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ABSTRACT 
Protein folding is a critical biological process ensuring cellular 

functionality. However, anomalies in folding can lead to severe misfolding 

disorders such as Alzheimer's, Parkinson's, and prion diseases. This review 

elucidates the molecular mechanisms underlying protein misfolding, 

aggregation pathways, and structural disruptions. We further discuss 

cutting-edge biophysical techniques employed to study protein misfolding 

and the latest advancements in therapeutic interventions aimed at 

correcting or mitigating these anomalies. 
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1. INTRODUCTION 
Protein folding is a highly coordinated process 

ensuring that polypeptides attain their functional 

three-dimensional conformation. Molecular 

chaperones, proteostasis networks, and quality 

control systems maintain folding fidelity. However, 

failures in these mechanisms can result in misfolded 

protein aggregates, leading to toxic inclusions in 

neurodegenerative and systemic diseases. This 

section introduces the fundamental principles of 

protein folding and its biological significance. 

 

2. Mechanisms of Protein Misfolding and 

Aggregation  

 
Fig. Mechanisms of Protein Misfolding and Aggregation  

 

Protein misfolding can result from mutations, 

environmental stressors, or failures in cellular 

quality control. The primary mechanisms include: 

• Destabilization of Native Structures: Loss of 

native stability leads to the formation of partially 

folded intermediates. 

• Hydrophobic Exposure: Misfolded proteins 

expose hydrophobic regions, promoting 
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aggregation. 

• Amyloid Fibril Formation: Certain proteins 

misfold into beta-sheet-rich structures, forming 

amyloid deposits seen in Alzheimer's and 

Parkinson's diseases. 
Protein Misfolding 

Mechanism 

Associated Diseases 

Beta-sheet aggregation Alzheimer's, Parkinson’s 

Prion-like propagation Creutzfeldt-Jakob 

Disease 

Chaperone system failure ALS, Huntington’s 

disease 

 

3. Structural Biology Approaches to Protein 

Misfolding  

 
Fig.Structural Biology Approaches to Protein Misfolding  

 

Advanced techniques have facilitated the 

characterization of misfolded proteins: 

• Cryo-Electron Microscopy (Cryo-EM): 

Enables high-resolution imaging of amyloid 

fibrils. 

• X-ray Crystallography: Provides insights into 

structural perturbations in misfolded proteins. 

• Nuclear Magnetic Resonance (NMR): 

Captures dynamic folding intermediates. 

• Mass Spectrometry: Identifies misfolded 

species in biological samples. This section 

delves into how these techniques enhance our 

understanding of misfolding disorders. 

 

4. Misfolding Disorders and Pathogenic 

Pathways 

Several diseases stem from protein misfolding. This 

section categorizes them based on pathological 

mechanisms: 

• Neurodegenerative Diseases: Alzheimer's, 

Parkinson’s, Huntington’s. 

• Systemic Amyloidosis: Light-chain 

amyloidosis, transthyretin amyloidosis. 

• Prion Diseases: Creutzfeldt-Jakob disease, Fatal 

Familial Insomnia. We analyze molecular 

pathways, toxicity mechanisms, and diagnostic 

biomarkers. 

 

5. Therapeutic Strategies to Combat Protein 

Misfolding  

Therapeutic interventions focus on preventing 

aggregation, enhancing clearance, or stabilizing 

native conformations: 

• Small Molecule Inhibitors: Target 

amyloidogenic pathways. 

• Molecular Chaperones: Assist in proper 

folding and refolding of misfolded proteins. 

• Gene Therapy: Corrects mutations leading to 

misfolding disorders. 

• Immunotherapy: Monoclonal antibodies target 

misfolded protein aggregates. 
Therapeutic 

Approach 

Mechanism of 

Action 

Examples 

Small Molecules Prevent 

aggregation 

Tafamidis 

Chaperone Therapy Assist in folding HSP90 

inhibitors 

Gene Therapy Correct mutations CRISPR-Cas9 

Immunotherapy Target misfolded 

proteins 

Aducanumab 

 

6. Future Directions and Challenges  

While significant progress has been made in 

understanding and treating protein misfolding 

disorders, challenges remain: 

• Target Specificity: Designing treatments 

without affecting functional proteins. 

• Crossing the Blood-Brain Barrier: Delivering 

drugs for neurodegenerative diseases. 

• Early Diagnosis: Developing biomarkers for 

pre-symptomatic detection. Future research must 

address these challenges to advance therapeutic 

breakthroughs. 

 

7. CONCLUSION  
Protein misfolding disorders represent a significant 

biomedical challenge with implications in 

neurodegeneration and systemic diseases. Structural 

biology advancements have enhanced our 

understanding of misfolding pathways, guiding the 

development of targeted therapeutics. Continued 

research and innovative therapeutic strategies hold 

promise in mitigating the impact of these disorders. 
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