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Protein 
Misfolding 
Diseases 

Human diseases caused by defects in protein folding, stability and aggregation

Nature Reviews Genetics 2005;6:678-687



Alzheimer’s Disease is 
a folding disorder

• Irreversible progressive dementia 
with long prodromal stages and up 
to now there is a lack of effective 
pharmacotherapy options 
evaluation of the prediction 
algorithms

• While the clinical symptoms of the 
disease are defined by cognitive 
impairment, the causes leading to 
memory decline are strongly tied 
to deposits of misfolded protein 
aggregates.
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Hypothesis

What is the connection between the 

different isoforms of well-known 

proteins implicated in the pathogenesis 

and progression of Alzheimer’s Disease?

Could we find a 

correlation between their 

misfolded forms and the 

events occurring at the 

molecular level?



Methods
Data 
Consolidation

The genetic loci that will be analysed further through protein
3D structure include:

• APP (Amyloid precursor protein),

• PSEN1 (Presenilin one),

• PSEN2 (Presenilin two),

• CLU (Clusterin),

• CR1 (Complement receptor 1),

• PICALM (Phosphatidylinositol binding clathrin assembly
protein),

• BIN1 (Myc box- dependent- interacting protein 1),

• ABCA7 (ATP binding cassette transporter 7),

• MS4A (Membrane- spanning 4- domains, subfamily A),

• EPHA1 (Ephrin type-A receptor 1),

• CD33 (CD33 antigen), C

• D2AP (CD2 associated protein),

• SORL1 (Sortilin-related receptor 1),

• ΤΡΕΜ2 (Triggering receptor expressed on myeloid cells 2)



Methods
Evaluation of 
Protein 
Structures

Methodology Description How was used

Uniprot A comprehensive resource for protein sequence and annotation data To understand the protein function, and the most related protein structures

PolyPhen-2 A tool which predicts possible impact of an amino acid substitution on the
structure and function

To understand how mutations affect the structure and function of the protein

iTASSER A hierarchical approach to protein structure prediction and structure-based
function annotation

To predict the mutated and unmutated 3D protein structures

PDBeFold An interactive service that allows you to identify structures that are similar to
that of your reference protein

To compare the mutated and unmutated structures on residues level

CATH / Gene3D A protein family classification methodology To identify if there is any relationship between mutations impact and protein
families



• Example of APP network in 
STRING network analysis



• Structural Analysis of the protein. 
Each protein is mapped to the 
experimental determined structures 
(one or more) included in PDB and 
PDBe.  



STRUCTURAL SIMILARITY and MUTATION analysis IN 
Alzheimer’s disease



STRUCTURAL SIMILARITY and MUTATION 
analysis IN Alzheimer’s disease

Mapping Mutation Pathogenicity

V17 G378V AD : Pathogenic

V23 S390N AD : Pathogenic

V4 I83_M84del AD : Pathogenic

Higher Percentage of structure alteration due to mutation

Mapping Mutation Pathogenicity

V8 E120K AD : Pathogenic

V2 R35Q AD : Unclear Pathogenicity

V3 I83T AD : Pathogenic

V18 F386I AD : Pathogenic

Insights for the pathogenicity of the R35Q mutation



Summary

• Risk prediction standpoint,

• networks exhibiting coexistent genetic variation and biological perturbation would
represent prime targets in the development of personalized, burden-based genetic
susceptibility tests.

• Therapeutic strategies development

• pathways and networks displaying multi-omics relationships in AD would reduce the
search space for rational drug design and may highlight “hub” genes for therapeutic
cocktail approaches, such as in the polypharmacy strategies successfully employed for
AIDS and various cancers.
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