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Abstract  

Amyloidosis refers to structural disorders induced by protein misfolding and self-assembly 

towards β-sheet rich amyloid fibrils. Amyloidosis of human islet amyloid polypeptide (IAPP), 

amyloid-β (Aβ), tau and α-synuclein (αS) is a hallmark of type 2 diabetes (T2D) and 

neurological disorders including Alzheimer’s disease (AD) and Parkinson’s disease (PD). For 

AD, specifically, formation of intracellular tangles and extracellular plaques of tau and Aβ is 

coupled with the toxicity resulted from amyloidosis as well as inflammation, implicating a 

close relationship between Aβ amyloidosis and immunopathology for the disease.  

Different mechanisms have been proposed for the amyloid induced toxicity. One of the well-

established mechanism structural conversation. Indeed, upon the structure of amyloids 

transform from monomer to oligomer/fibril the toxicity increase dramatically.  Current main 

strategies against amyloidosis employ small molecules, chaperone proteins or engineered 

nanomaterials, to regulate interactions with amyloid proteins through hydrogen bonding, 

hydrophobic interaction or π-π stacking. Oligomers and protofibrils, among all forms of 

amyloid protein aggregates, are known to be the most toxic species. The toxicity induced by 

protein fibrillation originates from structural transitions from random to alpha helical and β-

sheet conformations, usually initiated by association of the N-terminus of amyloid proteins 

with cell membranes. Associations of oligomers and protofibrils with cell membranes may 

induce porosity and altered fluidity of the membranes, influence concentration gradients of 

physiological ions and cellular response to produce reactive oxygen species (ROS), autophagy 

and apoptosis. During the structural transformation of proteins, oligomers and protofibrils form 

chiral mesoscopic structures, a feature which has rarely been exploited in the development of 

therapeutics against amyloid diseases. On the other hand, although NPs have been introduced 

to mitigate the toxicity of amyloid proteins, the effects of nanoparticle inhibitors on 

intracellular protein expression and regulation remain largely unknown.  
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The main body of this thesis consists of three chapters. In the first chapter, the immune blood 

cells association and cytokine secretion upon cell exposure to oligomeric and fibrillar Aβ was 

investigated. The effect of the plasma protein corona on amyloid protein-cell interaction was 

determined. Experiments indicate changes in membrane association between whole blood and 

washed blood (i.e., without plasma proteins) were minor for Aβ oligomers and significant for 

Aβ fibrils across all immune cell types. Based on real-time measurement by a localized surface 

plasmon resonance sensor, exposure of immune cells to Aβ oligomers resulted in elevated 

expressions of cytokines IL-6 and TNF. However, exposure of immune cells to Aβ fibrils did 

not induce notable cytokine secretion. This stronger immune cell association and cytokine 

stimulation of Aβ oligomers over fibrils is an evidence on the contrasting toxicities of 

oligomeric versus fibrillar structures resulting from their differential capacities in binding with 

plasma proteins to render a corona. These observations on immune cell association and 

cytokine secretion support a connection between Aβ amyloidosis and immunopathology in AD.  

Further research on the fundamentals of amyloid diseases was followed by an investigation of 

the mitigation of amyloid protein toxicity with nanoparticles (NPs). In this study, for the first 

time, chiral silica nanoribbons were applied to ameliorate the in vivo amyloidogenesis of IAPP. 

Chiral silica nanoribbons, especially the right-handed ones, accelerated IAPP fibrillization 

through elimination of their nucleation phase and shortening of their elongation phase. The 

directional binding between the NPs and IAPP was further examined through coarse-grained 

simulations. Reduction of IAPP toxicity in pancreatic β cells as well as improvement of embryo 

survival, development and behaviour of treated zebrafish were observed with right-handed 

silica nanoribbons, which targeted the primarily left-handed IAPP aggregates. These results 

demonstrated the potency of chiral nanostructures against the enantioselectivity of amyloid 

proteins, as well as the use of zebrafish embryos as a high-throughput in vivo model for probing 

the interactions of different nanostructures and amyloid proteins.  
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While NPs have shown effectiveness to various extent against protein aggregation and toxicity, 

changes induced by NP inhibitors on intracellular protein expression exposed to amyloid 

proteins have not been documented. In the following chapter, the proteome of pancreatic β cells 

upon exposure to monomeric, oligomeric and fibrillar IAPP structures was analysed. This was 

followed by an introduction of graphene quantum dots (GQDs), known as the inhibitor of IAPP 

fibrillation, to mitigate cellular protein dysregulation. Briefly, 29 proteins were significantly 

dysregulated after beta cell exposure to IAPP species, with majority of them nucleotide-binding 

proteins. Upon introduction of GQDs, mitigation of protein expression, especially in exposure 

to the toxic oligomeric structures, was observed. This study implicated the capacity of GQDs 

in regulating protein expression through hydrogen bonding and hydrophobic interactions and 

pointed to nanomedicines as a new frontier against human amyloid diseases. 
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1. Introduction 

Molecular self-assembly, as a result of electrostatic interaction, hydrogen bonding and π–π 

stacking, is of central importance to biology. To reach desired configuration, structure and 

function, a delicate balance of forces in polypeptide chains and between the polypeptides and 

surrounding molecules is required.1,2 As a result of these interactions, molecular self-assembly 

of the polypeptide can proceed spontaneously, through cradle to grave of the cell. This 

biophysical phenomenon plays a significant role in the origin of a wide range of diseases.3-5 In 

the cell, molecular self-assembly is exemplified by the configuration of the lipid bilayer 

membrane, the architecture of DNA and histones into chromatin, or the polymerisation of 

tubulins and actins into microtubules and actin filaments.6 During the folding process, reaching 

the lowest free energy is a deciding factor in forming proper final structure of the peptide along 

different pathways on the energy landscape. The conformational plasticity of the structures 

allows a protein to function properly, but at the same time can result in protein malfunction and 

diseases.1,2,6,7As part of biomolecular self-assembly, proteins and peptides, the key elements of 

living systems, undergo self-organisation and self-replication through controlled molecular 

interactions, which begin as aggregation of monomeric peptides and proteins to toxic 

oligomers, followed by protofibrils and amyloid fibrils and plaques.8 Spontaneous conversion 

of soluble proteins or their fragments into cross-beta sheets of fibrils leads to protein 

“misfolding diseases”, or the so-called “amyloid diseases”, such as type 2 diabetes (T2D), 

Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD), Prions, 

arthritis, and atherosclerosis.2 The pathologies of these disorders are in strong association with 

the self-assembly of amyloid proteins such as amyloid-β (Aβ), tau, α-synuclein (αS) and human 

islet polypeptide (IAPP) (Fig. 1). In general, protein fibrillation starts with a lag phase, 

followed by an elongation phase where proteins assemble into toxic oligomers and aggregates. 

The final stage is formation of mature tube-like helical fibrils comprising β-sheet structures in 

https://www.sciencedirect.com/topics/engineering/electrostatics
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the saturation phase.6,9 Although the molecular mechanism of the monomeric to fibrillar form 

transition is poorly understood, it has been shown that the oligomers, instead of the fibrillar 

deposits, are the most toxic species derived from the intermediate aggregation pathway.6,10-12 

In vitro, the development of amyloids and plaques depends on the type of the polypeptide, 

which can occur within hours or days. However, in vivo, fibrillar formation in the brain or 

pancreatic islets often takes decades. The important factors in determining the lengths of the 

lag time and rate of fibrillar growth include the initial concentration of the polypeptide, pH, 

seeding molecules, and catalysing surfaces.13,14  

My PhD research concerned the mitigation of amyloid protein aggregation, such as Aβ and 

IAPP amyloidisis associated with AD and T2D. My first study implicated a close connection 

between Aβ amyloidosis and immunopathology in AD. My two separate studies demonstrated 

the potential of employing nanotechnologies against the mesoscopic enantioselectivity of 

amyloid proteins and their associated toxicity in an embryonic zebrafish model, and potency 

of NPs in mitigating protein dysregulation in pancreatic beta cells exposed to toxic IAPP 

species.  

 

 

 

 

 

Figure 1. Fibrillation mechanisms of amyloid proteins and their pathological implications for 

amyloid diseases. The association of self-assembled toxic peptide structures with cell 

membranes result in ER (endoplasmic reticulum) stress, ROS (reactive oxygen species) 

production, apoptosis and cell degeneration. Aβ: amyloid-beta; IAPP: islet amyloid 

polypeptide; αS: alpha-synuclein; PrP: prion protein. Reproduced with permission from Ke et 

al.6  
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1.1. Amyloid diseases  

1.1.1.  Alzheimer’s disease (AD) 

Alzheimer’s disease (AD) is a neurodegenerative disorder and the main cause of dementia. 

With the aging global population, this disease has become an epidemic grown substantially 

over the years in burden but with no cure available.15-17 The underlying pathology of AD is the 

loss of synapses and neurons in the cerebral cortex and subcortical regions, which leads to 

generalised atrophy of the brain in the temporal and parietal lobes, frontal cortex and cingulate 

gyrus. Studies have shown degenerative atrophy in the nuclei of the brain stem and locus 

coeruleus. AD is also associated with mitochondrial abnormalities, unbalanced cell cycle and 

inflammatory reactions.18,19 Granulovacuolar degeneration in the hippocampus and atrophic 

degeneration in the brain stem have been reported via magnetic resonance imaging and positron 

emission tomography in AD patients.20 In addition, metals during exposure may play as seeds 

or nucleation cores to facilitate the formation of amyloid deposits.21-23 Although many studies 

have been conducted on AD, the aetiology of the disease remains controversial. It has been 

proved that the high level of Aβ is a main cause of AD.24 These observations on the 

neurotoxicity effect of fibrillar Aβ and its role for the pathogenesis in AD led to the ‘amyloid 

hypothesis’, which has been a main paradigm guiding research on AD during the past decades. 

In this case, precipitation of Aβ into plaques represents the presence of toxins in the brain.25-27 

Amyloid precursor protein (APP) is expressed in various tissues as an essential membrane 

protein, and is concentrated in the synapses of the brain as a regulator of synapse formation. 

Sequential cleavages of APP by β-secretase and then by γ-secretase lead to the production of 

Aβ,28,29 which appears in two major forms of Aβ1-40 and Aβ1-42 (Fig.2). Compared to Aβ1-

40, the two additional amino acids of isoleucine and alanine at the C-terminus of Aβ1-42 result 

in a more hydrophobic structure and, therefore, a higher tendency in aggregation and 

significantly higher cytotoxicity.6 Secretion of Aβ into extracellular fluids may lead to self-
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aggregation of the peptide.26 The peptide can then diffuse into the cerebrospinal fluid or 

coalesce as a diffuse plaque. Aggregation of disordered proteins increases β-sheet secondary 

structure and alter the balance between the peptide production and clearance. Accumulation of 

Aβ and phosphorylated tau in the brain are associated with many neurodegenerative diseases, 

including AD.25,30  

 

 

 

 

 

 

 

 

 

 

Figure 2. Aβ results from cleavage of amyloid precursor protein (APP) by β and γ-secretases. 

The process related to non-amyloidogenic APP (blue panel) cleaved by α and γ-secretases leads 

to formation of sAPPα and C-terminal fragments of CTF 83, p3 and AICD50. The process in 

association with amyloidogenic APP pathway (red panel) results in sAPPβ, C-terminal 

fragments of CTF 99, CTF 89 and Aβs. Fibrillation of Aβ (left side) is related to AD pathology. 

Reproduced with permission from Chow et al.31  

 

Accumulation of Aβ in the brain induces loss of neurons, synapses and microglia. This 

phenomenon is also associated with compromised blood-brain barrier and function of choroid 

plexus, as well as hepatic failure. Interestingly, recent research strongly emphasises the role of 

neuroinflammation in the pathogeneses of AD and other neurodegenerative conditions. The 

involvement of immune system is certainly not limited to neuroinflammation in the brain but 

also generation of immune signals outside the brain per clinical studies.32  

1.1.2. Type 2 Diabetes Mellitus (T2DM)   
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Diabetes as a group of metabolic diseases is characterized by hyperglycemia, resulting from 

autoimmune destruction of pancreatic β-cells with consequent insulin deficiency, which is due 

to either a decrease in insulin secretion or increased cell resistance to insulin. The chronic 

hyperglycemia of diabetes is known as one of the main causes of the disease and is associated 

with long-term dysfunction and failure of organs, especially the eyes (blurred vision or 

blindness), kidneys, myocardial infarction, nerves, blood vessels, high cardiovascular risk and 

stroke. In general, there are two primary forms of diabetes: type 1 diabetes mellitus (T1DM) 

with autoimmune destruction of β-cells in insulin secretion, and type 2 diabetes mellitus 

(T2DM) with insulin resistance followed by metabolic syndromes such as obesity, high blood 

pressure, high blood sugar and high serum triglycerides. While T1DM accounts for 5–10% of 

those with diabetes, T2DM is a global epidemic plaguing 90-95% of all diabetic patients, and 

the burden of the disease is projected to reach 439 million by 2030.33-36 Genetic and 

environmental factors together play important roles in insulin resistance and β-cell dysfunction 

associated with T2DM. Peripheral insulin resistance, compensatory β-cell expansion and 

hyperinsulinaemia result in a higher demand for insulin, known as the core factor of T2DM.37,38 

Insulin deficiency gradually leads to gluco-toxicity of β-cells and, consequently, dysfunction 

and mass reduction of β-cells due to apoptosis (Fig. 3).38,39
 

Obese euglycaemic people require increased insulin secretion to maintain normal glucose 

tolerance (euglycaemic hyperinsulinaemia), due to the result of having ~30% reduced insulin 

sensitivity. Over time, this may be followed by a further drop in insulin sensitivity with no 

association to compensatory hyperinsulinemia and, therefore, excess of blood glucose 

concentration. In this situation, β-cells are no longer able to secrete enough insulin to trigger 

hyperglycaemia.40  

Experimental results on β-cells from patients with T2DM offer evidence on the presence of 

aggregates and plaques of human islet amyloid polypeptide (IAPP, or amylin), which is co-

https://en.wikipedia.org/wiki/Central_obesity
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Hypertriglyceridemia
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secreted with insulin from pancreatic β-cells.41-43 The islets in T2DM are characterized by the 

occurrence of what is referred to as amyloid, per the “amyloid hypothesis”. The term amyloid 

is associated with abnormal (mostly) extracellular composition of proteins, consisting of 

insoluble aggregation of monomers arranged in a β-sheet like architecture.43 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (1) Insulin secretion of β-cells in response to glucose. (2) Insufficient insulin leads 

to stress in β-cells. (3) In the case of insufficient insulin and high blood glucose, gluco-toxicity 

induces changes in β-cells. (4) Rising glucose level alters terminally differentiated state and 

causes apoptosis. (5) Cell degranulation, de-differentiation and transdifferentiation are induced 

by insulin deficiency. (6) Intensive insulin therapy relieves gluco-toxicity or gene therapy to 

restore transcription factors. (7) Under specific physiological conditions, proliferation and 

growth of the cells occur. Reproduced with permission from Remedi et al.38  

 

1.1.3. Linkage between T2DM and AD    

There exists evidence on diabetes-related dementia. However, the causative relation of such 

connection is not well understood. Statistical analysis shows that the risks of eventually 

developing Alzheimer's dementia are higher in diabetic patients.44-46 AD and T2DM share a 

significant number of biochemical and physiological pathways. Previous studies emphasised 

on the role of insulin in cell-growth, including neurons in the CNS in addition to regulation of 

blood sugar.47 Besides obesity, other mechanisms such as insulin resistance, inflammatory 

cytokines, and oxidative stress may explain this connection,48 with the hypothesis that 
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accumulating oligomeric IAPP in the cerebrovascular system and brain parenchyma of patients 

is causative to the onset of diabetes.49
  

Epidemiological studies show the effect of hyperglycemia on the aggregation of  Aβ in the 

brain, resulting in oxidative stress, neuroinflammation, and, consequently, neurodegenerative 

diseases.50 Hyperglycemia is a potential risk factor for AD development.  

1.2. Pathological amyloid proteins   

The word “amylon” was first used in 1834 to describe the waxy starch in plants. Later, the 

word “amyloid” was used to describe tissue deposits that can be stained like cellulose after 

exposure to iodine.51 Amyloid is fibrillar aggregates of folded peptides and proteins via 

hydrophobic interaction, π-π stacking and hydrogen bonding, assuming the ubiquitous cross β-

sheet structure.52  

1.2.1. Amyloid-beta (Aβ)  

Aβ, as a transmembrane protein produced from APP, is expressed in the brain and tissues. The 

two major products of APP cleavage by β and γ secretases are Aβ1-40 and Aβ1-42, with Aβ1–

42 (DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA) entailing stronger 

neurotoxicity and faster aggregation.   

Upon the production of Aβ by neurons, Aβ enters the blood and cerebrospinal fluid without 

any deposition due to the peptide clearance by the organism. Although the pathogenic role of 

the peptide is not entirely clear, it has been shown that the unbalancing rate of production, rate 

of clearance and, therefore, accumulation of soluble Aβ can damage synaptic junction and 

cause intracellular calcium homeostasis to give rise to neurovirulence and AD. The non-fibril 

structures of Aβ are known to be toxic to neurons19,53, while three-dimensional arrangements 

of non amyloidogenic peptides often lead to proper functions such as storage, signalling, 
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enzymatic activity and sensing.54 The accumulation of Aβ is a critical pathological 

phenomenon and a prime target to prevent and treat AD. 

Studies by circular dichroism spectroscopy, Fourier-transform infrared spectroscopy, and X-

ray powder diffraction microscopy have revealed structural transitions of Aβ, from disordered 

monomers to high-ordered dimeric and trimeric forms.55 The oligomeric structures, known as 

the most neurotoxic, can be protofilaments with twisted structures around helical axes, which 

may be followed by hydrogen bonding along the β-sheet content. Amyloid fibrils possess 

significant β-sheets and less α-helical structures. Majority of oligomer species are disordered, 

with partially antiparallel β-structures. In comparison, majority of Aβ fibril structures consist 

of β-sheet components.56 Atomic studies have shown that the amino acids of amyloid fibrils 

form β-strands orthogonal to the fibril axis, followed by β-sheets arranged parallel to the fibril 

axis towards the thermodynamic energy minima.57 In this case, the hydrophobic parts of 

unfolded proteins are exposed. These conditions lead to formation of β-sheet structures through 

intermolecular hydrophobic interactions of proteins.54,56 The Aβ peptide possessed two 

hydrophobic fragments at the 17–21 and 32-C terminus, both involved in the β-sheet 

conformation.58  

One of the main factors in the aggregation of Aβ1–42 is pH.59 The fibrillation of Aβ1–42 occurs 

at acidic pH as a result of the protonation of His6, His13 and His14,60 while at higher pH of 

9.5, uncharged Lys28 causes inhibition of the aggregation. It has been reported that other 

conditions besides pH, such as ionic strength, temperature, organic reagent and metal ions can 

each influence protein fibrillation.54,61  

The role of metal ions in the aggregation of Aβ is well known. The balance and function of 

metal ions such as Zn2+ and Cu2+ which release from neurons in hippocampus play critical roles 

in mental activity.62 Previous studies have revealed that associations of Aβ peptides with metals 

such as iron, zinc and copper induce oxidative stress in AD patients, resulting from metal 
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binding with Met35 and the N-terminal region during ROS production.6,63 In other studies, 

release of metals such as zinc has been reported as a source of parenchymal and cerebrovascular 

amyloid in transgenic mice. In addition, unbalanced expression of APP and Aβ may damage 

the equilibrium of metals in the brain. While high level of metals like Cu in the brain could 

result in lower levels of Aβ and plaque formation in transgenic mice, expression of Aβ in the 

brain can sequester metals like Cu in the brain.6 Although the pathway is not clear, it has been 

revealed that any imbalance in the critical level of metals in the brain would lead to the 

pathogenesis of AD.23  

In recent years, advancements in methodologies and techniques have provided more 

information on the interaction of Aβ peptides and cell membrane, showing electrostatic and 

hydrophobic interactions as the main driving forces.64 The lipid membrane interface as a 

potential nucleation site can alter the folding process of Aβ peptides.65-67 The formation of 

random coil and helical structure of Aβ through its N-terminus binding with the membrane 

often serves as a start point of Aβ aggregation, leading to pore formation and membrane 

distruption.68 Oligomeric structures are known as a major source of Aβ toxicity, manifested by 

the formation of β-barrel or prion-like structures in the cell membrane.6 

1.2.1.1. Amyloid-beta and immune responses   

Although much research has been focused on the toxicity mechanisms of Aβ, the involvement 

of immune systems in the pathogenesis of AD has been reported.69,70 Neuronal inflammation 

and activation of innate immunity are also known as hallmarks of AD. Therefore, numerous 

clinical trials have been focused on developing vaccination for AD. Immunisation against Aβ 

has been shown as a successful AD therapeutic technique in murine models.71 In the experiment 

by Marsh et al.,70 genetic ablation of peripheral immune cell populations considerably 

suppressed amyloid pathogenesis, increased inflammation of nervous tissue, and caused 

disorders in microglial activation. In addition, the effect of IgG-producing B cell loss on 
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microglial phagocytosis malfunction, followed by a failure in proper Aβ deposition has been 

reported. In contrast, injection or transplantation of IgGs resulted in the reduction of Aβ 

pathology,  validating the significant role of the immune system in AD.70 Another evidence on 

the association of immune systems with AD is the degradation of Aβ by microglia, and 

autoreactive T cells are involved in the peptide clearance.72  

Experiments have shown the aggregation of tau and Aβ plaques in association with AD, leading 

to microgliosis and elevated cytokine production as part of  neuroinflammation.73-76 Cytokines 

are known to affect the production and metabolism of APP expressed in most neuronal and 

extraneuronal tissues.72,77 Effects of interleukin-1 (IL-1) on stimulating amyloidogenic 

metabolites of APP, accumulation of cellular APP, and promotion of amyloidogenesis have 

been reported.78-80 Interferon g (IFNg) is known as the inhibitor of APP production.79 However, 

in interaction with tumor necrosis factor (TNF), IFNg raises the production of APP. Such 

changes in cytokines increase the secretion of APP and consequently the amount of Aβ in the 

culture medium.72 In addition, specific receptors on microglia and monocytes in the brain are 

involved in the clearance of extracellular Aβ peptides through non-inflammatory phagocytosis 

or pro-inflammatory cytokine secretion.69,72,81,82  As shown in Fig. 4, complement C3b can 

adhere to complement receptor 1 (CR1) of erythrocytes in human, known as a mechanism for 

the peripheral clearance of Aβ.83  
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In literature the measurements of Aβ in the blood have been reported as a way towards early 

diagnosis of AD.84 However, the association of Aβ with immune cells, in the presence of 

plasma proteins, remains unclear.  

 

 

 

 

 

 

 

 

 

Figure 4. Interaction of Aβ42 with C3b and CR1 on erythrocytes after spiking blood samples 

with Aβ42, with and without EDTA. Reproduced with permission from Rogers et al.83 

 

1.2.2. Human islet amyloid polypeptide (IAPP) 

Human islet amyloid polypeptide (IAPP, a.k.a. amylin) is a peptide containing 37 amino acids 

(KCNTATCATQRLANFLVHSSNNFGAILSSTNVGSNTY) with a disulfide bridge between 

residues 2 and 7. IAPP is generated from a 67 amino acid precursor peptide, proIAPP, and is 

co-secreted with insulin by pancreatic β-cells to regulate glucose homeostasis.85 IAPP also 

functions with other peptides, such as calcitonin and calcitonin gene-related peptides, in bone 

metabolism.86  

IAPP is co-secreted with insulin inside the β-cell granules, at pH 5 and in high concentrations. 

Under these conditions, the His18 is protonated to fend off IAPP aggregation in pancreatic beta 

cell islets.87 Therefore, IAPP acts as a synergistic partner of insulin and, through co-secretion, 
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controls the level of blood glucose.6 At neutral pH, His18 becomes neutral. This condition has 

been cited as a cause of IAPP aggregation to render extracellular amyloid plaques.  

Conversion of soluble proteins and peptides to insoluble amyloid fibrils leads to β-cell 

dysfunction, apoptosis and cell death. Several studies have indicated that β-cell failure in T2D 

correlates with the self-assembly and deposition of IAPP fibrillar plaques in the pancreatic 

islets. In T2D, insulin resistance leads to increment of insulin and concomitantly elevated IAPP 

production by β cells. Overexpression of IAPP may give rise to IAPP aggregation, which 

further evolves into amyloid fibrils while producing toxic species en route. (Fig. 5) In short, 

the toxicity of IAPP has been considered a main cause for the loss in function and mass of 

pancreatic islets.88,89 

Due to the crucial need of designing potent therapeutics against amyloid diseases, many studies 

have been conducted to understand the structure, aggregation and toxicity of amyloid proteins. 

Various techniques, such as transmission electron microscopy (TEM) and atomic force 

microscopy (AFM), have been applied to investigate the structure of IAPP fibrils.90-92 IAPP 

fibrils typically form left-handed coil structures with diameter of up to 20 nm and length of 

0.1-10 µm. These fibrils are thermodynamically stable and may gradually develop amyloid 

plaques through hydrogen bonding.88,93 At the mesoscopic scale, IAPP fibrils appear as ribbon-

like structures. On the molecular scale, the β-sheets within the fibrils are formed by β-strand 

segments placed perpendicularly to the long fibril axis, linked by hydrogen bonds parallel to 

the fibril axis.90 A handful of studies have detailed that oligomers and protofibrils, among all 

structures of IAPP aggregates, elicit the highest toxicity94 through increased membrane 

porosity and fluidity, altered biometal concentration, ROS production, autophagy and 

apoptosis to damage the pancreas and evoke T2DM.95-97  
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Figure 5.  (a) A non-diabetic β-cells islet shows insulin (labelled in brown) covering more than 

80% of the islet. (b) A diabetic β-cells islet shows insulin (brown) and amyloid protein (pink) 

with more than 50% coverage by amyloid protein. Scale bar: 20 μm. Reproduced with 

permission from Jaikaran et al.98  

 

1.3. Nanoparticles for biomedicine 

The Greek word nano means dwarf, which is now used to describe any material with at least 

one dimension on the scale of 1–100 nm.99 The significant effect of size in the physicochemical 

properties and tunable surface properties make nanoparticles (NPs) a unique class of materials 

for biological and biomedical applications. Targeting a specific location in the body with small 

dosage and high specificity can be offered by NPs for drug delivery and theranostics.100 

1.3.1.  The protein corona     

The physicochemical properties of NPs are significantly different from the same materials in 

bulk.101 Nanomaterials possess much large surface areas with higher numbers of surface atoms, 

entailing greater adsorption and higher capacity in crossing the blood-brain barrier (BBB).102   
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The roles of NPs in immune response, vaccine development103 or modification of protein 

fibrillation in amyloidosis have been confirmed.104 However, despite of the advantages of NPs 

in medicine and drug delivery, interfacing the engineered surface chemistry of NPs with 

biological systems remains a considerable challenge in terms of nanomedicine and 

nanosafety.105 Adsorption of biomolecules to nanomaterial surfaces for surface energy 

minimisation106 dictates cellular response to the NPs.107 Adsorption of environmental proteins 

to NPs leads to adjustments to the native protein structure108 and formation of a “protein 

corona’’.109,110 This phenomenon begins with the acquisition of a layer of highly abundant but 

loosely bound proteins, or the “soft” corona, which overtime is replaced by proteins of lower 

abundance but higher affinity, or the “hard” corona (Fig.6).111-114  

Figure 6. (a) Interaction of nanoparticles with cell membrane in biological environment. (b) 

Schematic of the NP-protein interaction in plasma where a core particle is covered with an 

outer layer of proteins forming the “soft” corona (red arrows on left). Stronger attraction of 

free proteins results in a “hard” protein corona. Reproduced with permission from Walkzyk et 

al.112  

 

The NP-protein interaction is determined by a number of factors. One of the main factors is the 

correlation between the sizes of the proteins and the NPs. Protein would stretch to adjust to 

larger NPs. However, NPs with a significantly smaller size in comparison to proteins would 

lead to less significant changes in the protein structure due to the fewer amount interactions.115 

In addition to size, the surface charge of NPs plays a significant role in modifying the protein 

secondary structure. Gold NPs with various surface charges but similar properties adsorbed the 

same amount of bovine serum albumin. However, positively charged gold NPs interacted more 

with cell membranes, which led to a higher rate of cellular uptake than negatively charged gold 
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NPs.108,116
 TEM, dynamic light scattering (DLS), AFM and UV-Vis spectrophotometry 

documented the size effect in protein-NP interaction.117,118 Exposure conditions including media 

composition, protein concentration, exposure time, temperature and pH of the biological fluid, 

plus the size, shape, surface charge, hydrophobicity and morphology of the NPs are all key 

factors in determining protein–NP interactions.108
 

NPs are promising candidates for drug delivery, as they possess the feasibility of shuttling 

through the BBB to target neurological, psychiatric and neurodegenerative disorders.119 

However, the effect of the protein corona in the interaction of NPs with the BBB and changes 

of corona post BBB translocation are unknown.120 Higher stability of the protein corona in the 

brain compared to the corona in the blood has been reported by Cox. et al,119 likely resulting 

from clearance/removal of some proteins on the blood side.119
 Despite challenges related to the 

protein corona, in vivo amyloidosis inhibition with nanomaterials has been demonstrated by a 

number of studies.121,122 

NPs can impact cellular activities and provoke cell death through disruption to plasma 

membranes, ROS production, inflammation and mitochondrial and nuclear damage. Formation 

of the protein corona often renders the NPs more biocompatible to ameliorate immune 

response123 and reduce cell damage induced by NPs. The protective effect of adsorbed proteins 

against cell damage induced by bare NPs has been investigated in a number of studies,124,125 

confirming enhanced biocompatibility.108,126  

1.3.1.1. NP-amyloid protein interaction  

Small molecules such as surfactants, copper or zinc ion chelators, polyphenols127 such as 

epigallocatechin gallate (EGCG),128 curcumin129,130 and resveratrol131 have been studied as 

inhibitors for the mitigation of protein aggregation.132-134 Chemical modifications, including 

N-methylation utilizing β-sheet breaker (proline, D-peptides peptoid),135,136 have been applied 

to improve the biocompatibility of the peptide inhibitors. NPs can significantly influence the 
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nucleation and aggregation of proteins via their strong interactions.101,137 A summary of these 

effects by many NPs is shown in table 1.102 Presence of proteins and NPs within the same 

biological environment gives rise to NP-protein and protein-protein interactions. NP-protein 

interaction may either result in acceleration of protein fibrillation, due to the accumulation of 

NPs around the protein, or inhibition of protein fibrillation due to isolation of proteins by their 

preferential binding to NPs.138 Metal ions such as copper could shorten the lag time of Aβ 

fibrillation, due to their initiation of binding between the peptides. Here the presence of copper 

serves to increase the stability of peptide-peptide interaction.139 The affinity of NPs-protein 

association is related to the surface chemistry and structure of the NPs.140-142
  For example, the 

protein corona around copolymer NPs is highly related to the hydrophobicity of the NP surface 

and exposure of their CH3 groups to the environment. Apolipoproteins, specifically, show 

stronger interactions with NPs of greater hydrophobicity.109,143 Copolymer particles, carbon 

nanotubes, cerium oxide particles and quantum dots, furthermore, have been applied to shorten 

the lag phase of the aggregation of human β2-microglobulin, exploiting the surface properties 

of the nanostructures.144 

Table1. Effects of various NPs on amyloid protein fibrillation and their aggregation toxicity. 

Adapted with permission from Zhang et al.102 
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Towards amyloidosis inhibition, extensive studies have examined the interactions of silica NPs 

with amino acids.145-147 Electrostatic interaction has been reported as the main binding force of 

spherical silica NPs or silica films with peptides and proteins.148-151
 Graphene quantum dots 

(GQDs) have been introduced as a potent inhibitor against the amyloidosis of IAPP and αS in 

vivo.152,153 In another study, star polymer poly (2-hydroxyethyl acrylate) has been applied to 

accelerate the nucleation and elongation phases of IAPP fibrillation and reduction of IAPP 

toxicity as a result of depleted oligomer population.154  

1.3.1.2. Chiral nanostructures in amyloidosis inhibition  

Our left hand is the mirror image of our right hand. This phenomenon also exists in the world 

of biology and organic chemistry. In nature, many compounds, twisted protein fibrils or DNA 

appear in both forms of right-handed and left-handed. Such compounds are called “chiral” from 

the Greek word, cheir, which means the hand, and the mirror forms are called stereoisomers.155-

158 

The presence of chirality is prevalent, from physics and the pharmaceutical industry to drug 

design and biochemistry, from enantioselective catalysis to supramolecular assembly and 

protein folding. Chiral nanostructures have been applied such as nanosensors,159 

nanophotonics,160 catalysis161 and piezotronics systems.162 Experimental results in drug 

enantioselectivity revealed that often just one of the enantiomers is effective, implicating 

chirality recognition as a strategy for drug design and treatment.  

In biological environments, DNA mostly appears as right-handed double helices,6,60 while 

IAPP fibrils exist mostly as left handed.163 The effect of chiral nanostructures on the 

aggregation and fibrillation of chiral IAPP speices has rarely been exploited in the development 

of therapeutics associated with T2DM. Aβ fibrils show a dinstinct handness due to the inherent 

chiralities of α-helices and L-amino acids, and are sensitive to chiral environments as a result. 

This chirality may be utilised for designing an effective treatment of AD pathogenesis.155,164 In 
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a previous study by Li et al.,155 chiral molecules have been applied to selectively inhibit Aβ 

fibrillation.  

Understanding the fundamental properties of amyloid structures, such as their chirality and 

their interactions with chiral NPs are crucial not only to gain a new insight into the biophysical 

and biochemcial aspects of amyloidosis and amyloid diseases, but also to the development of 

nanomedicine and bionanotechnology.165  

1.4. Key techniques and model systems for the thesis  

1.4.1. Commonly used techniques  

1.4.1.1. For structural analysis 

 ThT Kinetic Assay: The thioflavin T (ThT) dye is widely used to track and quantify protein 

aggregation and fibrillation both in vitro and in vivo. Amyloid fibrils can be readily detected 

in exposure to ThT dye, a small molecule which provides high fluorescence intensity upon 

binding to the surface grooves of amyloid structures through hydrophobic interaction and 

π-stacking.166 Changes in ThT fluorescence intensity is known as an indicator of the β-sheet 

structure in amyloid fibrils.  

 Fourier-transform infrared  (FTIR) spectroscopy: FTIR spectroscopy is a well-known 

technique for structural characterizations of proteins and polypeptides, to provide molecular  

information for the identification of simple to complex bonds.  

 Thermogravimetric analysis (TGA): TGA is a technique based on a thermal analysis of the 

mass of a sample over time, as water and organic constituents of a material gradually 

dissociate through heating. 

 Zeta potential: From the Greek letter zeta (ζ), is widely used for the quantification of the 

surface charge of particles. 

https://en.wikipedia.org/wiki/Thermal_analysis
https://en.wikipedia.org/wiki/Mass
https://en.wikipedia.org/wiki/Time_in_physics
https://en.wikipedia.org/wiki/Zeta
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 Spectrofluorometry: For autofluorescent NPs, such as GQDs, the technique can offer 

information regarding quenching of the NP fluorescence upon binding with amyloid protein 

species.  

1.4.1.2. Microscopy techniques 

 Transmission electron microscopy (TEM): TEM is a commonly used imaging technique, 

which constructs images through the interference of electron beams transmitted through a 

sample, such as an inorganic material, or biomacromolecules and their complexes. Valuable 

information can be obtained about the sample morphology or mechanism of interaction 

between species. FiberApp, a statistical analysis tool based on the MATLAB platform, may 

be applied to extract parameters such as the width, pitch size, length, and height distribution 

of amyloid fibrils.167  

 Scanning electron microscopy (SEM): SEM is another technique for imaging the structure 

and morphology of materials, including particles and peptides.  

 Helium ion microscopy (HIM):  HIM is an alternative imaging technique to SEM, based on 

focused ion beams. It overcomes challenges in SEM imaging of biological samples to avoid 

sample damage and provide high image contrast without surface metal coating.  

 Confocal fluorescence microscopy: This optical technique has the advantages of sample 

sectioning and high signal-to-noise ratio, compared with conventional EPI fluorescence 

microscopy.   

1.4.1.3. Cytotoxicity 

 Cell culture and cell viability assay: In vitro experiments enable studies of biological 

responses to external factors in a more economical and convenient manner than in vivo 

animal studies. Here, to investigate the toxicities of NPs, peptides (IAPP and Aβ) and effects 

of NPs on peptide amyloidosis, pancreatic cell line (βTC-6) and neuronal cell line (SH-

SY5Y cells) were cultured following proper protocols and viability assays were performed. 
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For the viability assays, treated cells were measured by a PerkinElmer Operetta system in a 

live cell chamber. Propidium iodide (PI) labelled dead cells, and cell viability was quantified 

by measuring cells which showed PI fluorescence relative to total cell count determined by 

a built-in bright-field mapping function of Harmony High-Content Imaging and Analysis 

software. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was 

also performed as a complementary technique for the determination of cellular viability. 

 Reactive oxygen species (ROS) assay: ROS are formed as natural byproducts of the 

metabolism of oxygen, and elevated production of ROS by biological systems under stress  

can result in apoptosis and cell death.168 Here, ROS assay was performed to evaluate cell 

response to various peptides in the presence and absence of NP inhibitors.  

In addition to the common techniques listed above, more specialised methods as described 

below were employed in the PhD project.  

1.4.2. Proteomics and protein dysregulation analysis  

Genomics and recently proteomics are modern profiling methods to identify novel genes and 

proteins related to complex diseases.169 Recently, demands for more accurate analytical studies 

in protein biochemistry, drug development and biology have been rising significantly.170,171 

Proteomics is suited to provide new insights into the identification of proteins, and has been 

applied as a high-throughput technique to document the genes and proteins expressed in 

neurodegererative related disorders such as Glucoma172 and AD-related neuronal tissues 

through enormous parallel analysis.169 In previous studies proteomics has been applied for 

clinical management of people suffering from amyloidosis.173 As yet, only a limited number of 

studies have so far investigated the adverse effects of amyloid proteins on interacellular protein 

and gene expressions upon neuronal cell exposure to Aβ.174,175 With this approach, it was 

demonstrated that the induction of APP intracellular domain (AICD) resulted in higher gene 

expression in actin cytoskeleton such as α2-actin and transgelin. AICD exposed genes were 
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differentially regulated in the frontal cortex of AD patients compared with controls.176 Among 

available information on the proteome of neuronal cells, the effects of Aβ on critical neuronal 

pathways and dysregulation in AD such as cell adhesion, vesicle trafficking, actin cytoskeleton 

dynamics and insulin signaling have been reported. Gene expression in human microglia was 

altered in brain tissues after exposure to the oligomeric structure of Aβ1-42.174  

Compared with Aβ, little is known about the proteome of pancreatic β-cells and intracellular 

protein expression upon cell exposure to IAPP aggregation species. 

Mass spectrometry (MS) is a powerful technique for the identification and quantification of 

protein species,177-179 and was employed in this project to investigate the up/down regulation 

of pancreatic interacellular proteins upon exposure to IAPP species. MS was used to sequence 

proteins using magnetic fields and define protein by protein mass-to-charge ratio. Liquid 

chromatography–tandem mass spectrometry (LC–MS/MS) was used to analyse digested 

samples.  

1.4.3. Blood assay and localised surface plasmon resonance 

The association of AD with neuroinflammation, in direct relation to peripheral immune cells 

is well established.180 There is evidence in literature implicating the interaction of senile Aβ 

plaques and microglia.181,182 and secretion of proinflammatory components such as IL-1β and 

TNF upon Aβ exposure.183,184 In addition, changes in Aβ in the blood of early-stage AD patients 

have been reported.185,186 However, the blood consists of various cell types immersed in more 

than 3,700 different types of plasma proteins and other biomolecules.187 The hydrophobic 

structure of Aβ can result in binding of the peptide to plasma proteins and blood cell 

membranes.83,84,188,189 The interaction of free Aβ and plasma proteins may lead to the formation 

of the protein corona. This phenomenon affects the interaction of Aβ with cell membranes and 

consequently alters cytotoxicity, cytokine secretion and consequently, immune response. In 

addition to the protein corona, exposure to various Aβ structures may result in different immune 
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responses. As an example, changes in hagocytic responses of microglia have been reported 

upon their exposure to soluble oligomers or fibrillar plaques.184,190  

Localized surface plasmon resonance (LSPR) is a state-of-the-art technique for achieving fast, 

stable, label-free, real-time detection of biological samples and components, including 

cytokines. In this technique the surface binding of a biological sample causes shifts in the 

absorbtion and scattering patterns of a gold NP-coated substrate, serving as a reporter on cell 

response to protein aggregation, among other phenomena.191,192  

In this study, the roles of plasma protein corona on immune cell responses to Aβ oligomers and 

fibrils were revealed using a blood assay. A microfluidic-based LSPR platform was applied to 

characterise the cytokine secretion of blood cells upon their exposure to Aβ structures.  

1.4.4. Zebrafish model in amyloidosis  

The zebrafish (Danio rerio) was first employed as an animal model in the 1980s. According to 

zebrafish and human gene comparision, more than 70% of human genome and around 82% of 

disease-related genome have at least one orthologue gene in zebrafish. Also, 47% of human 

genome have a one-to-one relationship with a zebrafish orthologue.193 Compared to in vitro 

experiments, zebrafish as a multicellular organism provides much needed biological 

complexity unavailable from cell lines. Robust reproductivity as well as high optical 

transparency are other advantages of the zebrafish model, especially suited for toxicity studies. 

The rapid development of zebrafish from the embroynic to adult stages offers advantages for 

drug screening and biodistribution studies.194-196 Furthermore, easy manipulation of multiple 

genes is another advantage of zebrafish over rodent models.197 Accordingly, the last few years 

have witnessed a significant growth of the zebrafish model for the characterisation of 

pharmaceuticals and therapeutics targeting metabolic diseases.198,199 Diabetic zebrafish models 
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have been employed to study the therapeutics for T2DM.198,200 Other studies have involved  the 

zebrafish model for the investigation of neurodegenerative diseases.201 

Despite the significant differences between the human and the zebrafish brain, behavioral tests 

on zebrafish have confirmed the value of using the zebrafish model for studying neurological 

disorders.195 Rink et al. showed that the ventral telencephalon in zebrafish is related to striatum 

in humans.202 Various orthologs of genes related to PD, such as parkin, pink1, dj-1 and lrrk2 

have been found in zebrafish. The Parkin gene, a common autosomal recessive mutation in PD, 

in zebrafish shows 62% and up to 92% similarities in identification and function compared 

with human.203 Both human and zebrafish Parkin are expressed during development and in 

adult tissues and both result in gene dysregulation through mitochondrial stress.204  

The early stage of AD is related to mutation of three genes correlated with Aβ proteolysis in 

human – Aβ precursor protein (APP), presenilin 1 (PSEN1), and presenilin 2 (PSEN2). In 

zebrafish, the genes appa and appb are reported as similar to human APP, and can be expressed 

in the telencephalon, the ventral diencephalon, the trigeminal ganglia, or the posterior lateral 

line ganglia.205 Similarities of human with zebrafish in PSEN1 and PSEN2 provide an 

opportunity for the investigation of presenilin function related to AD.206 Expression of Aβ, 

APP, and γ secretase components including PSENEN37, NCTN38 and APH1b37 has been 

reported for zebrafish during development,197 and dysregulation or imbalance in these proteins 

may lead to neurological disorders.201,207,208 Mutant human tau protein in a zebrafish model 

was used as a primary indicator of AD.209  

In general, these genetic similarities between zebrafish and human rationalise a wide range of 

applications of the zebrafish model for the study of the pathologies and therapeutic 

development of human neurodegenerative and metabolic diseases.  
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1. Declaration and rationale 

“This chapter was published as Faridi, A., Yang, W., Kelly, H.G., Wang, C., Faridi, P., Purcell, 

A.W., Davis, T.P., Chen, P., Kent, S.J., Ke, P.C., Differential Roles of Plasma Protein Corona 

on Immune Cell Association and Cytokine Secretion of Oligomeric and Fibrillar Beta-

Amyloid, (2019) Biomacromolecules. Reprinted with permission from reference210 Copyright 

2019 American Chemical Society." 

In this study, the effect of plasma protein corona on the association of Aβ aggregates with 

immune cells and their cytokine secretion was reported. This study demonstrated a close 

connection between amyloidogenesis and the immune response of amyloid proteins, an 

important but overlooked aspect central to understanding the pathology of AD.  
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1. Declaration and rationale  

“This chapter was published as Faridi, A., Sun, Y., Okazaki, Y., Peng, G., Gao, J., Kakinen, 

A., Faridi, P., Zhao, M., Javed, I., Purcell, A.W., Davis, T.P., Lin, S., Oda, R., Ding, F., Ke, 

P.C., Mitigating Human IAPP Amyloidogenesis In Vivo with Chiral Silica Nanoribbons, 

(2018) Small. Reprinted with permission from reference122 Copyright 2018Wiley." 

In this chapter, the use of mesoscopic chiral silica nanostructures against IAPP aggregation 

was studied for the first time in vitro and in an embryonic zebrafish model. This study offered 

a new strategy for amyloidosis inhibition with chiral nanomaterials.  
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1. Declaration and rationale  

This chapter was published as Faridi, A., Sun, Y., Mortimer, M., Aranha, R.R., Nandakumar, 

A., Li, Y., Javed, I., Kakinen, A., Fan, Q., Purcell, A.W., Davis, T.P., Ding, F., Faridi, P., Ke, 

P.C., Graphene quantum dots rescue protein dysregulation of pancreatic β-cells exposed to 

human islet amyloid polypeptide, (2019) Nano Research. Reprinted with permission from 

reference210 Copyright 2019 American Chemical Society." 

This chapter examined, for the first time, dysregulation of intracellular protein expression in 

pancreatic beta cells exposed to IAPP, as well as their rescue by GQDs. This study filled a 

knowledge gap on the molecular-level effects of IAPP on β cells, and on the extent of cell 

recovery from such assault mitigated by nanomaterials. This knowledge justifies and facilitates 

further studies on the application of nanomaterials against amyloidosis associated with T2D.    

 

 

 

 

 

 

 

 

 

 



 

84 
 



 

85 
 

 

 

 

 

 



 

86 
 

 



 

87 
 

 

 

 

 

 



 

88 
 



 

89 
 

 

 

 

 

 



 

90 
 

 

 

 

 

 



 

91 
 

 

 

 

 



 

92 
 

Chapter 5 

 

 

 

 

 

Summary and Future directions 

 

 

 

 

 

 

 

 

 

 

 

 



 

93 
 

Summary    

My PhD project has accomplished the objectives as described in Chapters 2, 3&4. The results 

of my studies have provided crucial new knowledge on the mechanisms of amyloid protein 

fibrillation, their toxicities in vitro and in vivo, as well as their interaction with cell membranes 

and nanomaterials. This knowledge is essential for facilitating the design of potent and 

biocompatible NP inhibitors for the mitigation of amyloidosis and amyloid diseases.  

The major goal of chapter 2 was to identify human plasma corona and understand its role on 

immune cell responses to amyloid protein fibrillation. Here, oligomeric and fibrillar Aβ (Aβo 

and Aβf) were prepared and labelled with fluorescent dye. The fibrillation and toxicity of the 

aggregates were examined by a ThT kinetics assay, TEM and an in vitro viability assay with 

neuronal cells. To probe amyloid protein-immune cell interaction, T cells, Dendritic  cells (D 

cells), Natural Killer Cells (NK cells), B cells, monocytes and granulocytes were phenotyped 

by antibodies and their associations with the peptide aggregates were recorded with a blood 

assay using flow cytometry. LSPR chips consisting of antibody-functionalized gold nanorods 

were used to detect TNF and IL-6 secretion by immune cells. This study revealed a convoluted 

relationship between the amyloidosis and immunogenicity of Aβ. Specifically, Aβo displayed 

little difference in cell membrane association in whole blood or washed blood, while Aβf 

showed a clear preference for binding with all cell types in the absence of plasma proteins. 

Immune cells exposed to Aβo, but not to Aβf, resulted in significant expression of cytokines 

IL-6 and TNF. These observations suggested greater immune cell association and cytokine 

stimulation of Aβo than Aβf, and revealed the contrasting toxicities of Aβo and Aβf resulting 

from their differential capacities in acquiring a plasma protein corona.  

Amyloid fibrils are usually chiral in morphology, an aspect which has rarely been exploited in 

the literature of amyloidosis inhibition. Accordingly, chapter 3 investigated the first application 
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of chiral NPs against IAPP amyloidogenesis in vivo. Silica nanoribbons eliminated the IAPP 

nucleation phase and shortened its elongation phase. This accelerated IAPP fibrillization 

translated to reduced toxicity, especially for the right-handed silica nanoribbons, as revealed 

by cell viability on βTC6 pancreatic cells and observed by helium ion microscopy. In vivo, 

chiral silica nanohelices mitigated IAPP toxicity in zebrafish embryos, as reflected by 

significantly improved survival, development and swimming behaviour of the organism. The 

results demonstrated a great potency of inhibiting IAPP aggregation and toxicity with their 

oppositely handed silica nanoribbons.  

There was no data available concerning intracellular protein expression upon exposure to IAPP 

or IAPP plus their NP inhibitors. Here, the proteome of βTC6 pancreatic cells exposed to the 

monomeric, oligomeric and fibrillar IAPP, in the absence and presence of GQDs, a known 

protein fibrillation inhibitor, was detailed using mass spectroscopy. A total of 29 proteins were 

significantly regulated by different forms of IAPP, and majority of these proteins were 

nucleotide-binding proteins. GQDs regulated aberrant protein expression through H-bonding 

and hydrophobic interactions, pointing to nanomedicine as a new frontier against human 

amyloid diseases.   

Future direction     

Application of nanomaterial against amyloidosis has a great potential in the development of 

therapeutics against debilitating human diseases such as T2D and dementia. Based on the 

outcomes of this project, NPs can elicit electrostatic and hydrophobic interactions, hydrogen 

bonding and π-π stacking with pathogenic amyloid proteins to inhibit or reduce their self-

assemblies. Towards novel nanomedicines for curing amyloid diseases, however, further 

studies on the mechanisms of NP-protein binding in the presence and absence of chaperone 

proteins, ligands and psychological metals, the biocompatibility, biodistribution and clearance 

of NPs, and the cross seeding of amyloid proteins are essential. Our findings on the selective 
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inhibition of IAPP amyloidogensis with chiral silica nanohelices may be applicable to other 

classes of chiral nanostructures and other types of amyloidosis associated with AD and PD. 

Such aspect needs to be fully explored.  

NPs are not only effective in mitigating protein amyloid fibrillation, but also in restoring 

intracellular protein expression against the toxicity elicited by amyloid protein aggregation. 

GQDs are novel candidate to rescue the dysregulation of proteins, especially the nucleotide-

binding proteins. Expanding this finding to in vivo, similar nanostructures with may have the 

capacity in regulating protein expression through hydrogen bonding and hydrophobic 

interaction, may offer new opportunities against human amyloid diseases.  

Zebrafish share 80% of disease-related genes with human, carry multiple pathogenic pathways, 

and entail a high throughput capacity and short lifecycles, compared to mouse and rat models. 

In the early stage of development, zebrafish embryos can act as a compromise between in vitro 

cell cultures and in vivo mouse models, with the possibility of analysing multiple endpoints 

from survival rate and development to gene assays. More physiological and behaviour tests  

may involve zebrafish larvae and adults as alternative systems to AD and PD mice for greater 

economic and time efficiencies as well as greater flexibility in experimental design.     

 


