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ABSTRACT 
 

Scaffolding proteins serve key functions in signalling cascades through mediating 

protein-protein interactions. A prominent member of the neuronal post-synaptic density is 

AIDA1, which is known to bind amyloid precursor protein (APP), a contributor to Alzheimer’s 

Disease (AD) development. Among the isoforms of AIDA1, AIDA1b is the largest and is unique 

in that its phosphotyrosine binding (PTB) domain is autoinhibited; thus, it cannot bind APP until 

this inhibition is relieved. This thesis presents structural and functional studies on AIDA1b. 

Fluorescence anisotropy and biolayer interferometry assays confirmed that the deletion of Exon 

14 relieves the autoinhibition of the PTB domain, allowing AIDA1b to bind APP. However, 

Exon 14’s removal does not significantly impact the thermostability of AIDA1b. Moreover, 

Exon 14 contributes an alpha helical structural, with 3D bead models exhibiting potential domain 

reorganization upon Exon 14’s removal. The predicted structure of Exon 14 is an amphipathic 

alpha helix that presumably contacts the PTB domain in cooperation with other intervening 

sequences. Overall, AIDA1b can play a potential role in AD pathogenesis, with potential for 

contribution to novel therapeutic development.  
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CHAPTER 1: INTRODUCTION 
 

1.1 The Post-Synaptic Density 

1.1.1 An Introduction to the PSD 

Neurons send and receive signals through electrical or chemical events across a 

specialized junction called a synapse (Boeckers, 2006). Synapses are formed using dendrites on 

the pre-synaptic axon terminal spines with post-synaptic dendritic spines (Kennedy, 2000). 

These protrusions in neurons allow for the release of chemical messengers, such as 

neurotransmitters, that are uptaken by the post-synaptic neuron and later processed (Sheng & 

Kim, 2011). A majority of the processing and downstream transduction is completed at a 

thickened intracellular portion of the post-synaptic dendritic membrane called the post-synaptic 

density (PSD) (Kennedy, 2000).  

 

1.1.2 PSD Structure 

The PSD can be separated into two main regions: PSD core and PSD pallium (Dosemeci 

et al., 2016). The PSD core briefly extends from the post-synaptic membrane to include 

transmembrane proteins and their associated partners for signal processing (Dosemeci et al., 

2016). On the other hand, the dynamic PSD pallium has a functional role in downstream 

signalling with changeable protein composition depending on the acquired signal (Dosemeci et 

al., 2016). Morphological changes in this region include an increase in electron density upon 

activation of scaffolding proteins and excitatory receptors, visualized using electron microscopy 

(Dosemeci et al., 2001). 
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1.1.3 Protein Composition of the PSD 

 Expanding on the PSD core and pallium, these regions contain a variety of essential 

proteins for neuronal signalling and processing, with various cellular implications. Cytoskeletal 

actin appears to be a major component of PSD fractions, followed by kinases/phosphatases, and 

GTPases (Peng et al., 2004). This data would suggest that the PSD is largely involved in signal 

receival, processing, and downstream transduction, most notably applicable to receptors that 

exist in an on/off configuration. Other quantified protein classifications include cell adhesion 

proteins, receptors/channels, scaffolders, translators, trafficking proteins, chaperones, and 

mitochondrial proteins (Peng et al., 2004). 

 
Figure 1.1. Protein Composition of the PSD. Classification of proteins found in the PSD of 
forebrains. Data from (Peng et al., 2004). (B) Visual representation of proteins found in the PSD 
of glutaminergic synapses. Key proteins include NMDAR, AMPAR, TARP, synGAP, Shank, 
CaMKII, 5-HT2A, PSD95, Ephrin, and mGLUR (Feng & Zhang, 2009). Figure created using 
BioRender.  
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1.2 Alzheimer’s Disease  

1.2.1 An Introduction to Alzheimer’s Disease 

Alzheimer’s disease (AD) is a neurodegenerative condition that accounts for 

approximately 80% of global dementia cases (McGirr et al., 2020). The characteristic clinical 

presentation includes gradual motor cognitive decline, such as poor decision making and 

emotional instability, with impairment of working and long-term (i.e. episodic) memory 

(Blennow et al., 2006; McGirr et al., 2020). With a prognosis of approximately 8 years, the 

disease gradually progresses from short-term memory dysfunction to psychosis, eating disorders 

and apathy to name a few symptoms (Golde, 2022).  

The pathophysiological characterization of AD includes plaques and neurofibrillary 

tangles due to the accumulation of amyloid-beta peptide’s (Aβ) (Breijyeh & Karaman, 2020). 

This commonly occurs in the medial temporal lobe and neocortical structures which are 

responsible for cognition, learning, and memory (Querfurth & LaFerla, 2010). The physiological 

structure of an Alzheimer’s diseased brain often shows enlarged ventricles with shrinkage of the 

hippocampus and cerebral cortex, regions that are responsible for higher cognitive function 

(Breijyeh & Karaman, 2020). 

Since the exact cause of AD development is unknown, there are several hypotheses 

presented by literature based on modern research. This includes the amyloid hypothesis, 

cholinergic hypothesis, Tau propagation hypothesis, mitochondrial cascade hypothesis, and the 

neurovascular hypothesis (Liu et al., 2019). The cholinergic hypothesis focuses on the reduced 

acetylcholine uptake by aged neurons, whereas the mitochondrial cascade hypothesis discusses 

mitochondrial dysfunction (Liu et al., 2019). On the other hand, the neurovascular hypothesis 

presents blood brain barrier breakdown as the potential cause for toxic molecule buildup in AD 
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(Liu et al., 2019). Important to this thesis, is the amyloid precursor hypothesis of AD, which will 

be discussed below.  

 

1.2.2 The Amyloid Precursor Protein 

 Amyloid precursor protein (APP) is a single-pass transmembrane protein present in 

mammals. Although the exact function of APP is unknown, research has shown it plays a role in 

cell growth, survival, motility and transcription regulation based on the extracellular or 

intracellular peptide post-cleavage (Oh et al., 2009).  

In a healthy brain, APP is cleaved by a-secretase into a extracellular C-terminal fragment 

called sAPPa and a membrane-bound N-terminal fragment called C83 (Nunan & Small, 2000). 

The C83 refers to the fact that the peptide is composed of 83 residues (Nunan & Small, 2000). 

The membrane-bound peptide is then futher cleaved to an extracellular peptide called p3, and an 

intracellular portion called APP intracellular domain (AICD) by g-secretase (Nunan & Small, 

2000). 
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Figure 1.2 Non-amyloidogenic pathway processing of amyloid precursor protein. Amyloid 
precursor protein is cleaved to C83 and sAPPa by a-secretase, after which C83 is further 
cleaved by g-secretase to p3, which moves to the extracellular space, and AICD, which 
translocates to the nucleus. Figure adapted from (Biorender, 2022) and created using BioRender. 
 
 

Specifically, recent studies found that injections of ectodermal APP improved synaptic 

plasticity, rescued neuronal migration, and improved cognitive function (Young-Pearse et al., 

2007). However, the loss of extracellular APP (sAPPa), studied through deletions in mice, was 

not deterimental to their survivability (Herms et al., 2004). On the other hand, the AICD peptide 

translocates to the nucleus, where it functions as a transcriptional regulator and protein binder. 

Firstly, as a transcriptional regualtor, AICD is known to regulate genes like LRP1, KAI1, GSK-

3β, neprilysin and EGFR which are predicted to be involved in tumorigenesis, glycogen 

metabolism and protein synthesis (Shu et al., 2015). As a protein binder, the YENPTY motif in 

AICD can bind a variety of proteins, by which it can regulate its own metabolism (O’Brien & 

Wong, 2011). 
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1.2.3 Amyloid Precursor Protein Structure 

 The APP gene has 19 exons that are transcribed into a protein of up to 770 amino acids, 

which is yet to be structurally solved (Gralle & Ferreira, 2007). As mentioned above, the AICD 

domain is vital for protein-protein interactions, and has been crystallized in complex with a 

number of protein partners, such as Fe65 (Radzimanowski et al., 2008). The N-terminal end 

begins with an E1 domain, that could possibly be involved in metal, ligand, or protein binding 

(Dawkins & Small, 2014). After a disordered region, the KPI domain has shown to have protease 

inhibitor activity (Dawkins & Small, 2014). Next, the E2 domain is also predicted to partake in 

protein-protein binding and heparin binding (Dawkins & Small, 2014). The transmembrane 

domain (TMD), is associated with dimerization and lipid binding (Barrett et al., 2012). Lastly, 

the intracellular domain plays a role in intracellular signalling and transcriptional regulation 

(Kerr & Small, 2005).  
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Figure 1.3 Predicted structure and functional characterization of amyloid precursor 
protein. (A) AlphaFold prediction of APP structure. Confidence: dark blue = very high (pLDDT 
> 90), light blue = confident (90> pLDDT > 70), yellow = low (70> pLDDT > 50), orange = 
very low(pLDDT < 50) (Jumper et al., 2021; Varadi et al., 2022). (B) Predicted functional 
characterization of APP domains: E1 domain (PDB: 3KTM), Kunitz protease inhibitor (KPI) 
domain (PDB: 1ZJD), E2 domain (PDB: 3UMK), transmembrane domain (TMD) (PDB: 2LLM) 
and intracellular domain (PDB: 3DXC). A cholesterol molecule, in black, is shown in the TMD. 
Figure adapted from (Dawkins & Small, 2014) and created in GraphPad PRISM.  
 
 
1.2.4 Amyloid Hypothesis of Alzheimer’s Disease 

 The foundation of the amyloid hypothesis of AD is that the deposition of amyloid plaques 

from Aβ peptide cleavage negatively impacts higher cognitive function due to their neurotoxicity 

(Liu et al., 2019). In an Alzheimer’s diseased brain, there is abnornal cleavage of APP, which 

leads to the deposition of amyloid plaques. This is because, a β-secretase called β-site APP 
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Cleaving Enzyme (BACE1), competes with a-secretase for APP as a substrate (MacLeod et al., 

2015). As a result, the overactivity of BACE1 leads to the abnormal cleavage of APP into sAPPβ 

and C99 (MacLeod et al., 2015). Although transmembrane C99 can be further cleaved to AICD 

by g-secretase, the remaining portion is classified as Aβ40/42 based on the number of residues 

(MacLeod et al., 2015) by. The overproduction of Aβ40/42 leads to their crosslinking, which 

eventual forms fibril tangles that are neurotoxic (Bitan et al., 2003). The abnormal hyperactivity 

of BACE1 is predicted to be due to APP mutations, whereas hyperactivity of the g-secretase 

complex is due to mutations in a vital genes PSEN1 and PSEN2, required for protease activity 

(De Strooper et al., 2012).  

The amyloid plaques can block signalling at neuronal synapses, cause an inflammatory 

immune response, neuronal breakdown which leads to brain region shrinkage (Nunan & Small, 

2000).  

 
Figure 1.4. Cleavage of APP in normal and diseased patients. The left panel displays normal 
cleave of APP with a-secretase. The intracellular portion is C83 and the extracellular portion is 
aAPPa. The right panel displays abnormal cleave of APP due to PSEN1/PSEN2 and APP 
mutations that increase b- and g-secretase activity to deposit amyloid plaques formed of Ab 
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peptides. The intracellular black peptide is AICD, the transmembrane orange peptide is A 
β40/42, and the extracellular region is sAPPβ. Figured adapted from (BioRender, 2022) and 
created using BioRender.  
 
 
1.3 AIDA1 

1.3.1 The ANKS1B gene  

The Ankyrin Repeat and Sterile Alpha Motif Domain-containing 1B (ANKS1B) gene is 

typically found expressed in the CNS (Sayers et al., 2022). Located on chromosome 12, its 

specific cytogenic band is 12q23.1 with 29 exons (Stelzer et al., 2016). It is approximately 1.2 

megabases (Mb) and oriented in the “minus” or “antisense” orientation (Stelzer et al., 2016). 

This gene encodes for a multidomain protein, AIDA1 (or ANKS1B protein), that is predicted to 

play a role in the implication of several human diseases. The ANKS1B gene is conserved across 

homosapiens, zebrafish, rat, Rhesus monkey, chicken dog, and mouse (Sayers et al., 2022). 

Specifically, there are 464 orthologs found for the ANKS1B gene in human (Sayers et al., 2022).  

 

1.3.2 The neuronal scaffolder – AIDA1 

 Amyloid-β Protein Precursor (AβPP) Intracellular Domain-associated Protein-1 (AIDA1) 

is a member of the PSD in excitatory neurons. Encoded by the ANKS1B gene, as mentioned 

above, it is composed of 1248 residues in human. It was originally discovered as a novel 

interactor of APP using a yeast two-hybrid assay (Ghersi et al., 2004).  
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Figure 1.5. PSD of glutaminergic neurons with AIDA1b and binding partners. The 
molecular organization of PSDs only with proven binding partners of AIDA1b. AIDA1b has 
shown not to bind APP, however, interactions with mGLUR, NMDAR, 5-HT2A or PSD95 has 
shown to have downstream signalling effects. Figure created using BioRender.  
 
 
1.4 AIDA1 Structure 

1.4.1 Overview of AIDA1 Structure 

 There are five different isoforms, due to alternative splicing, for AIDA1: AIDA1a, 

AIDA1b, AIDA1c, AIDA1d, and AIDA1e. The smallest isoform is AIDA1c, composed of 426 

residues and a molecular weight of 48kDa. The next largest isoforms are AIDA1a/d/e with 

identical structural characteristics. They are composed of 460 residues, with a molecular weight 

of 52kDa. All four isoforms have 2 SAM domains (SAM1, SAM2) at the N-terminus and a PTB 

domain close to the C-terminus (Kurabi et al., 2009). The largest isoform would be AIDA1b, at 

1248 residues with a molecular weight of 138kDa. While this protein also has the 2 SAM 
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domains and PTB domain, it also has an ARR at the N-terminus, compose of six ARs. Due to its 

relevance to this thesis, AIDA1b will be further discussed.  

 The AlphaFold prediction of AIDA1b shows a globular protein, with several disordered 

linker regions between the structurally solved domains. The ARR is predicted to play a role in 

protein-protein interactions, however, there is little research done on this region. On the contrary, 

the structure of the 2 SAM domains and PTB domain has been solved by the Donaldson lab 

using NMR methods (Kurabi et al., 2009; Smirnova et al., 2013). 

 

Figure 1.6. Predicted and solution structures of AIDA1b and internal domains. (A) 
AlphaFold prediction of AIDA1b structure. Confidence: dark blue = very high (pLDDT > 90), 
light blue = confident (90> pLDDT > 70), yellow = low (70> pLDDT > 50), orange = very 
low(pLDDT < 50) (Jumper et al., 2021; Varadi et al., 2022). (B) NMR solution structure of PTB 
domain in AIDA1b, displayed using pyMOL with colour scheme rainbow (C-terminal to N-
terminal) (PDB: 2M38) (Smirnova et al., 2013). (C) NMR solution structure of SAM1SAM2 
domain tandem, displayed using pyMOL with colour scheme rainbow (C-terminal to N-terminal) 
(PDB: 2KIV) (Kurabi et al., 2009). 
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1.4.2 The ARR Domain 

Ankyrin repeat regions (ARR) are a specific classification of amino acid motifs 

composed of the 30-34 residue ankyrin repeats (ARs) (Breeden & Nasmyth, 1987).  In most 

proteins, ARs are repeated four to six times, varying across all three kingdoms – bacteria, 

archaea and eukarya (Mosavi et al., 2004). Each repeat starts with a b-turn, two anti-parallel 

alpha-helices, and a loop that connects to the next AR (Gorina & Pavletich, 1996). The stacked 

loops then form a right-handed coil structure, with a hydrophobic core and hydrophilic surface 

that aids in protein-protein interactions (Kobe & Kajava, 2000). As the number of ARs increases, 

the overall structure becomes more compact and concave (Michaely, 2002; Mosavi et al., 2004). 

This happens due to the consecutive 2-3° clockwise turn following each AR (Michaely, 2002; 

Mosavi et al., 2004). A b-turn is held together by 5 hydrogen bonds, followed by a TPLH motif 

that initiates the first alpha-helix (Sedgwick & Smerdon, 1999). Overall, the structure resembles 

a hairpin: a helix-turn-helix conformation, where the turn is 90° (Li et al., 2006). The helices are 

then terminated by G13 and G25 which allows for loop formation (Sedgwick & Smerdon, 1999). 

Terminal or “capping” ARRs protect the hydrophobic regions from solvent exposure by 

specialized folding at the C- or N-terminus (Forrer et al., 2004). Folding studies of various ARR-

containing proteins has shown a two-state transition between folded and unfolded states (Zeeb et 

al., 2002; Zweifel & Barrick, 2001). 

 

1.4.3 The SAM Domains.  

SAMs display wide diversity in subcellular localization, function, and binding partners. 

However, the general consensus structure is approximately five alpha helices (Kim, 2003). Since 

they have such diverse properties, it is difficult to pinpoint the function of a SAM domain in a 
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multidomain structure, rather it provides a list of possible functions. Composed of approximately 

70-80 residues, they can exhibit a wide array of oligomeric forms, such as heteropolymers or 

closed oligomers (Knight et al., 2011). These polymers are known to be left-handed structures, 

with each subunit connected using Mid-Loop (ML) and End-Helix (EH) surfaces (Meruelo & 

Bowie, 2009). Structural studies have shown each domain to be composed of five or six alpha 

helices involved in self-association, SAM-SAM binding, and forming complexes with non-SAM 

containing proteins (Thanos et al., 1999).  

In AIDA1, the structures of the SAM1 domain and the SAM1SAM2 domain tandem has 

been solved. There are two basic sequences in AIDA1 that could act as nuclear localization 

sequences (NLS). The first is located in a5-helix of SAM2, HKRK, whereby its deletion results 

in impaired nuclear importation for the protein (Jordan et al., 2007). The second is RRRR, which 

is located on exon 19, and its mutation resulted in constant nuclear localization (Kurabi et al., 

2009). Next, after looking at the thermal stability of SAM1 and SAM2, it was predicted that 

SAM1 is the more stable partner. This is because CD studies revealed SAM2 was highly 

unstable without SAM1, and prone to aggregation (Kurabi et al., 2009). Furthermore, the stable 

nature of SAM1 also supports the theory that SAM1 is preconfigured to accept SAM2 into a 

complex. Overall, these two SAM domains likely play a role in the nuclear import and binding 

interactions to small molecules for the AIDA1 isoforms.  

 

1.4.4 The PTB Domain. 

Although PTB domain functions vary, they are most commonly implicated in cell-cell 

adhesion, immune response, cellular growth and signalling network organization (Uhlik et al., 

2005). PTB domains can be classified into three categories: Shc-like, IRS-like, and Dab-like 
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based on their structure and function (Smith et al., 2006). Shc-like and IRS-like domains act in a 

phosphorylation-dependent manner, although the latter is specifically for insulin receptor 

substrates (Uhlik et al., 2005). On the other hand, Dab-like domains account for a majority of 

PTB domains, which bind targets in a phosphoindependent manner (Uhlik et al., 2005). The 

general consensus structure across all three classifications is referred to as a “superfold”: two b-

sheets in orthogonal “sandwich” against two a-helices (Li et al., 1998).  This superfold is 

representative of the pleckstrin-homology (PH) domain, however, there is little genetic similarity 

between both (Uhlik et al., 2005). Unique to Shc- and Dab-like domains is an additional C-

terminal a-helix, whereas IRS-like have a truncated a2-helix instead (Yun et al., 2003; Zhou et 

al., 1996). There is also a binding pocket formed by b5-strand and C-terminal a-helix, and an N-

terminal lipid binding site that is highly basic (Dinitto & Lambright, 2006). In terms of size, on 

average these domains range from 100-170 residues long (Yan et al., 2002).   

PTB domains are known to bind a canonical sequence of NPXY (X = any amino acid), 

where the tyrosine is phosphorylated or not based on domain classification (Smith et al., 2006). 

Dab-like domains can also bind a sequence of NPXF, where the tyrosine is replaced by a 

phenylalanine (Wagner et al., 2013). Ligand docking usually occurs with N-terminal residues 

that form a b-strand and b-turn, however, the specific mechanism can differ between each class 

(Kaneko et al., 2012). Phospholipid binding has been shown by X11, IRS-1, Shc, Dab1, Dab2, 

Numb and Talin proteins (Uhlik et al., 2005).  
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Figure 1.7. Structural characterization of PTB domain containing proteins. The name of 
each respective protein is listed beside the domain architecture. Domain annotations are as 
follows: PH - pleckstrin homology domain; SH2 - Src homology 2 domain; PTP - protein 
tyrosine phosphatase domain; PDZ - PSD-95/discs large/ZO-1 domain; SH3 - Src homology 3 
domain; WW - domain with two conserved tryptophans; ANK - ankyrin repeat domain; SAM - 
sterile alpha motif. Figured created using BioRender and adapted from (Uhlik et al., 2005).  

 
 This 153 amino acid domain in AIDA1b has been solved by NMR methods (PDB: 

2M38). While the wild-type domain is unstable and prone to aggregation, substitution of surface-

exposed aromatic residues greatly improved its solubility (Smirnova et al., 2013). The AIDA1 

PTB domain belongs to the Dab-like family, where it binds to targets in a phospho-independent 

manner (Smirnova et al., 2013). Moreover, a well-known binding partner of the PTB domain is 

APP, which is discussed further below.  
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1.4 Implications of ANKS1B and AIDA1 Mutation and Dysfunction 

 Monogenic deletions in ANKS1B led to the development of a disorder that was 

characteristic of ASD. A mouse model had characteristics of intellectual disability, motor 

dysfunction and social deficiencies (Carbonell et al., 2019). A genomic interaction analysis of 

AIDA1 showed that it is involved in synaptic signalling pathways and pathways commonly 

attributed to neurodevelopmental diseases (Carbonell et al., 2019).  

An AIDA1 knock out (KO) is partially lethal in newborn mice. AIDA1 KO mice also 

displayed prepulse inhibition (PPI) deficits and stereotypy, which refers to constant repetition of 

a specific action (Enga et al., 2017). This shows that the ANKS1B gene is partly implicated in 

pathways that are responsible for the startle response. Lastly, treatment with an NMDAR 

antagonist showed altered response, such that it aggravated motor activity in comparison to the 

control (Enga et al., 2017). Again, this implicates the ANKS1B gene in motor pathways. These 

symptoms shown in murine models are also representative of schizophrenia, another possible 

relation to human disease for the AIDA1/ANKS1B gene.  

 
1.5 AIDA1 in Alzheimer’s Disease 

1.5.1 AIDA1 Association with APP 

 Literature has shown that AIDA1 isoforms are known to bind AICD using their PTB 

domain (Smirnova, 2017). The domain recognizes a YENPTY motif on AICD for binding cleft 

accommodation. Other proteins that also bind AICD with a PTB domain are Fe65 and 

Mint1/X11 proteins. The effect of Mint1/X11 and APP binding are previously discussed above. 

Fe65 is a neuronal adaptor protein that has been shown to bind AICD, with contradictory 

downstream implications as it has been described as both an enhancer and suppressor of Ab-

peptide secretion (Ando et al., 2001; Sabo et al., 1999).  



 17 

 AIDA1a binds the cytoplasmic tail of APP, referred to as the AICD, at a characteristic 

YENPTY motif. Co-transfection of AIDA1a with AICD caused colocalization to the cytoplasm, 

whereas unbound AIDA1a is found uniformly in the cell, including the nucleus (Ghersi et al., 

2004). Similarly, AIDA1c/d/e isoforms are also capable of binding APP, with similar 

localization to the nucleus (Ghersi et al., 2004). However, the AIDA1b isoform is unable to bind 

AICD (Ghersi et al., 2004).  

 

1.5.2 PTB Domain Auto-Inhibition with APP 

As discussed above, PTB-domains are predicted to play a role in the progression of AD 

due to their APP binding capabilities. However, another key feature of several PTB domains is 

their auto-inhibition. For instance, X11/Mint1 and Fe65 are structurally autoinhibited from 

binding APP and will be discussed further. Firstly, the adaptor X11 is predicted to play a role in 

APP processing, however, there are instances where APP is prevented from attaching to the 

binding cleft (Matos et al., 2012). X-ray crystallography studies have shown an á-helical linker 

region at the C-terminus folds back into the PTB domain (Matos et al., 2012). This structure 

blocks the b2-strand, a1-helix and a2-helix which form the binding cleft for APP (Matos et al., 

2012). The main residues involved in this interaction are hydrophobic interactions between Y633, 

L636, and L637 of the inhibitory helix and F610, Y614 and F617 of the a2-helix (Matos et al., 2012). 

This leads to a closed conformation of Mint1/X11. Lastly, Fe65 is neuronal adaptor protein that 

has shown to bind APP in eukaryotes (Russo et al., 1998). Using NMR and X-ray 

crystallography, the solution structure of Fe65 was found to exist in dimer conformation, 

although there was monomers and trimers present as well (Feilen et al., 2017). The 

autoinhibition was found to have been caused by dimerization of the Fe65-PTB monomers that 
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mimicked the AICD interaction (Feilen et al., 2017). Specifically, the a2-helix of the PTB2 

domain unwinds and mimics AICD in the binding cleft forming an identical intramolecular salt 

bridge (Feilen et al., 2017). Overall, there are diverse mechanisms of PTB domain autoinhibition, 

ranging from binding cleft imitation to physical blocking from other protein domains.  

 
 
 
Figure 1.8. PDB structures of various autoinhibited PTB domains. (A) X-ray crystallography 
structure of homodimer Fe65 which autoinhibits the PTB domain from binding APP (PDB: 
5NQH) (Feilen et al., 2017). (B) X-ray crystallography structure of autoinhibited Mint/X11 due 
to C-terminal á-helical (red) folding which prevents APP binding (PDB: 4DBB) (Matos et al., 
2012).   
 
 
1.5.3 AIDA1b Auto-Inhibition 

 Notably, AIDA1b is the sole isoform unable to bind the AICD peptide using it’s PTB 

domain (Ghersi et al., 2004). This autoinhibition has been shown to be caused by Exon 14, a 25 

residue region preceding the SAM1SAM2 domain tandem (Ghersi et al., 2004).  The most 
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obvious explanation for autoinhibition would be that Exon 14 occludes the binding cleft. 

Although the Exon 14 sequence lacks the typical YENPTY motif, it is plausible that structural 

similarities or interactions with other aspects of AIDA1b are causing the inhibition.  

 

1.6 Topic of Research: Structural and Functional Studies of AIDA1b 

 The main hypothesis of the project described is that removal of Exon 14 will result in 

absence of AIDA1b autoinhibition, increased thermal stability, and altered secondary and 3D 

structure. AIDA1b is the only isoform that is unable to bind APP due to the presence of Exon 14 

in this splice variant. To date, autoinhibition of the AIDA1 PTB domain has only been shown 

using pull downs from crude lysates. The objective of my thesis is to demonstrate autoinhibition 

using pure proteins and complementarily biophysical methods. Furthermore, there is also a lack 

of research regarding AIDA1b’s functional and structural characteristics. For example, insight to 

thermal stability, domain characterization, and secondary structure provides a better 

understanding of its working capacity. Moreover, comparing wild-type and deletion mutants of 

AIDA1b can isolate which regions of the protein contribute more to its stability or structure. 

These properties were measured using DSF, CD and DSC. Using the same set of purified 

proteins, qualities of the quaternary structure of AIDA1b were determined using SAXS.  
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Figure 1.9. Domain, genomic and structural characterization of AIDA1b. Exon organization 
of AIDA1b shows 28 total exons, with each encoded domain shown above. The ankyrin repeat 
region (~exons 2-7) is structurally unsolved, thus a similar ankyrin repeat has been shown (PDB: 
1AP7). SAM1SAM2 (green) domains (~exons 14-18) with cartoon structure (PDB: 2KIV) and 
PTB (pink) domain (~exons 21-26) with cartoon structure (PDB: 2M38) are also shown. Figure 
created using BioRender.  
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CHAPTER 2: MATERIALS 
2.1 Solutions 

Table 2.1.1 Buffers for Protein Expression and Purification 
Buffer Composition Source 

Resuspension Buffer (T300) 50mM Tris, 300mM NaCl, 

0.001% NaN3 (w/v), pH 7.4 

Biorad 

Wash Buffer 50mM Tris, 300mM NaCl, 

0.001% NaN3 (w/v), pH 7.4 

Biorad 

Nickel column Imidazole 

Wash Buffer 

10mM imidazole, 49.5mM 

Tris, 297mM NaCl, 0.001% 

NaN3 (w/v), pH 7.4 

Biorad 

Nickel column Elution Buffer 500mM imidazole, 25mM 

Tris, 150mM NaCl, 0.0001% 

NaN3 (w/v), pH 7.4 

Biorad 

GST column Elution Buffer 20mM Glutathione, pH 7.4 Biorad 

 

Table 2.1.2 Buffers for Experimental Techniques  
Buffer Application Composition Source 

PBS  Anisotropy, DSF, 

DSC, ITC, BLI 

137 mM NaCl, 2.7 mM 

KCl, 4.3 mM Na2HPO, 

1.47 mM KH2PO, pH 

7.4 

Biorad 

T300 DSF 50mM Tris, 300mM 

NaCl, 0.001% NaN3 

(w/v), pH 7.4 

Biorad 

P100 DSF 10mM NaP, 100mM 

NaCl, pH 7.4 

Biorad 

Tris pH 7 DSF 50mM Tris, 100mM 

NaCl, pH 7 

Biorad 

NaP pH 7.5 DSF 50mM NaP, 100mM 

NaCl, pH 7.5 

Biorad 
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NaP pH 8 DSF 50mM NaP, 100mM 

NaCl, pH 8 

Biorad 

MOPS pH 7 DSF 50mM MOPS, 100mM 

NaCl, pH 7 

Biorad 

MOPS pH 8 DSF 50mM MOPS, 100mM 

NaCl, pH 8 

Biorad 

MES pH 5.5 DSF 50mM MES, 100mM 

NaCl, pH 5.5 

Biorad 

MES pH 6 DSF 50mM MES, 100mM 

NaCl, pH 6 

Biorad 

Na3C6H5O7 pH 6 DSF 50mM Na3C6H5O7, 

100mM NaCl, pH 6 

Biorad 

Na3C6H5O7 pH 7 DSF 50mM Na3C6H5O7, 

100mM NaCl, pH 7 

Biorad 

HEPES pH 7 SEC-MALS-

SAXS 

20mM HEPES, 

100mM NaCl, pH 7 

Biorad 

Sodium Phosphate pH 

7.4 

CD 7.5mM Na₂HPO₄, 

2.5mM NaH2PO4, pH 

7.4 

Fisher Reagents 

 

2.2 Reagents 

Table 2.2.1 Reagents for Bacterial Cloning 
Application Name Source 

GSTAPP pD441-GST ATUM 

Electra Enzyme Mix (SapI) ATUM 

Electra Buffer Mix ATUM 

AIDA1b, Δ14AIDA1b, 

APP36 

Pet28a GeneUniversal 

pGEX-2T GeneUniversal 

Miscellaneous  Kanamycin Biorad 

Ampicillin Biorad 



 23 

LB Biorad 

BL21(DE3) cells Cryogenic stock 

iQ cells Cryogenic stock 

100 bp DNA Ladder Froggabio #DM001-R500 

PCR Mastermix ThermoFisher #K0171 

 

Table 2.2.2 Reagents for Protein Expression and Purification 
Name Application Source 

Isopropylthio-β-galactoside 

(IPTG) 

Induction ThermoFisher #BP1755-1 

Precision Plus Protein Dual 

Color Standards 

SDS-Page Protein Ladder Biorad #1610374 

Pierce™ Coomassie Plus 

(Bradford) Assay Reagent 

Protein Quantification 

 

ThermoFisher #23238 

 

Table 2.2.3 Reagents for Experimental Techniques 
Experimental Technique Name Source 

Fluorescence Anisotropy Fluorescein isothiocyanate 

amyeloid precursor protein (FITC 

APP) 

Canpeptide 

DSF SYPRO™ Protein Gel Stains Thermofisher #S6650 

BLI Ethanolamine Thermofisher # 149582500 

N-hydroxysuccinimide (NHS) Thermofisher #24500 

1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide 

(EDC) 

Thermofisher #22981 

Octet AR2G Biosensors Sartorius 
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2.3 Oligonucleotides and Gene Blocks 

Table 2.3.1 Primes for Cloning 
Name Application Tm 

(°C) 

Source Sequence 

ATUMSEQ_F GSTAPP 55.8 IDT CTCGAAAATAATAAAAGGGAAAATCAG 

ATUMSEQ_R GSTAPP 53.0 IDT TGGTAGTGTGGGGATC 

 

Table 2.3.2 Gene Blocks 
Name Sequence  Plasmid  Source 

AIDA1b  CATATGGGATCCGGTACCATAGACAAAATAATGAGTTCAATTGATGTAGGCATTAACAACGAGC

TTAAGGAGATGAACGGCGAAACCACCCGTCCACGTTGTCCGGTCCAGACTGTAGGTCAATGGCT

GGAGTCCATCGGTCTGCCGCAATACGAGAACCACCTGATGGCGAACGGTTTTGACATGTGCAAT

TTATGGGTTCCAACGTGATGGAAGATCAGGACTTATTGGAGATCGGCATCCTGAATAGCGGTCA

CCGTCAACGTATCCTGCAAGCGATTCAGCTGCTGCCGAAAATGCGTCCGATTGGCCACGATGGT

TATCATCCGACCTCCGTGGCGGAATGGCTGGACAGCATCGAACTGGGCGACTACACCAAGGCGT

TCCTGATCAACGGTTATACGAGCATGGATTTGCTGAAAAAGATTTGGGAAGTTGAATTGATCAA

CGTCCTGAAGATCAACCTGATCGGCCACCGCAAGCGCATTTTGGCGTCGCTGGGCGATCGTTTG

CATGATGACCCGCCACAGAAACCGCCGCGTAGCATTACCCTGCGTGAACCGTCCGGTAATCACA

CCCCGCCGCAACTGAGCCCTAGTTTATCGCAGAGCACCTATACGACCGGCGGTTCCTTGGACGT

TCCGCATATCATCATGCAGGGTGACGCTCGTAGACGCCGCAACGAAAACTATTTCGACGACATC

CCGCGCAGCAAACTGGAACGTCAGATGGCCCAAACCGGTGACTGGGGTGAGCCGAGCATAACC

CTGCGCCCACCGAATGAGGCCACCGCAAGCACGCCTGTTCAATACTGGCAGCATCATCCGGAGA

AACTGATCTTTCAGTCTTGCGATTACAAGGCTTTCTATCTGGGGTCAATGCTGATCAAAGAGCTG

CGCGGCACCGAAAGCACCCAGGATGCGTGCGCAAAAATGCGTGCAAATTGTCAGAAGTCTACT

GAGCAGATGAAAAAGGTGCCGACAATTATCTTGTCTGTTAGCTATAAGGGTGTGAAATTCATTG

ATGCGACCAATAAAAACATTATCGCCGAGCACGAAATTAGAAATATCAGCTGCGCTGCTCAAG

ACCCGGAAGATTTAAGCACGTTTGCATACATTACCAAAGATCTCAAGTCTAACCACCACTACTG

CCATGTTTTTACCGCGTTCGACGTGAATCTGGCGTACGAGATCATTTTGACCCTGGGCCAAGCGT

TCGAGGTTGCGTACCAGTTGGCTCTGCAGGCACGTAAGTAACTCGAG 

pET28a  

pGEX-4T 
Gene 

Universal 

Δ14AIDA1b  CATATGGGATCCGGTACCCCACGTTGTCCGGTCCAGACTGTAGGTCAATGGCTGGAGTCCATCG

GTCTGCCGCAATACGAGAACCACCTGATGGCGAACGGTTTTGACAATGTGCAATTTATGGGTTC

CAACGTGATGGAAGATCAGGACTTATTGGAGATCGGCATCCTGAATAGCGGTCACCGTCAACGT

ATCCTGCAAGCGATTCAGCTGCTGCCGAAAATGCGTCCGATTGGCCACGATGGTTATCATCCGA

CCTCCGTGGCGGAATGGCTGGACAGCATCGAACTGGGCGACTACACCAAGGCGTTCCTGATCAA

CGGTTATACGAGCATGGATTTGCTGAAAAAGATTTGGGAAGTTGAATTGATCAACGTCCTGAAG

ATCAACCTGATCGGCCACCGCAAGCGCATTTTGGCGTCGCTGGGCGATCGTTTGCATGATGACC

CGCCACAGAAACCGCCGCGTAGCATTACCCTGCGTGAACCGTCCGGTAATCACACCCCGCCGCA

ACTGAGCCCTAGTTTATCGCAGAGCACCTATACGACCGGCGGTTCCTTGGACGTTCCGCATATC

ATCATGCAGGGTGACGCTCGTAGACGCCGCAACGAAAACTATTTCGACGACATCCCGCGCAGC

AAACTGGAACGTCAGATGGCCCAAACCGGTGACTGGGGTGAGCCGAGCATAACCCTGCGCCCA

CCGAATGAGGCCACCGCAAGCACGCCTGTTCAATACTGGCAGCATCATCCGGAGAAACTGATCT

TTCAGTCTTGCGATTACAAGGCTTTCTATCTGGGGTCAATGCTGATCAAAGAGCTGCGCGGCAC

CGAAAGCACCCAGGATGCGTGCGCAAAAATGCGTGCAAATTGTCAGAAGTCTACTGAGCAGAT

GAAAAAGGTGCCGACAATTATCTTGTCTGTTAGCTATAAGGGTGTGAAATTCATTGATGCGACC

AATAAAAACATTATCGCCGAGCACGAAATTAGAAATATCAGCTGCGCTGCTCAAGACCCGGAA

GATTTAAGCACGTTTGCATACATTACCAAAGATCTCAAGTCTAACCACCACTACTGCCATGTTTT

TACCGCGTTCGACGTGAATCTGGCGTACGAGATCATTTTGACCCTGGGCCAAGCGTTCGAGGTT

GCGTACCAGTTGGCTCTGCAGGCACGTAAGTAACTCGAG 

pET28a 

pGEX-4T 
Gene 

Universal 
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APP36 CATATGGCGTGGAGCCACCCCCAGTTCGAGAAAGGCGGCGGGTCAGGCGGGGGCTCAGG 

CGGGTCAGCGTGGAGCCACCCCCAGTTCGAGAAAATGCAGATTTTTGTTAAGACGCTGACC 

GGTAAGACCATTACGCTTGAAGTTGAGCCGAGCGACACTATCGAAAACGTCAAGGCTAAA 

ATCCAAGACAAAGAGGGCATTCCGCCGGATCAGCAGCGCCTGATCTTTGCCGGTAAGCAAC 

TGGAAGATGGCCGTACCCTGTCTGACTACAATATCCAAAAAGAATCCACGCTGCATTTGG 

TCCTGCGTCTGCGTGGTCTGGTGCCGCGTGGTAGCTTGGAAGATGCAGCGGTGACCCCTGA 

GGAACGCCACCTGAGCAAAATGCAGCAGAACGGCTATGAGAACCCAACCTACAAATTCTT 

CGAGCAAATGCAGAATCGCAGCTAACTCGAG 

pET28a Gene 

Universal 

 

2.4 Equipment & Software 

Table 2.4.1 Equipment for Cloning  
Application Name Source 

Polymerase Chain Reaction Techne TC-3000G PCR 

Thermal Cycler 

GMI 

Electroporation BTX™ ECM™ 399 

Exponential Decay Wave 

Electroporator 

Fisher Scientific  

Electroporation Cuvettes 
Plus™ 

Fisher Scientific  

Incubator/Shaker Barnstead MaxQ 4000 A-

Class Benchtop High  

Thermo Scientific  

 

New Brunswick™ I26/I26R 

Stackable Incubator Shakers 

Eppendorf 

Heat shock Isotemp 205 Digital Water 

Bath 

Fisher Scientific 

DNA quantification NanoDrop 2000 
spectrophotometer 

Thermo Scientific 

 

Table 2.4.2 Equipment for Protein Expression and Purification 
Application Name Source 

Sonication Ultrasonic Liquid Processor 

XL-2000 Series 

Misonix 

IMAC Purification Pump P-50 Amersham Biosciences 

PureCube 100 Ni-NTA 

Agarose 

Cube BioTech  
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SEC Purification ӒKTA pure™ 

chromatography system 

GE 

HiPrep 16/60 Sephacryl S-

100 HR 

Cytvia 

Concentration 5kDa MWCO centrifugal 

concentrator column 

Fisher Scientific  

Protein Quantification Biomate 3 Spectrophotometer Thermo Scientific  

BioPhotometer 6131 Eppendorf  

Visualization AlphaImager HP Alpha Innotech 

 

Table 2.4.3 Equipment for Experimental Techniques 
Application Name Source 

Fluorescence Anisotropy Synergy H4 Hybrid 
microplate reader 

Biotek 

DSF RotorGene Q qPCR Qiagen 

Mass Spectrometry Orbitrap Elite Thermo Fisher Scientific  

Savant DNA 120 SpeedVac 

Concentrator  

Thermo Fisher Scientific  

ITC MicroCal VP-Isothermal 

Titration Calorimeter (ITC) 

Malvern Panalytical  

DSC Differential Scanning 

Calorimeter 

TA Instruments 

SEC-MALS, SAXS Superdex 200 10/300 

Increase SEC column  

Cytvia 

Infinity II HPLC Agilent  

CD J-815 CD Spectrometer Jasco 

BLI Octet R4 Sartorius  
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Table 2.4.4 Software 
Application Name Source 

Fluorescence Anisotropy Prism GraphPad 

DSF DSF World Jason E. Gestwicki, PhD. 

(UCSF) 

ITC Microcal 7.0 Malvern Panalytical  

DSC Nanoscale TA Instruments 

SEC-MALS-SAXS RAW, ASTRA BioXTAS 

CD  Spectra Manager Jasco 

BLI Octet Analysis Studio Sartorius 
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CHAPTER 3: METHODS 
3.1 Cloning  

3.1.1 Cloning of AIDA1, Δ14AIDA1b & APP36 

Various clones (AIDA1, Δ14AIDA1b & APP36) were ordered from GeneUniversal. 2ng 

of respective DNA was added to 100 µL BL21(DE3) competent cells, and electroporated. The 

cells were rescued with 1000 µL LB, and subsequently incubated at 37 °C and 300 rpm for 1 

hour. 100 µL was plated onto either LB/Kan plates and incubated at 37 °C overnight. Colonies 

were selected and incubated in 2 mL LB/Kan at 37°C and 300rpm overnight. Following, they 

were stored as cryogenic stocks (800 µL culture, 200 µL DMSO).  

 

3.1.2 Cloning of GST-APP 

 Primers were designed using SnapGene and ordered from IDT. A gene fragment for APP 

was ordered from GeneUniversal with SapI restriction sites. An Electra reaction was set up with 

10µL 125 ng APP gene fragment, 1 µL pD441-GST, 2 µL Electra buffer, 1 µL Electra enzyme 

mix (SapI) and 6 µL ddH2O (ATUM). The reaction was incubated for 30 minutes at room 

temperature, after which 2 µL was added to iQ-competent cells. The cells were heat-shock 

transformed for 90 seconds at 42 °C, cooled on ice for 5 minutes, and incubated for 1 hour at 

37°C and 300rpm after the addition of 1000 µL SOC. The cells were spread-plated on LB/Kan 

(50μg/mL) and incubated at 37°C for 14 hours. The resultant colonies were screened using 

water-colony PCR with the original primers (ATUMSEQ_F, ATUMSEQ_R). The PCR was as 

follows: 30 seconds of 94 °C, 45 seconds of 48 °C, and 1 minute of 72 °C for 30 cycles. Purified 

DNA was visualized on a 1.2 % agarose gel with EtBr. The positive colony was grown in 

LB/Kan at 37 °C and 300 rpm.  
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3.2 Protein Expression and Purification  

3.2.1 Protein Expression 

An initial 50 mL culture (LB/Kan) was grown overnight at 37 °C and 180 rpm and 

subsequently transferred to a 1 L culture. Once the 1 L culture was at mid-log phase (OD600nm = 

0.5 – 0.7), IPTG was added to a final concentration of 1 mM. The culture was then incubated 

overnight at 18 °C and 180 rpm. Following incubation, the culture was harvested at 5000xg for 

15 minutes at 4 °C, and cell pellets were stored while the supernatant was discarded. 

 

3.2.2 Protein Purification 

The cell pellets were resuspended in lysis buffer (T300 - 50 mM Tris, 300 mM NaCl, 

0.1% NaN3, pH 7.4) and lysed using sonication with 10 second on, and 30 second off cycles for 

5 minutes. The solution was spun at 16,000xg for 35 minutes at 4°C, the supernatant was diluted 

with loading buffer (T300 - 50mM Tris, 300mM NaCl, 0.1% NaN3, pH 7.4) and the pellet was 

discarded.  

An initial purification was performed by nickel affinity chromatography (Cube Bio). The 

column was washed with 100 mL wash buffer (T300 - 50 mM Tris, 300 mM NaCl, 0.1% NaN3, 

pH 7.4), the lysate was pumped at a rate of 12.0 mL/min, after which the column was re-washed 

with 100 mL wash buffer. A second wash of 10 mM imidazole was run, and a 40 mL sample was 

eluted with 500 mM imidazole. 

The eluted sample was concentrated to 5 mL using a 5 kDa MWCO centrifugal 

concentrator column and pumped into the ӒKTA pure™ chromatography system (GE) at 

1mL/min for a secondary purification. The sample was desalted and buffer-exchanged into PBS 

(137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HPO, 1.47 mM KH2PO, pH 7.4) and eluted into 
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1.5mL fractions on a 96-well plate using a HiPrep 16/60 Sephacryl S-100 HR column (Cytvia). 

Fractions were pooled together and concentrated using a 5 kDa MWCO centrifugal concentrator 

column. Protease inhibitor phenylmethyl sulfonyl fluoride (PMSF) was added to a final 

concentration of 1 mM. A buffer exchange was achieved by repeated concentrations with a 5 

kDa MWCO centrifugal concentrator column. 

 

3.2.3 Visualization of Proteins 

 Sample preparation was done by aliquoting 10 µL protein and 10 µL 2x Laemelli Sample 

Buffer (Bio-rad). 18 µL of desired samples was loaded in succession onto a Mini-PROTEAN® 

TGX™ 4-20% Precast Gel (Bio-rad). InstantBlue® Coomassie Protein Stain (Abcam) was used 

to stain the gel. The gel was imaged on an AlphaImager HP (Alpha Innotech). 

 

3.2.4 Protein Quantification 

 Protein quantification was done using two methods. An A280nm reading was taken, and 

protein concentration was calculated using the Beer-Lambert law. Secondly, Pierce™ Coomassie 

Plus (Bradford) Assay Reagent was added to samples of interest, and A595nm was used to estimate 

the protein concentration relative to a BSA standard curve. 

 

3.3 Fluorescence Anisotropy 

 A FITC-labelled peptide for APP (FITC-APP) was ordered from CanPeptide (Quebec). 

AIDA1, Δ14AIDA1b and PTB samples were dialyzed to PBS using 5 kDa MWCO centrifugal 

concentrator columns. Samples were quantified to 100 µM using a Bradford assay and the 

Edelhoch method. A 10x serial dilution was conducted with samples of interest and PBS. A final 
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concentration of 50 nM of FITC-APP was added, with total reaction volume at 50 µL. Samples 

were transferred to a 96-well black microplate and incubated at room temperature in the dark for 

30 minutes. Following, the plate was read on a BioTek Synergy H4 Hybrid Microplate Reader 

and results were analyzed using Prism 9 software (GraphPad). 

 

3.4 Bio-layer Interferometry  

 AIDA1, Δ14AIDA1b, PTB, and APP36 samples were buffer exchanged to PBS using 

5kDa MWCO centrifugal concentrator columns. Samples were diluted to 5 µM for AIDA1, 

Δ14AIDA1b, and PTB and a serial dilution of 5 µM, 10 µM, 25 µM and 50 µM for APP36. 

AR2G tips (Sartorius) were activated with 10 mM NHS and 20 mM EDC, loaded with either 

AIDA1, Δ14AIDA1b, or PTB and quenched with 1M ethanolamine. The tips were then washed 

with PSB, associated with APP36 in sequential concentrations from lowest to highest, and 

disassociated in PBS. The tips were regenerated using 3M GdHCl and neutralized in water. The 

assay protocol was as follows: equilibration – 60 seconds, activation – 300 seconds, 

immobilization – 600 seconds, quench – 300 seconds, baseline – 120 seconds, association – 300 

seconds, dissociation – 300 seconds, regeneration – 6 seconds, neutralization – 30 seconds. The 

experiment was done using Octet BLI Discovery Software on an Octet R4 (Sartorius). The raw 

data was analyzed using Octet Analysis Studio Software (Sartorius) to obtain binding curves.  

 

3.5 Dynamic Scanning Fluorimetry  

 AIDA1 and Δ14AIDA1b samples were concentrated using 5kDa MWCO centrifugal 

concentrator columns to 5mg/mL, quantified using a Bradford assay. SYPRO Orange dye (Life, 

ThermoFisher) was diluted from a 5000X stock to a final concentration of 10X in selected 
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buffers. 10 buffer conditions were tested, refer to 2.1.2 for specifications. Tubes were created 

with SYPRO Orange dye, buffer, and 1mg/mL final concentration of desired protein in a total of 

50µL. The RotorGene Q qPCR (Qiagen) was used to set fluorescence output at 470nm, detection 

at 610nm, and gain of 5. The samples were heated from 25°C to 99°C at a 1°C/min rate. Controls 

of 1mg/mL lysozyme in PBS (positive), 1mg/mL protein in PBS (negative), and 10X final 

concentration SYPRO Orange dye in PBS (negative). The results were analyzed using DSF 

World (Jason E. Gestwicki, UCSF) and Prism 9 software (GraphPad).  

 

3.6 Circular Dichroism  

 AIDA1 and Δ14AIDA1b were buffer exchanged to 10mM sodium phosphate pH 7.4 (7.5 

mM Na₂HPO₄ and 2.4 mM NaH2PO₄) using a 25 kDa MWCO dialysis membrane overnight. 

Samples were diluted and quantified to 3.5 µM and the molar ellipticity (mdeg) was measured 

over wavelengths 200-260 nm. The spectra of the solvent (7.5 mM Na₂HPO₄, 2.5 mM NaH2PO₄, 

pH 7.4) was subtracted from the sample spectra. Samples were run at a rate of 100 nm/min, with 

measurements every 0.1 nm at 22°C. Thermal denaturation experiments were monitored at 208 

nm and 222 nm during a temperature period of 40 °C - 90 °C, at a rate of 1 °C/min. All 

experiments were conducted on a J-815 CD Spectrometer (Jasco) using a quartz cuvette, optical 

path length of 0.1cm, and analyzed on Spectra Manager (Jasco).  

 

3.7 Differential Scanning Calorimetry 

 AIDA1 and Δ14AIDA1b samples were dialyzed to PBS using 5 kDa MWCO centrifugal 

concentrator columns and quantified to 100 µM. 1 mL of the sample was loaded into a DSC 250 

(TA Instruments). The samples were heated from 5 °C to 85 °C at a rate of 1 °C/min, and cooled 
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from 85 °C to 5 °C at a rate of 1 °C/min. The heating/cooling cycle was repeated five times at 3 

atm. Data was analyzed using Nanoscale (TA Instruments).  

 

3.8 SEC-MALS-SAXS 

 AIDA1 and Δ14AIDA1b samples were dialyzed to SEC-MALS SAXS buffer (20 mM 

HEPES, 100 mM NaCl, pH 7) using a 25 kDa MWCO dialysis membrane, and further dialyzed 

using a 5 kDa MWCO centrifugal concentrator column. Samples were quantified to 5 mg/mL for 

AIDA1 and 5.5 mg/mL for Δ14AIDA1b using a Bradford assay. 300µL of each sample was 

injected onto a Superdex 200 10/300 Increase SEC column (Cytvia) on an Agilent Infinity II 

HPLC. Then, samples were sent through Wyatt DAWN Heleos II MALS, a Wyatt Optilab T-

rEX direct refractive index (dRI) detector and targeted by a SAXS synchrotron beamline. RAW 

and ATSAS was used to analyze the data. The DAMMIF tool was used to create bead models. 

The bead models were then aligned to the Alphafold predicted structure used the cifsup 

extension in RAW, with the bead model being averaged and refined from fifteen structural 

predictions.  
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CHAPTER 4: RESULTS 

4.1 Expression and Purification of Studied Proteins  

4.1.1 Expression and purification of AIDA1 

The main proteins of interest for this project consisted of a 47.4 kDa fragment of 

AIDA1b extending from Exon 14 to Exon 20 (AIDA1b) and Δ14AIDA1b, a deletion mutant of 

Exon 14. Expression trials were conducted on AIDA1b (Figure 4.1) after transformation of a pre-

ordered, ligated plasmid (pET28a) that contained the respective gene sequence. Transformations 

were tested by plating on LB/Kan plates and LB/Amp plates, to verify no cross-contamination. 

Following, the protein was expressed/induced at 18 °C, because prior trials at 37 °C yielded 

minimal protein yield.  The lysate was purified by affinity chromatography, followed by size 

exclusion chromatography. The protein was stable for at least one week, with some degradation 

occurring thereafter as monitored by SDS-PAG. Repeated freeze/thawing cycles of AIDA1b is 

not advised as some precipitate was observed.  
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Figure 4.1 Expression and purification of AIDA1b. (A) A visual representation of AIDA1b 
structure with a 6xH affinity tag and notable domains Sam1Sam2 and PTB. Created using 
BioRender. (B) Table with structural and chemical properties of AIDA1b. (C) The purification 
scheme was performed on BL21 (DE3) transformed cells with the AIDA1b gene block in pet28a 
(GeneUniversal). An SDS-Page visualization where: “Un” = uninduced culture, “In” = induced 
culture for 18 hours at 18°C, “Lys” = lysate post-sonication and centrifugation, “Pellet” = pellet 
post-lysis and centrifugation, “Ni2+” = post IMAC nickel column eluted with 500mM imidazole, 
“SEC” = post SEC, buffer exchanged into PBS). AIDA1b is 47kDa. (D) SEC elution profile 
from ӒKTA pure™ (GE), whereby AIDA1b eluted between 40-70mL, at fractions A4-C8.  
 
4.1.2 Expression and purification of Δ14AIDA1b 

 I hypothesized that the lack of Exon 14 in Δ14AIDA1b would relieve autoinhibition of 

the PTB domain. Δ14AIDA1b is 44.6kDa and showed similar low MW impurities which were 

removed using a 30kDa MWCO centrifugal concentrator column. Again, similar to AIDA1b, 

these bands often reappeared post 7+ day storage at 4°C and was incapable of being stored at -

20°C due to significant precipitation. This represents similar instability of both AIDA1b and 

Δ14AIDA1b in terms of temperature sensitivity and storage capabilities.  
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Figure 4.2. Expression and purification of Δ14AIDA1b. (A) Visual representation of 
Δ14AIDA1b structure with a 6xH affinity tag, and notable domains Sam1Sam2, PTB. Created in 
BioRender. (B) Table containing chemical and structural properties of Δ14AIDA1b. (C) The 
purification scheme was performed on BL21 (DE3) transformed cells with the Δ14AIDA1b gene 
block in pet28a (GeneUniversal). SDS-Page visualization where: “Un” = uninduced culture, “In” 
= induced culture for 18 hours at 18°C, “Lys” = lysate post-lysis and centrifugation, “Pellet” = 
pellet post-lysis and centrifugation, “Ni2+” = post IMAC nickel column eluted with 500mM 
imidazole, “SEC” = post SEC, buffer exchanged into PBS. Ni2+ IMAC was done using a 
Pharmacia Biotech Chromatographie column XK50/60 (Pharmacia Biosciences) and SEC was 
done on a ӒKTA pure™ chromatography system (GE). Δ14AIDA1b is 45kDa. (D) SEC elution 
profile from ӒKTA pure™ (GE), whereby Δ14AIDA1b eluted between 50-70mL, at fractions 
A6-C9.  
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4.1.3 Expression and purification of PTB  

The PTB domain alone has been previously solved by NMR methods in the Donaldson 

laboratory (Smirnova et al, 2012). This PTB domain used here and for the structure was 

solubility enhanced, containing five aromatic/aliphatic substitutions. An established purification 

protocol was followed with Ni2+ IMAC purification, followed by size exclusion chromatography.   

 

 
Figure 4.3. Expression and purification of PTB5M. (A) Visual representation of PTB5M 
structure, with a 6xH affinity tag. Created in BioRender. (B) Table listing chemical and 
structural properties of PTB5M. (C) A prior lab freezer stock was used for the expression of 
PTB5M. SDS-Page visualization where: “Un” = uninduced culture, “In” = induced culture for 18 
hours at 18°C, “Lys” = lysate post-lysis and centrifugation, “Pellet” = pellet post-lysis and 
centrifugation, “Ni2+” = post IMAC nickel column eluted with 500 mM imidazole, “SEC” = post 
SEC, buffer exchanged into PBS. PTB5M is 18.7kDa. (D) SEC elution profile from ӒKTA 
pure™ (GE), whereby PTB5M eluted between 60-75mL, at fractions A5-B7. 
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4.1.4 Expression and purification of APP36  

There are two clones of the APP AICD that were used, that of APP36 (Figure 4.4) and 

GST-APP (Figure 4.5). Both APP were affinity tagged with 6xHis (APP36) or GST (GST-APP), 

which allowed for a diverse profile of assays and studies to be conducted. APP36 was expressed 

at 18°C for a better protein yield. The expected molecular weight of APP36 is 16.3kDa.  

 
Figure 4.4 Expression and purification of APP36. (A) Visual representation of APP36 
structure, with a 2xStreptactin tag and Ubiquitin tag. Created in BioRender. (B) Table listing 
chemical and structural properties of APP36. (C) The purification scheme was performed on 
BL21 (DE3) transformed cells with the APP36 gene block in pet28a (GeneUniversal). SDS-Page 
visualization where: “Un” = uninduced culture, “In” = induced culture for 18 hours at 18°C, 
“Lys” = lysate post-lysis and centrifugation, “Pellet” = pellet post-lysis and centrifugation, 
“Ni2+” = post IMAC nickel column eluted with 500mM imidazole, “SEC” = post SEC, buffer 
exchanged into PBS. Ni2. APP36 is 16.4kDa. (D) SEC elution profile from ӒKTA pure™ (GE), 
whereby APP36 eluted between 55-80mL, at fractions C6-D12.  
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4.1.5 Expression and purification of GST-APP 

The next protein, GST-APP, was cloned using Electra protocols, where SapI was the 

restriction enzyme used to insert the APP gene of interest into a pD441-GST plasmid. As seen in 

Figure 4.4B, colony 3 produced the correct sized insert, 946 bp. Following, the glycerol stock 

was used to do expression trials, and similar to above, the 18°C expression produced a higher 

quantity of protein, although the overall expression was still lower compared to other clones. The 

protein eluted in the expected fractions post-SEC, however, upon storage at 4°C for 7+ days, 

there was often a second band on an SDS-PAGE at 26kDa. This may represent possible cleavage 

or degradation of the GST-APP protein since the APP peptide was only 4kDa. Degradation was 

mitigated by adding the protease inhibitor, PMSF.  
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Figure 4.5. Expression and purification of GST-APP. (A) Visual representation of GST-APP 
structure, with a GST affinity tag. Created in BioRender. (B) 1.25% agarose gel electrophoresis 
to confirm successful ligation of desired insert (APP = 946 bp) into plasmid (pD441-GST) 
following the Electra method (ATUM). (C) SDS-Page visualization where: “Un” = uninduced 
culture, “In” = induced culture for 18 hours at 18°C, “Lys” = lysate post-lysis and centrifugation, 
“Pellet” = pellet post-lysis and centrifugation, “GST” = post IMAC GST column eluted with 
20mM glutathione (pH 7.4), “SEC” = post SEC, buffer exchanged into PBS. GST IMAC was 
done using a Pharmacia Biotech Chromatographie column XK50/60 (Pharmacia Biosciences) 
and SEC was done on a ӒKTA pure™ chromatography system (GE). GST-APP is 27kDa. (D) 
Table listing structural and chemical properties of GST-APP. (E) SEC elution profile from 
ӒKTA pure™ (GE), whereb GST-APP eluted between 40-60mL, at fractions A2-B6. 
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4.2 Binding studies show Exon 14 participates in the auto-inhibition of AIDA1b 

4.5.1 Fluorescence anisotropy studies between AIDA1, Δ14AIDA1b and APP 

The first binding assay done to measure the binding capacity of AIDA1b and 

Δ14AIDA1b used a fluorescent peptide (FITC-labelled APP17) ordered from CanPEPTIDE 

(Figure 4.6). As a positive control, PTB5M was used to compare with previous research done by 

lab members, but also understand how the Kd can potentially change between the domain alone 

vs the wild-type protein. For the positive control (PTB5M = blue), a Kd of 7.5 µM was obtained, 

with a clean curve, and all measured values falling along the fit. The scatter plots were fit with a 

one-site binding analysis on GraphPad PRISM. The titration for AIDA1b (green) with FITC-

labelled APP17 showed no binding, as evident in Figure 4.6D since there is no evident trend or 

curved relationship. Lastly, the titration for Δ14AIDA1b (red) with FITC-labelled APP17 also 

showed binding, albeit not as strong as PTB5M alone. The Kd found for this specific titration is 

12.5 µM, showing lower binding affinity, but also a higher margin of error since the data points 

are not well aligned with the predicted curve. A blank well of FITC-labelled APP in PBS buffer 

was subtracted from the anisotropy values to normalize the data.  
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Figure 4.6 Fluorescence anisotropy binding assay for PTB, AIDA1b and Δ14AIDA1b with 
APP. (A) Scientific theory behind fluorescence anisotropy. Created in BioRender. Binding 
studies were carried out for (B) PTB (blue), AIDA1b (green) and Δ14AIDA1b (red) with FITC-
APP. (C) 100µM of PTB was incubated for 30 minutes with 50nM FITC-APP in the dark at 
23°C and displayed a Kd = 7.5 µM (R2 = 0.9190) (D) Similar conditions were used to test 
Δ14AIDA1b showing a Kd = 12.5 µM (R2 = 0.8808) and (E) AIDA1b with no binding. Results 
were analyzed and graphed using GraphPad PRISM.  
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4.5.2 BLI studies between AIDA1, Δ14AIDA1b and APP 

 Next, BLI was used as a complementary method to fluorescence anisotropy. The 

experiment was done with PBS as the kinetic buffer, however, to account for non-specific 

binding, 1% BSA, sucrose and detergent was added (Dubrow et al., 2022). AR2G tips were used 

due to their versality, whereby activation with EDC/NHS allowed for association of any protein, 

in this case PTB, AIDA1b and Δ14AIDA1b. The analysis of the raw data (Figure 4.7B) for PTB 

(green) revealed a Kd of 5.8 ± 0.90 µM, with an R2 = 0.9988, showing a strong fit. This is similar 

to the results of the fluorescence anisotropy presented here, as well as in previous literature. 

Moving forward, AIDA1b (blue) displayed some unusual results, since the association stage 

showed binding to APP. However, upon analysis of the results, it was concluded that this was 

most likely non-specific binding, since the response calculated for each consecutive 

concentration was the same value. Theoretically, as the concentration of the ligand increases, the 

response should as well, since there is a greater amount of product attaching to the sensor, and 

later being removed when the tip is dipped into buffer. This is most likely because of the nature 

of AR2G tips, and despite accounting for nonspecific binding, it was still present. Lastly, 

Δ14AIDA1b (red) raw data analysis also showed a moderately well-fit binding curve (R2 = 

0.5623), whereby the Kd obtained was 7.8µM ± 6.1µM. These results are again, similar to the FA 

in that the fit is less strong, and the affinity for APP is reduced, perhaps due to some other 

inhibitory factor.  
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Figure 4.7. Biolayer interferometry binding analysis for PTB, AIDA1b and Δ14AIDA1b 
with APP. (A) Schematic visualizing the method of AR2G tips. Adapted from Sartorius and 
created in BioRender. (B) Raw data results from BLI assay between AIDA1b (blue),  
Δ14AIDA1b (red) and PTB (green), with the addition of APP or buffer in the association stage 
labelled. AR2G tips were equilibrated in water, activated with 10mM EDC/20mM s-NHS, 
loading with each respective protein, quenched with 1M ethanolamine, associated with 5 µM, 10 
µM, 20 µM or 40 µM APP. Only 10 µM or PBS buffer is shown. All experiments were done in 
PBS on an Octet R4 (Sartorius). (C) Kinetic analysis of raw data revealed no binding for 
AIDA1b, a Kd of 5.8 µM with R2 = 0.9967 for PTB, and a Kd of 7.8 µM with an R2 = 0.5623 for 
Δ14AIDA1b. Data was analyzed on Octet Analysis Studio (Sartorius).  



 45 

4.3 Exon 14 does not impact the thermal stability of AIDA1b  

4.2.1 AIDA1b and Δ14AIDA1b display similar melting temperatures but varying ideal buffer 

conditions  

I examined the chemical and structural properties of AIDA1b and Δ14AIDA1b using 

differential scanning fluorimetry (DSF), circular dichroism (CD), and differential scanning 

calorimetry (DSC). Firstly, the DSF or thermofluor assay, as shown in Figure 4.8, tested the 

stability of both proteins in various buffers, along with measuring its unfolding as a function of 

time to determine its melting point (Tm). The raw data for AIDA1b (Figure 4.8A) and 

Δ14AIDA1b (Figure 4.8B) displays a few notable similar trends. There is a significant difference 

in the unfolding of both AIDA1b and Δ14AIDA1b in 50 mM MES, 100 mM NaCl and pH 5.5 

compared to the other buffer conditions. Since there is another condition with 50 mM MES but 

high pH (pH 6), the data suggests that below pH 6 the proteins are much more unstable, with a 

Tm of 48.2 °C and 48.5°C for AIDA1b and Δ14AIDA1b respectively. Although pH 5.5 is close 

the proteins predicted pI of 6.4 for AIDA1b and 6.2 for Δ14AIDA1b, it is possible that the 

structure does not favour stability in low pH, perhaps due to other interactions with the buffer. 

Another similarity between the data for both proteins is that neither unfolded or aggregating prior 

to the gradient temperature increase, and would suggest that at room temperature, the buffer 

conditions would not make a significant impact on how the protein behaves.  

 For AIDA1b, the most stable condition was 50 mM MOPS, 100 mM NaCl, pH 8 with a 

Tm = 60.2 °C whereas for Δ14AIDA1b it was phosphate-buffered saline, with a Tm = 64.4 °C. In 

Figure 4.8C, each buffer condition was tested for significance with an unlinked t-test between 

AIDA1b and Δ14AIDA1b with the results and significance shown in Figure 4.8D. The buffer 

conditions that caused significant differences in the melting temperature of both proteins, in 
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order of decreasing p-value were: (i) 50 mM Tris, 100 mM NaCl, pH 8 (ii) 50 mM MOPS, 100 

mM NaCl, pH 8, (iii) 50 mM sodium citrate, 100 mM NaCl, pH 7, (iv) 50mM sodium citrate, 

100 mM NaCl, pH 8 , and (v) PBS.  

 

 
Figure 4.8. Differential scanning fluorimetry of AIDA1b and Δ14AIDA1b to test buffer 
sensitivity and melting temperature. Temperature dependent unfolding was measured for (A) 
AIDA1b and (B) Δ14AIDA1b using SYPRO orange in various buffer conditions, (seen in the 
legend to the right of B). The raw data was entered into DSFWorld, and the (C) mean melting 
temperatures of AIDA1b (blue) and Δ14AIDA1b (red) were plotted as a bar graph using 
GraphPad PRISM with error bars. (D) Mean melting temperature of each buffer condition with 
tests of significance using GraphPad PRISM. * = p < 0.05, ** = p < 0.01, *** = p < 0.001, **** 
= p < 0.0001. 
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4.2.2 CD thermal denaturation confirms limited influence of Exon 14 in AIDA1b thermal 

stability  

A CD spectroscopy-based assay was performed to compare thermal denaturation with the 

results from DSF. Both AIDA1b and Δ14AIDA1b were subject to a gradual temperature increase 

from 40°C to 90°C. A monitoring wavelength of 208 nm characteristic of alpha helices was 

selected (Figure 4.12). The first derivative of the raw data for AIDA1b reveals a Tm of 58.0°C 

(Figure 4.9B), and a reverse temperature scan also showed no renaturation, with white precipitate 

evident in the cuvettes. Similar to AIDA1b, the first derivate of the raw data for Δ14AIDA1b 

reveals a Tm of 58.0°C, with no successful renaturation. The similar behaviour of these proteins 

can be attributed to the buffer (7.5 mM Na₂HPO₄, 2.4 mM NaH2PO₄, pH 7.4), whereby both 

samples had identical stability. Superimposition of both the raw data and first derivative graphs 

for AIDA1b and Δ14AIDA1b reveal near identical plots.  
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Figure 4.9. Thermal denaturation of AIDA1b and Δ14AIDA1b using circular dichroism to 
measure melting temperature. (A) The raw thermal denaturation profile for 3.5 µM AIDA1b 
measured at 208 nm over 40 – 90°C. (B) First derivative graphical representation of AIDA1b 
thermal melt, with a melting temperature of 58°C, done using Spectra Manager (Jasco). (C) The 
raw thermal denaturation profile for 3.5 µM Δ14AIDA1b measured at 208 nm over 40 – 90°C. 
(D) First derivative representation of Δ14AIDA1b thermal melt, with a melting temperature of 
58°C. (E) Superimposition of AIDA1b (blue) and Δ14AIDA1b (red) raw thermal denaturation 
profile. (F) Superimposition of AIDA1b (blue) and Δ14AIDA1b (red) thermal melt first 
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derivative graphical representation. All experiments were done in 10mM sodium phosphate (7.5 
mM Na₂HPO₄ and 2.4 mM NaH2PO₄) on a J-815 CD Spectrometer (Jasco).  
 
4.2.3 The loss of Exon 14 causes higher free energy, enthalpy and entropy in AIDA1b 

 DSC was used to determine thermal transition temperatures and obtain thermodynamic 

parameters including enthalpy, entropy and free energy. For AIDA1b, as shown in Figure 4.10, 

the melting temperature was found to be 57.8 ± 0.300°C, representing the maxima of three trials 

averaged. Furthermore, after ten sequential thermal melts (Figure 4.10A), following by cooling 

cycles, the protein did not refold. This confirms the results from the CD study that AIDA1b is 

not stable enough to refold when subject to a reducing temperature gradient. By integrating the 

area from each peak, it was possible to determine the enthalpy of the reaction, 399.8 ± 41.90 kJ. 

This value represents the energy required to complete the endothermic reaction of melting 

AIDA1b. The other two values obtained from this experiment are the entropy of protein 

unfolding and Gibbs free energy. The entropy, found to be 6.91 ± 0.0800 kJ/K, represents the 

increase in disorder upon the protein losing bonds and interactions that contributed to 

conformational stability. Lastly, the Gibbs free energy represents the change in energy between 

the folded and unfolded states of AIDA1b, in this case 330.6 ± 5.900 kJ. However, since 

AIDA1b does not refold, the Gibbs free energy does not represent a reversible reaction. All 

experiments were done in PBS buffer at a concentration of 100 µM based on recommend 

protocols.  

Next, the same experiment was repeated on Δ14AIDA1b in identical buffer and 

concentration conditions to allow for comparison. An average of three thermal denaturation’s 

gave a melting temperature of 59.4°C ± 0.0700 °C, which is similar to what was shown on the 

DSF assay in PBS buffer. Furthermore, the change in enthalpy for the Δ14AIDA1b unfolding 

reaction was 486.1 ± 41.30 kJ. The entropy and Gibbs free energy was found to be 8.2 ± 0.70 
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kJ/K and 404.2 ± 34.90 kJ respectively. Similar to AIDA1b, Δ14AIDA1b was unable to refold 

when subject to a cooling temperature gradient (Figure 4.11B).  

Overall, the curves for AIDA1b and Δ14AIDA1b display a similar trend in the minimal 

and maximal values of molar heat capacity measured for the duration of the reaction. However, 

the Tm for Δ14AIDA1b was higher, supporting the DSF assay results, perhaps showing that it is 

the more stable mutant when compared to AIDA1b. Moreover, the change in enthalpy was 

higher for Δ14AIDA1b and differs by at least a magnitude of 2 SD. In addition, since 

Δ14AIDA1b is the smaller protein, it is reasonable to predict that this value also supports the 

theory of AIDA1b being more stable upon removal of Exon 14.  
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Figure 4.10. DSC molar heat capacity profiles for AIDA1. (A) Superimposition of three 
thermal denaturation scans for 100 µM AIDA1b in PBS. Molar heat capacity was measured by 
heating a 1mL sample from 5°C to 85°C at a rate of 1°C/min. (B) Molar heat capacity profiles 
for ten sequential thermal denaturation’s of AIDA1b, measured from 5°C to 85°C at a rate of 
1°C/min. The first scan is marked by the black arrow (blue curve). (C) Chemical properties 
derived from analysis of raw data using Nanoscale (TA Instruments). The melting temperature 
was 57.85°C ± 0.31°C, enthalpy of 399.79 kJ ± 6.74 kJ, entropy of 6.91 kJ/K ± 0.08 kJ/K, and 
Delta G (DG) of 330.63 kJ ± 5.94 kJ.  
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Figure 4.11. DSC molar heat capacity profiles for Δ14AIDA1b. (A) Superimposition of three 
thermal denaturation scans for 100 µM Δ14AIDA1b in PBS. Molar heat capacity was measured 
by heating 1mL sample from 5°C to 85°C at a rate of 1°C/min. (B) Molar heat capacity profiles 
for ten sequential thermal denaturation’s of Δ14AIDA1b, measured from 5°C to 85°C at a rate of 
1°C/min. The first scan is marked by the black arrow (blue curve). (C) Chemical properties 
derived from analysis of raw data using Nanoscale (TA Instruments). The melting temperature 
was 59.36°C ± 0.07°C, enthalpy of 486.10 kJ ± 41.29 kJ, entropy of 8.19 kJ/K ± 0.69 kJ/K, and 
Delta G (DG) of 404.21 kJ ± 34.93 kJ.  
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4.4 Exon 14 contributes a secondary structure in AIDA1b  

 Secondary structure analysis was also done at 25°C to measure the molar ellipticity and 

investigate differences between AIDA1b and Δ14AIDA1b. Several buffer and concentration 

trials revealed optimal conditions to be 3.5 µM protein and 10mM sodium phosphate. As seen in 

Figure 4.12A, AIDA1b (blue) shows a dip at 208 nm characteristic of alpha helices. A similar 

result was seen for Δ14AIDA1b (red); however, the spectra was less defined and clean, even 

with identical concentrations. In the superimposition of both spectra’s, seen in Figure 4.12C, 

AIDA1b displays lower mdeg values and more defined peaks however the overall trends, dips 

and peaks are highly similar.  

 Analysis of the raw results using BeStSel, presented a more definite picture of the 

potential secondary structures present in both proteins. AIDA1b, as seen in the raw CD spectra, 

is primarily composed of 53.7% a-helices. The other secondary structures shown in the BeStSel 

deconvolution was 34.4% right-twisted anti-parallel beta sheets, 3.2% parallel beta-sheets and 

19.8% turns. These values are consistent with the AlphaFold predicted structure of AIDA1b. An 

identical deconvolution was done on the raw secondary structure analysis of Δ14AIDA1b, which 

differed from AIDA1b, since the secondary structure was largely composed by regions that were 

undetectable by CD. These regions classified as other can also include 310 and π helices, or 

irregular loops/structures (Micsonai et al., 2018). However, it still has all the structures present in 

AIDA1b, 13.5% regular helix, 10.5% distorted helix, 4.6% right-twisted anti-parallel beta sheet, 

4.6% parallel beta-sheet, and 8.5% turn. The new additions include 54% other and 4.3% relaxed 

anti-parallel beta-sheet.  
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Figure 4.12. Analysis of AIDA1b and Δ14AIDA1b secondary structure using CD 
spectroscopy and BeStSel. (A) Secondary structure spectra for 3.5 µM AIDA1b with molar 
ellipticity measured over 200 – 260 nm at 22.0 °C. Results were normalized by subtracting the 
buffer (10 mM sodium phosphate – 7.5 mM Na₂HPO₄ and 2.4 mM NaH2PO₄) spectrum. (B) 
Secondary structure spectra for 3.5 µM Δ14AIDA1b with molar ellipticity measured over 200 – 
260 nm at 22.0 °C. Results were normalized by subtracting the buffer (10 mM sodium phosphate 
– 7.5 mM Na₂HPO₄ and 2.459mM NaH2PO₄) spectrum. (C) Superimposition of AIDA1b and 
Δ14AIDA1b secondary structure spectra. All experiments were done on a J-815 CD 
Spectrometer (Jasco). (D) Data deconvolution using BeStSel analysis to identify key secondary 
structures present for AIDA1b, shown in percentages using a pie graph. Results confirmed 
primarily a-helices, with equal amounts of b-sheets and turns. (E) Data deconvolution using 
BeStSel analysis to identify key secondary structures present for Δ14AIDA1b, shown in 
percentages using a pie graph. 
 
4.5 SEC-MALS-SAXS reveals similar 3D structures for AIDA1b and Δ14AIDA1b 

4.5.1 SEC-SAXS models for AIDA1b 

SEC-MALS-SAXS was done on AIDA1b and Δ14AIDA1b to determine a bead model 

for both proteins. The analysis for AIDA1b (Figure 4.13F) reveals an elongated protein, with a 

small extended region on either the N- or C-terminus. Further, the Guinier plot (Figure 4.13A) 

reveals an excellent r2 (close to 1.00), along with an even distribution of points along the line. 

The radius of gyration, Rg, is the average scattering distance from the proteins centre-of-mass, 

which in this case, is 34.3 Å. The normalized residual plot (Figure 4.13B) is localized around 0, 
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which means possible aggregation or small MW contaminants, such as imidazole, are unlikely. 

The pairwise distribution function, P(r), illustrates the paired electron distances found in the 

sample. The function is bell-shaped (Figure 4.13C), indicating a globular protein, and the plot 

gradually reaches 0 at 145, which will be the Dmax. The Dmax is the maximum distance between 

an electron pair in the sample, essentially, the maximum “width” of the protein. A Kratky plot is 

used to determine the degree of folding in a sample. For AIDA1b, the Kratky plot (Figure 4.13D) 

reveals a folded structure due to the bell curve nature of the plot. Upon looking at the Chi2 value, 

0.82 and controlling the Rg provided by the P(r) and Guinier functions to be near identical, the 

software indicated a reasonable structure solution would be provided. Furthermore, with an 

ambiguity score of 0.69, the 3D reconstruction will likely be unique. This, combined with a 

predicted MW of 46.2kDa, reveals that the bead model will ideally be an accurate representation.  
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Figure 4.13. SEC-MALS-SAXS analysis on AIDA1b. (A) Linear Guinier model to display 
scattering intensity, with a r2 of 0.98 and Rg = 34.33 Å. (B) Normalized residual from Guinier 
model shows random localization around 0 in a linear fashion, with slight upward curve, 
indicating potential aggregation. (C) Pairwise distribution function, P(r), plot showing a gradual 
approach to 0 at Dmax = 1145 Å. (D) Kratky plot showing folded nature of sample due to bell 
curve shape. (E) Experimental parameters. (F) A bead model of AIDA1b constructed using 
DAMFF/N in RAW and displayed in pyMOL. The predicted MW was 46.2kDa. Figure created 
in GraphPad PRISM. 
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4.5.2 SEC-SAXS models for Δ14AIDA1b 

Identical experimental parameters were used for Δ14AIDA1b. To begin, the Guinier plot 

(Figure 4.14A) reveals a better r2 than AIDA1b, 0.9953, along with a closer distribution of data 

points to the line of best fit. The radius of gyration, Rg, is 29.423 Å, and since this protein is 

2.5kDa smaller than AIDA1b, it is plausible that the average distance from the centre of mass 

will also be slightly reduced. Moreover, the normalized residual plot (Figure 4.14B) is again 

localized around 0. The P(r) function (Figure 4.13C) is bell-shaped, again indicating a globular 

protein, and the plot gradually reaches 0 at 124, the Dmax. Similar to above, since Δ14AIDA1b is 

missing 25 residues, the maximum “width” of the protein is also possibly reduced, since it might 

be missing a key aspect of its 3D structure. The Kratky plot (Figure 4.14D) Δ14AIDA1b 

confirms a folded structure due to the bell curve nature of the plot. Upon looking at the Chi2 

value, 0.8345 and controlling the Rg provided by the P(r) and Guinier functions to be near 

identical, the software indicated a reasonable structure solution would be provided. Furthermore, 

with an ambiguity score of 1.568, the 3D reconstruction will potentially be unique. This, 

combined with a predicted MW of 44.4kDa, reveals that the bead model will ideally be an 

accurate representation.  
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Figure 4.14. SEC-MALS-SAXS analysis on Δ14AIDA1b. (A) Linear Guinier model to display 
scattering intensity, with a r2 of 0.995 and Rg = 29.4 Å. (B) Normalized residual from Guinier 
model shows random localization around 0 in a linear fashion. (C) Pairwise distribution function, 
P(r), plot showing a gradual approach to 0 at Dmax = 124 Å. (D) Kratky plot showing folded 
nature of sample due to bell curve shape. (E) Experimental parameters. (F) A bead model of 
Δ14AIDA1b constructed using DAMFF/N in RAW and displayed in PyMOL. The predicted 
MW was 44.4kDa. Figure created in GraphPad PRISM.  
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4.5.3 Alignment of AIDA1b bead model to previously solved structures 

 To assess the accuracy of the bead model, and get a better overall structure, it was aligned 

to the AlphaFold predicted structure and previously solved domains. The predicted AlphaFold 

structure, using Uniprot Q7Z6G8, has Exon 14 as an a-helix, attached to the SAM domain 

tandem using an unstructured loop. This leads into the PTB domain using another unstructured 

loop. Using the CIFSUP tool in RAW, the bead model was reconstructed with alignment to the 

AlphaFold predicted structure, shown in Figure 4.15A. The resolved model showed a slightly 

compact model where the ridges follow the two domains, apart from the unstructured loop 

between the SAM domain tandem and PTB domain. The bead model was also fit with the PDB 

solution structures for the PTB domain (PDB: 2M38) and SAM1SAM2 domain tandem (PDB: 

2KIV) in pyMOL. Although the orientation for the alignment was different than the AlphaFold 

alignment, they still fit reasonably well in the 3D model. The N-terminal end did not have any 

structures fitted; however, this is likely because it would contain Exon 14.  
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Figure 4.15. Alignment of AIDA1b bead model to AlphaFold and PDB structures. (A) 
Refinement of AIDA1b bead model, green, using alignment to AlphaFold predicted structure, 
pink. The DAMFF/N tool in RAW was used. Uniprot: Q7Z6G8. (B) Manual alignment of 
AIDA1b bead model, green, using previously solved PTB (PDB: 2M38), purple, and 
SAM1SAM2 (PDB: 2KIV), orange, domain solution structures. PyMOL was used to overlay the 
structures. Figure created in GraphPad PRISM.  
 
4.5.4 Alignment of Δ14AIDA1b bead model to previously solved structures  

Similar to above, the bead model for Δ14AIDA1b was aligned to the AlphaFold 

predicted structure and previously solved domains to acquire a more accurate output. The 

predicted AlphaFold structure, using Uniprot ID Q7Z6G8, is missing the unstructured loop and 

Exon 14 a-helix at the N-terminus. However, the SAM domain tandem, connected to the PTB 

domain using an unstructured region is conserved in both predicted constructions. Using the 

DAMMIF/N tool in RAW, the bead model was reconstructed with alignment to the AlphaFold 

predicted structure, shown in Figure 4.15A. The resolved model showed a slightly compact 

model where the ridges follow the two domains, apart from the unstructured loop between the 
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SAM domain tandem and PTB domain. The bead model was also manually fit with the PDB 

solution structures for the PTB domain (PDB: 2M38) and SAM1SAM2 domain tandem (PDB: 

2KIV) in PyMOL. Although the orientation for the alignment was different than the AlphaFold 

alignment, they still fit reasonably well in the 3D model. Similar to AIDA1b, the N-terminal end 

has a slight extension which is not accounted for by manual superimposition. However, that 

extension is eliminated in Figure 4.16A, after alignment with the predicted AlphaFold structure.   
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Figure 4.16. Alignment of Δ14AIDA1b bead model to AlphaFold and PDB structures. (A) 
Refinement of Δ14AIDA1b bead model, green, using alignment to AlphaFold predicted 
structure, pink. The DAMFF/N tool in RAW was used. Uniprot: Q7Z6G8. (B) Manual alignment 
of Δ14AIDA1b bead model, green, using previously solved PTB (PDB: 2M38), purple, and 
SAM1SAM2 (PDB: 2KIV), orange, domain solution structures. PyMOL was used to overlay the 
structures. Figure created in GraphPad PRISM.  
 
4.5.5 Superimposition of AIDA1b and Δ14AIDA1b bead models 

To compare the structure of both proteins, the CIFSUP ASTRA extension was used to 

superimpose the bead models (Figure 4.17C and Figure 4.17D). Figure 4.17C shows the raw 

beads models superimposed, whereas Figure 4.17D is superimposition after alignment with the 

predicted AlphaFold structures. The result showed a very similar structure for both proteins in a 

3D space, with the key difference being a small extended region on AIDA1b. This can be 

explained by structural due to presence of Exon 14. A direct explanation would be that Exon 14 

is present at the N-terminus of this protein, and thus, that portion is now missing from the 

mutant, causing it to be slightly smaller. 
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An SDS-PAGE gel to verify the protein size in relation to each other is shown in Figure 

4.15B. Δ14AIDA1b, lane 3, is 2.8kDa smaller than AIDA1b, lane 2, which is visible when 

comparing to the ladder, lane 1. The protein sequence for AIDA1b, Figure 4.17A, is composed 

of 420 residues, including the 25 amino acid sequence for Exon 14. The Exon 14 sequence, 

shown in red (Figure 4.15C), is primarily amphipathic, with an equal number of hydrophilic and 

hydrophobic residues.  

 
 
 
Figure 4.17 Superimposition of AIDA1b bead models. (A) Amino acid sequence for AIDA1b, 
with Exon 14 coloured in red. Exon 14 is deleted in Δ14AIDA1b. (B) SDS-PAGE for size 
comparison of AIDA1b, 47.5 kDa, and Δ14AIDA1b, 44.7 kDa. (C) Superimposition of AIDA1b, 
blue, and Δ14AIDA1b, pink, using cifsup ASTRA extension. (D) Superimposition of refined 
AIDA1b, blue, and Δ14AIDA1b, pink, bead models after alignment with AlphaFold predicted 
structures.  
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4.5.6 SEC-MALS analysis for AIDA1b and Δ14AIDA1b 

 The SEC-MALS data was analyzed concurrently with the SAXS data to provide an 

accurate model of AIDA1b structure and oligomerization using ASTRA 7 software. The results 

revealed that AIDA1b was predicted to have a molecular weight (MW) of 47.25kDa ± 

0.02300%, which is near the MW predicted by Expasy, 47.4kDa. The R2 = 0.4266, likely lower 

because of small MW aggregates at earlier time frames and the inherent inaccuracy of small 

angle diffractors. The hydrodynamic radius was 4.03nm ± 0.0600nm, with a higher R2 = 0.9981. 

On the other hand, Δ14AIDA1b was shown to have a MW of 42.02kDa ± 0.01200%, which is 

slightly lower than the Expasy predicted of 44.6kDa. However, the hydrodynamic radius for both 

proteins was quite similar because Δ14AIDA1b’s was 4.01nm ± 0.0600nm. This reaffirms the 

accuracy of both models since a deletion of 25 amino acids should not cause an astronomical 

change in MW or hydrodynamic radius. In addition, this confirms that AIDA1b likely exists in 

monomeric form.  
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Figure 4.18 SEC-MALS determination of AIDA1b and Δ14AIDA1b structural parameters. 
(A) Molar mass determination reveals a predicted molecular weight of 47.25kDa ± 0.023% for 
AIDA1b upon plotting of differential refractive index (RIU), red, and derived molar mass 
(g/mol), blue. (B) The hydrodynamic radius was solved to be 4.03nm ± 0.06nm, upon plotting of 
differential refractive index (RIU), red, and derived molar mass (g/mol), green for AIDA1b. (C) 
The molar mass of Δ14AIDA1b was experimentally determined to be 42.02kDa ± 0.012%, with 
the plot showing differential refractive index (RIU), red, and derived molar mass (g/mol), blue. 
(D) Hydrodynamic radius of Δ14AIDA1b was 4.01nm ± 0.06nm after plotting of differential 
refractive index (RIU), red, and derived molar mass (g/mol), green. Experimental data was 
analyzed in ASTRA 7 (Wyatt) and plotted using GraphPad PRISM.  
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CHAPTER 5: DISCUSSION 
 
5.1 AIDA1b is autoinhibited by Exon 14  

 There are several hypotheses that have been presented since the discovery of AD to 

explain its progression, development, and origin. These include: the amyloid hypothesis, 

cholinergic hypothesis, Tau propagation hypothesis, mitochondrial cascade hypothesis, 

neurovascular hypothesis, etc (Liu et al., 2019). Although no hypothesis has been proven to be 

the sole initiator of AD, there have been promising results shown in clinical trials. AIDA1, 

although not directly implicated with AD, has been shown to interact with APP, apart from one 

isoform – AIDA1b. For example, AIDA1a has been highly found in the nucleus, however, upon 

transfection with AICD of APP it colocalizes to the cytoplasm (Ghersi et al., 2004). In a similar 

sense, understanding AIDA1b’s lack of interaction with APP can be vital to AD hypotheses. As 

a result, this thesis used fluorescence anisotropy and biolayer interferometry to investigate 

autoinhibitory properties of Exon 14 against the PTB domain.  

 

Figure 5.1 Schematic of AIDA1b auto-inhibition. Enlarged structural image of AIDA1b 
(Uniprot #Q7Z6G8), to show hypothesized structural inhibition of PTB domain using Exon 14. 
Structures visualized in pyMOL using a rainbow colour scheme (blue = N-Terminus, red = C-
terminus), and figure created in BioRender.  
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 The FA and BLI provided a preliminary confirmation that Exon 14 was directly causing, 

or at least involved in, the inability of AIDA1b to bind APP using its PTB domain. Previous 

work by the Donaldson laboratory showed that Exon 14 peptides, fusions of Exon 14 to the 

adjacent SAM domains and fusions of Exon 14 directly to the PTB domain were insufficient to 

inhibit the PTB domain. In the latter case, a comparison of PTB 1H-15N HSQC spectra with Exon 

14-PTB domain spectra did show some minor chemical shift changes suggesting that Exon 14 on 

its own may weakly contact the PTB domain. In AIDA1b’s primary structure, Exon 14 is present 

at the N-terminus of the SAM1SAM2 domain tandem, however, it is predicted that in the 

tertiary/quaternary structure, Exon 14 can interact with or block the PTB interaction site. Using 

the folded proteins, the PTB domain independently bound APP peptides with a Kd of 7.5 µM 

using FA and 5.8 µM using BLI. Although this is not as strong as some widely known protein-

protein interactions, it can be considered moderate affinity. Like the PTB domain alone, 

Δ14AIDA1b also showed binding to APP, with a Kd = 12.5 µM for FA and 7.8 µM for the BLI.  

 Exon 14 encodes a 25 amino acid sequence, IDKIMSSIDVGINNELKEMNGETTR, with 

12 hydrophobic and 13 hydrophilic residues. The amphipathic nature of this region can make it 

hard to predict how it may interact with PTB, however, surface exposed and buried residues can 

be predicted. It is also possible that Exon 14 does not directly engage with the PTB, meaning that 

there is no binding interaction happening, rather, the 3-dimensional folding of AIDA1b lends it 

to blocking the PTB active site. For example, the X11/Mint1 adaptor proteins are also binders of 

APP, as discussed in the introduction (Matos et al., 2012). However, they can also be 

autoinhibited from partaking in APP binding due to an C-terminal a-helical linker that folds 

back into the PTB domain (Matos et al., 2012).  
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 APP has a YENPTY sequence that is used to interact with PTB, and such residues are 

missing from Exon 14. In experimentally determined PTB-APP complexes and AlphaFold 

models of the AIDA1b PTB-APP complex, the APP ligand adopts a b-strand configuration to 

complement the b-sheet in the PTB domain. In contrast, the first ten amino acids of Exon 14 are 

predicted to form an amphipathic a-helix.   

 Some AlphaFold models position a helical Exon 14 in the same position as a canonical 

YENPTY ligand possibly due to the way AlphaFold was trained on sequences. Contacts between 

the helical Exon 14 segment and the PTB domain in the model are not as extensive as a 

YENPTY ligand suggesting that other sequences in Exon 19 for example, may also contribute to 

a steric blocking of the APP binding cleft.   
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Figure 5.2. Predicted complex formation of the PTB domain with APP and Exon 14. 
AlphaFold Multimer was used to computationally predict the binding complex of PTB with APP, 
and PTB with Exon 14, with unbound structures superimposed. An enlarged image of the NPTY 
motif, vital for PTB-APP binding, is shown in stick form with hydrogen bonds shown in lime 
green. No polar or nonpolar contacts were found for the Exon 14 and PTB complex. A legend is 
provided in the bottom right. PTB (PDB: 2M38), APP (Uniprot: P05067), and Exon 14 (Uniprot: 
Q7Z6G8). Structures were visualized in pyMOL, and figure was created in GraphPad Prism.  
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5.2 The stability of AIDA1b is not significantly impacted by Exon 14 

 The thermostability of AIDA1b protein fragments was assayed using DSF, CD, and DSC. 

On average, the Tm across all buffer species was ~59 – 60 °C, with the exception being [50 mM 

MES, 100 mM NaCl, pH 5.5]. Since another buffer condition already had 50mM MES and 100 

mM NaCl, it is reasonable to conclude that the pH was the largest impact factor in reducing 

AIDA1b and Δ14AIDA1b stability. As the Tm was about 8 °C less than its counterpart with pH 

6, a plausible explanation is that a pH of 5.5 is almost a 101-decrease compared to the respective 

pI’s of AIDA1b, 6.17, and Δ14AIDA1b, 6.40. The >1 unit decrease in buffer pH likely caused 

the protein to be charged, rather than neutral. The overall positive charge can influence ionizable 

groups, implicating key bonding interactions that aid in protein tertiary and quaternary structure 

(Russell & Warshel, 1985). The buffers with notable differences between AIDA1b and 

Δ14AIDA1b Tm were [50mM MOPS, pH 7], [50mM sodium citrate, pH 7], [50mM sodium 

citrate, pH 8], [50mM Tris, pH 8] and PBS, with all buffers having 100mM NaCl. The most 

notable difference between AIDA1b and Δ14AIDA1b, where there is a ~4°C increased Tm for 

Δ14AIDA1b (p < 0.0001) is PBS. The key addition to PBS would be phosphates, which the 

other buffer conditions lack. The presence of phosphate is believed to reduce unfavourable 

interactions between like-charges, which essentially allows for increased number of surface-

exposed residue conformations (Fayos et al., 2005). By optimizing charge distribution, it allows 

for improved solvation of the protein (Fayos et al., 2005). The addition of all buffers that were 

pH 8 again reinforces the impact of pH on the stability of AIDA1b. A pH of 8 is >1 unit higher 

than the predicted pI’s of these proteins, which would render them negatively charged and 

potentially cause unfavourable interactions between charged residues. Overall, there is no 

significant change in the thermostability AIDA1b after Exon 14 deletion because no protein is 
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consistently higher in each buffer condition. Rather, each protein has its own ideal buffer 

condition, and there is no pattern for which protein is found to be higher in Tm. This would 

suggest that the 25-residue sequence does not engage in interactions or structures that play a 

prominent role in the thermostability of AIDA1b.  

 The results of the CD study showed an identical melting point for both proteins, again, 

reinforcing the conclusion that Exon 14 does no play a significant role in the thermostability of 

AIDA1b. The DSC study concurred with the CD study with a Tm of 57.85 ± 0.31°C for AIDA1b 

and 59.36°C ± 0.07°C for Δ14AIDA1b. Although the difference in Tm with and without Exon 14 

is significant in PBS, the DSF results have shown this trend is not conserved across buffer 

conditions, thus, it would be inaccurate to conclude that Exon 14 significantly decreases the 

thermostability of AIDA1b. The enthalpy changes in the AIDA1b unfolding reaction was 399.79 

kJ ± 6.74 kJ with Exon 14 and 486.10 kJ ± 41.29 kJ without Exon 14. The enthalpy change, ΔH, 

refers to quantifying the heat change in the endothermic process of breaking non-covalent bonds 

in the protein (Gill et al., 2010). It is known that a larger protein will typically have a greater 

enthalpy change due to having more bonds, however, it is also possible that a protein is partially 

unfolding before its denaturation is measured (Gill et al., 2010). As such, it is plausible that 

Δ14AIDA1b is more stable since it is a smaller protein but, requires a greater amount of energy 

to unfold. Similarly, the entropy, DS, and DG are both higher for Δ14AIDA1b, which represents 

a greater number of conformations available due to higher disorder of the protein in PBS 

(Bigman & Levy, 2020). These results combined can conclude that the removal of Exon 14 

makes AIDA1b more thermodynamically stable, however, it is exclusive to PBS buffer.  
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5.3 AIDA1b structure is largely conserved regardless of Exon 14 presence or absence  

 Another application of CD is acquiring data that resolves the secondary structure of a 

protein. In this case, AIDA1b and Δ14AIDA1b molar ellipticity was measured across the far UV 

spectral range. To get a better understanding of the secondary structure, the raw data was 

deconvoluted in BeStSel. The provided spectra showed a 53.7% total composition of a-helices, 

which is consistent with the AlphaFold structural prediction of AIDA1b. Furthermore, there is a 

small percentage of b-sheets, 26.6%, which, again, is consistent with the predicted and solved 

AIDA1b domain structures of the PTB domain and SAM1SAM2 domain tandem. This would 

also confirm that the AlphaFold prediction can be improved due to the several disordered regions 

shown, whereas the CD analysis shows measurable structures in the whole protein. On the other 

hand, the secondary structure of Δ14AIDA1b still showed a dominant percentage of a-helices, 

albeit half of that compared to AIDA1b. Moreover, the percentage of b-sheets is nearly identical, 

but there is a novel addition of “other”. The other in this case can refer to irregular loops, 310 

helix, bends, p-helix, and b-bridges (Micsonai et al., 2018). These structures refer to regions that 

are possibly not detectable or resolvable by CD (Micsonai et al., 2018). Overall, the CD spectra 

suggest that the secondary structures of AIDA1b and Δ14AIDA1b are similar since there is only 

25 amino acids difference between the two proteins. Exon 14 may contribute a helix, but it does 

not appear to contribute to any major global secondary structural changes.  

 SEC-MALS-SAXS was used to determine a low resolution 3D structure for AIDA1b and 

Δ14AIDA1b. SEC, refers to size-exclusion chromatography that is performed before small-angle 

x-ray scattering (SAXS) (Ogawa & Hirokawa, 2018). MALS (multi-angle light scattering) 

provides an independent assessment of the protein molecular weight and potential 

oligomerization (Ogawa & Hirokawa, 2018). A Guinier fit of the SAXS dataset provides 
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information about the quality of the data and the radius of gyration, Rg. With a qRg of ~1.3, 

AIDA1b and Δ14AIDA1b are both predicted to have globular characteristics. The derived 

normalized residuals, although localized around 0, appear to show a slight upward turn which is 

indicative of aggregation. This compliments the previous conclusion about AIDA1b being 

unstable, and easily aggregating in non-optimal conditions. There was no downward curve in the 

Guinier fit and normalized residuals that would indicate interparticle interactions and repulsions. 

The bell-shaped curve of the P(r) function and Kratky plot indicate AIDA1b was folded and 

globular during data collection. The bead model shows a slightly elongated model, with a slight 

protrusion at the predicted N-terminus. After alignment to the AlphaFold predicted structure, 

Figure 4.16A, the two domains, PTB and SAM1SAM2 tandem, fit reasonably well, apart from 

the unstructured linker region. Thus, it is plausible that since the linker region is unsolved, 

AlphaFold is unable to make an accurate prediction about its structure due to a lack of homologs. 

Instead, the PTB and SAM tandem structures were modeled into the SAXS determined volume.. 

Since SEC-MALS-SAXS is done in solution, the protein is rotating, and thus, some extensions 

seen in the bead model, may be representative of the dynamic protein.   

 From the SAXS analysis of Δ14AIDA1b, the normalized residuals show no upward or 

downward trend, eliminating risk of aggregation or interparticle repulsion. Similar to the Rg, the 

Dmax is also smaller, only 124 Å, which would be supported by the fact that Exon 14 is deleted at 

the N-terminus and may be an extended/disordered region. Since the P(r) and Kratky plots 

confirm a folded and globular sample, the bead model is likely an accurate representation of 

Δ14AIDA1b in solution. Manual fitting with the solution structures of the PTB domain and 

SAM domain tandem was not achieved possibly due to the dynamic linkers found between these 

domains.  
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The variation between the AIDA1b and Δ14AIDA1b bead models can also possibly be 

due to alterations in three-dimensional folding caused by the presence or absence of Exon 14. 

For example, the absence of Exon 14 may be causing alterations in intramolecular bonding, 

which changes how the PTB domain and SAM1SAM2 domain tandem are folded relative to 

each other. A detailed structural analysis would provide insight to whether variations in folding 

truly exist, and how it possibly impacts the autoinhibition of AIDA1b.   
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CHAPTER 6: CONCLUSIONS AND FUTURE WORK 

AIDA1 is present in the cerebral cortex and hippocampus, suggesting a role in the 

development of memory, and learning systems (Carbonell et al., 2019). Most notably, AIDA1 is 

known to interact with the AICD peptide of APP, a protein hypothesized to be the foundation for 

AD development. Since AIDA1b is the lone isoform unable to interact with APP, it can provide 

insight into perhaps regulating abnormal APP cleavage. This suggests that molecular studies of 

AIDA1 are necessary to fill knowledge gaps in our understanding of neurodegenerative disease.  

This thesis investigated the structural and functional properties of AIDA1b, the only 

isoform that retains Exon 14. The use of fluorescence anisotropy and biolayer interferometry 

provided detailed insight to the role of Exon 14 in the auto-inhibition of AIDA1b. Since APP is a 

protein partner, AIDA1b can plausibly be involved in the amyloid precursor hypothesis of AD. 

Furthermore, the use of CD, DSC, and DSF aided in concluding that although Exon 14 provides 

an important functional role, it does not play a role in the thermal or chemical stability of 

AIDA1b. A follow up SAXS study also supports this conclusion, in a structural context. 

 This thesis work may be extended by further deletion analysis to determine if the SAM 

domains and the sequence encoded by Exon 19 partner with Exon 14 to achieve inhibition of the 

PTB domain. By identifying the minimal number of determinants for the inhibition of the PTB 

domain, the possibility of determining a high-resolution structure by NMR or X-ray methods 

increases. Exon 14 may be subjected to a substitution analysis to determine which amino acids 

contribute to inhibition. Since the way in which Exon 14 contributes to PTB domain inhibition is 

novel, a high-resolution structure will have significant impact on the structural biology field. 
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CHAPTER 8: APPENDICES 
 
8.1 Appendix A – Amino acid sequences for studied proteins 

8.1.1 AIDA1b 

10 20 30 40 50 
MGSGTIDKIM SSIDVGINNE LKEMNGETTR PRCPVQTVGQ WLESIGLPQY 

60 70 80 90 100 
ENHLMANGFD NVQFMGSNVM EDQDLLEIGI LNSGHRQRIL QAIQLLPKMR 

110 120 130 140 150 
PIGHDGYHPT SVAEWLDSIE LGDYTKAFLI NGYTSMDLLK KIWEVELINV 

160 170 180 190 200 
LKINLIGHRK RILASLGDRL HDDPPQKPPR SITLREPSGN HTPPQLSPSL 

210 220 230 240 250 
SQSTYTTGGS LDVPHIIMQG DARRRRNENY FDDIPRSKLE RQMAQTGDWG 

260 270 280 290 300 
EPSITLRPPN EATASTPVQY WQHHPEKLIF QSCDYKAFYL GSMLIKELRG 

310 320 330 340 350 
TESTQDACAK MRANCQKSTE QMKKVPTIIL SVSYKGVKFI DATNKNIIAE 

360 370 380 390 400 
HEIRNISCAA QDPEDLSTFA YITKDLKSNH HYCHVFTAFD VNLAYEIILT 

410     
LGQAFEVAYQ LALQARKLE    

Number of amino acids: 419 
Molecular weight: 47350.92 Da 
pI: 6.17 
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8.1.2 Δ14AIDA1b 

10 20 30 40 50 
GSGTPRCPV QTVGQWLESI GLPQYENHLM ANGFDNVQFM GSNVMEDQDL 

60 70 80 90 100 
LEIGILNSGH RQRILQAIQL LPKMRPIGHD GYHPTSVAEW LDSIELGDYT 

110 120 130 140 150 
KAFLINGYTS MDLLKKIWEV ELINVLKINL IGHRKRILAS LGDRLHDDPP 

160 170 180 190 200 
QKPPRSITLR EPSGNHTPPQ LSPSLSQSTY TTGGSLDVPH IIMQGDARRR 

210 220 230 240 250 
RNENYFDDIP RSKLERQMAQ TGDWGEPSIT LRPPNEATAS TPVQYWQHHP 

260 270 280 290 300 
EKLIFQSCDY KAFYLGSMLI KELRGTESTQ DACAKMRANC QKSTEQMKKV 

310 320 330 340 350 
PTIILSVSYK GVKFIDATNK NIIAEHEIRN ISCAAQDPED LSTFAYITKD 

360 370 380 390  
LKSNHHYCHV FTAFDVNLAY EIILTLGQAF EVAYQLALQA RKLE 

Number of amino acids: 394 
Molecular weight: 44560.77 Da 
pI: 6.40 
 

8.1.3 PTB5M 

10 20 30 40 50 
MSTPVQAAQH HPEKLIAQSC DYKAFYLGSM LIKELRGTES TQDACAKMRA 

60 70 80 90 100 
NCQKSTEQMK KVPTIILSVS AKGVKFIDAT NKNIIAEHEI RNISCAAQDP 

110 120 130 140 150 
EDLSTFAYIT KDLKSNHHYC HVFTAFDVNL AYEIILTLGQ AFEVAYQLAL 

     
QARKLE     

Number of amino acids: 156 
Molecular weight: 17469.08Da 
pI: 7.00 
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8.1.4 Ubiqutin-APP36 

10 20 30 40 50 
MAWSHPQFEK GGGSGGGSGG SAWSHPQFEK MQIFVKTLTG KTITLEVEPS 

60 70 80 90 100 
DTIENVKAKI QDKEGIPPDQ QRLIFAGKQL EDGRTLSDYN IQKESTLHLV 

110 120 130 140  
LRLRGLVPRG SLEDAAVTPE ERHLSKMQQN GYENPTYKFF EQMQNRS 

Number of amino acids: 147 
Molecular weight: 16488.53 Da 
pI: 6.43 
 

8.1.5 GST-APP 

10 20 30 40 50 
MSPILGYWKI KGLVQPTRLL LEYLEEKYEE HLYERDEGDK WRNKKFELGL 

60 70 80 90 100 
EFPNLPYYID GDVKLTQSMA IIRYIADKHN MLGGCPKERA EISMLEGAVL 

110 120 130 140 150 
DIRYGVSRIA YSKDFETLKV DFLSKLPEML KMFEDRLCHK TYLNGDHVTH 

160 170 180 190 200 
PDFMLYDALD VVLYMDPMCL DAFPKLVCFK KRIEAIPQID KYLKSSKYIA 

210 220 230 240 250 
WPLQGWQATF GGGDHPPKSD MLEDAAVTPE ERHLSKMQQN GYENPTYKFF 

     
EQMQNRS     

Number of amino acids: 257 
Molecular weight: 30131.76 Da 
pI: 5.71 
 
 


