α 
cells (B,D,F). A. Control reaction using LB-ampicillin agar-plate that has X-gal and IPTG 
produced white and blue colonies. Transformation efficiency ensured. B. Bacterial colony 
growth in both the cells using mAbSL HC plasmid as a positive control. Massive colony 
growth ensured in both the type of cells. C. Transformation performed with PCR product 
ensured colony growth with Topshot cells. 
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CONCLUSION 

The fulcrum of driving AD pathology onset has been conspicuously attributed 

towards the central role played by Aβ aggregation and the soluble oligomers have a 

pivotal role in exacerbating the disease progression (Bemporad and Chiti 2012). The 

hallmarks of AD, Aβ plaques, can be clearly visible in brain samples, whereas soluble 

oligomeric assemblies, polydisperse in size, are obscured. The mechanism of these 

aberrant oligomeric assemblies has been widely studied. However, the structure of these 

diffused toxic counterparts of Aβ still remain elusive (Tomic et al. 2009).  

Monoclonal antibodies have emerged as a versatile tool for research, diagnostic 

and disease mitigation. These have been instrumental in detection of pathological 

hallmarks in AD. The research work has helped determine structural aspects of Aβ 

protofibril that influence conformation-selective antibodies and strengthened molecular 

level insights on the soluble Aβ protofibrils. Determination of conformational motifs and 

antibody residues involved for the soluble Aβ protofibril species has great success 

towards diagnostics and therapeutics aspects of AD and other neurodegenerative 

diseases. Conformational epitope for monoclonal antibody on Aβ protofibril structure has 

been established in our study. Structural studies correlate the core structure of Aβ 

protofibril to plaque bound Aβ fibrillar structure. Effect of mAbSL on amyloid nucleation 

and fibrillation is a novel area to be investigated due to the potential diagnostic and 

therapeutic uses in AD patients. Knowledge of Aβ42 protofibril structure may lead to 

potential development of treatment targeting the species.   



 

135 

 

The proposed project mapped the conformational epitope of mAbSL 113 on the 

protofibril by employing various techniques such as antibody competition ELISA and 

hydrogen-deuterium exchange mass spectrometry.  

Aβ42 protofibrils are important therapeutic targets identified and are well-known 

in the progression of AD. The antibodies used in the project established and identified the 

key regions to be targeted on the Aβ42 aggregation pathway. It helped gain in-depth 

knowledge about the structural changes of these inflammatory species involved in the 

pathogenesis of AD.  
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