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ABSTRACT

Proteinopathies encompass a group of neurodegenerative disorders
characterized by protein misfolding and aggregation. Among them, prion
diseases and tauopathies share common molecular mechanisms, including
aberrant conformational transitions and pathogenic self-assembly. This
research explores the molecular basis of these disorders by investigating
protein folding landscapes, nucleation-dependent polymerization, and
strain-dependent propagation. Recent advances in cryo-electron
microscopy (cryo-EM), nuclear magnetic resonance (NMR), and
computational modeling have provided structural insights into the
pathogenic conformations of prion protein (PrP) and tau. Moreover, this
study examines potential therapeutic strategies targeting protein
aggregation, including chaperone-mediated refolding, small-molecule
inhibitors, and gene-editing techniques.

1. INTRODUCTION

Protein misfolding diseases, collectively known as
proteinopathies, are characterized by the aberrant
conformational changes of specific proteins, leading
to the formation of toxic oligomers and fibrillar
aggregates. These misfolded proteins disrupt
cellular function, contribute to neurodegeneration,
and are implicated in a wide range of disorders,
including prion diseases and tauopathies.Prion
diseases, such as Creutzfeldt-Jakob disease and
kuru, arise from the misfolding of the prion protein
(PrP), which undergoes a pathological structural
transition from its native a-helical form to a -sheet-
rich conformation. This misfolded form serves as a
template, inducing further conversion of normal PrP
into the disease-associated form, leading to self-
propagation  and  neurotoxicity. Similarly,
tauopathies, including Alzheimer’s disease and
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Pick’s disease, involve the pathological aggregation
of  hyperphosphorylated tau protein into
neurofibrillary tangles. Misfolded tau can spread
between cells in a prion-like manner, exacerbating
disease progression.This study investigates the
molecular mechanisms underlying prion and tau
aggregation, focusing on their structural transitions,
seeding properties, and cellular propagation.
Understanding these mechanisms is critical for
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developing targeted therapies aimed at inhibiting

pathological protein aggregation, preventing
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neurodegeneration, and halting disease progression
in proteinopathies.

2. Conformational Transitions in Prion and
Tauopathies
A

Tau filament (AD)

free tau structure

— m 3

Rl R RS Re

A A 4 A& 4

Core

tau bound to microtubules Fuzzy coat (B-rich region) Fuzzy coat

“paper clip”

Fig.Transitions in Prion and Tauopathies

Prion proteins (PrP) transition from their normal
cellular form (PrP~C) to a misfolded, infectious
isoform (PrP~Sc), adopting a B-sheet-rich structure.
Similarly, tau protein undergoes
hyperphosphorylation and structural
rearrangements, forming paired helical filaments
(PHFs) and neurofibrillary tangles (NFTs).
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Techniques like circular  dichroism (CD)
spectroscopy, X-ray diffraction, and Fourier-

transform infrared spectroscopy (FTIR) reveal these
conformational transitions at the atomic level.

3. Aggregation Pathways and Mechanisms

t] Protofibrils Fibrils

°

° °ﬁ o e Ty

° Q. F

° o on0g
Squalamine TTRinhibitors.

N

* Polyphenals + Tetracyclines
- Antibodies and peptides
*_Molesular chaperones

Fig.Aggregation Pathways and Mechanisms

Protein aggregation follows nucleation-dependent

polymerization. Monomeric proteins misfold into

oligomeric  intermediates, = which  undergo
fibrillization. Strain-specific conformers influence
disease phenotype and transmission.

e Prion Aggregation: PrP"Sc propagates via
template-assisted conversion, where infectious
particles catalyze native PrP misfolding.

e Tau  Aggregation:  Hyperphosphorylation
reduces tau’s affinity for microtubules,
promoting self-assembly into toxic filaments.

e Cross-Seeding Phenomenon: PrP and tau
aggregates exhibit cross-seeding, exacerbating
pathology in mixed-proteinopathies.
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Recent findings from single-molecule fluorescence
and cryo-EM confirm structural polymorphism in
aggregated forms, which influences disease
heterogeneity.

4. Pathogenic Propagation and Neurotoxicity
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Fig.Pathogenic Propagation

Proteinopathies exhibit prion-like propagation,

where misfolded proteins spread via exosomes,

tunneling nanotubes, and direct cell-to-cell contact.

The cytotoxicity of aggregates is mediated by:

1. Membrane Disruption: Oligomeric species
form pore-like structures, leading to calcium

dysregulation.

2. Mitochondrial Dysfunction: Aggregates impair
oxidative  phosphorylation, causing ATP
depletion.

3. Endoplasmic Reticulum (ER) Stress:
Accumulation of misfolded proteins triggers the
unfolded protein response (UPR), leading to
neuronal apoptosis.

Neuroinflammation further exacerbates toxicity, as
activated microglia and astrocytes contribute to

synaptic dysfunction.

5. Structural Insights from Advanced Imaging

Techniques

Technique Resolution Key Findings in Prion
and Tauopathies

Cryo-EM Near-atomic | Revealed filament
structures of tau and
PrP”Sc

NMR Atomic- Identified misfolding

level intermediates

X-ray High- Determined amyloid

Crystallography resolution fibril organization

AFM Nanoscale Visualized oligomeric
species

These techniques facilitate the identification of
disease-specific structural signatures, guiding drug
discovery.
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6. Therapeutic Strategies Targeting Aggregation

Given the lack of curative treatments, therapeutic

efforts focus on modulating protein aggregation:

e Molecular Chaperones: Hsp70, Hsp90 stabilize
native conformations.

e Small-Molecule Inhibitors: EGCG, Tafamidis
prevent fibrillization.

e Gene Therapy: CRISPR-based approaches
suppress pathogenic protein expression.

e Immunotherapy: Anti-PrP and anti-tau
antibodies enhance clearance.

Preclinical trials using proteostasis regulators have

shown promise in reducing aggregation burden.

7. CONCLUSION

Prion and tauopathies share mechanistic similarities
in conformational transitions and self-propagation.
Advancements in structural biology provide a
foundation for targeted therapeutics, though further
research is required to develop effective
interventions.  Understanding the molecular
underpinnings of proteinopathies remains crucial for
combating neurodegenerative diseases.
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