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Rare diseases and protein Misfolding
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What is protein misfolding? 

Missense mutations substitute a single amino acid, destabilising the protein's 

native conformation and impairing its biological function.

This underlies several rare diseases:

Phenylketonuria (PKU)

Alkaptonuria

 Hereditary TTR amyloidosis (hATTR)

Lysosomal storage disorders

> 7000
Rare diseases known worldwide



Pharmacological Chaperones: 1st vs 2nd Generation
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1st Generation

● Bind directly to the active site;

● Compete with the natural 

substrate;

● Risk of interference with enzyme 

activity;

● Lower selectivity profile;

● Potential off-target effects.

2nd Generation

● Bind to allosteric pockets;

● Do NOT compete with the 

substrate;

● Preserve native enzyme activity;

● Higher selectivity profile;

● Reduce off-target effects.

VS



Current Research Challenges 
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No generation-specific classifier for pharmacological chaperones

Existing tools do not distinguish 1st-generation (pharmacological rescue) from 2nd-generation chaperones 

(allosteric/non-competitive) — no validated ML predictor exists for this classification.

Binding pocket often unknown — no co-crystallised structure available

When the target is not co-crystallised with a ligand, the allosteric or orthosteric binding site is not 

experimentally defined — structure-based approaches become unreliable and blind docking carries high 

uncertainty.

Limited data on allosteric pockets of pharmacological chaperones

The number of experimentally characterised allosteric sites in chaperone targets remains small — limiting 

ML model training, pocket-descriptor extraction, and the statistical power of any comparative analysis.



Classification Pipeline
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Step 1-2: Descriptor calculation & normalization 

Molecular representations 

Morgan fingerprints 
2048-bit, radius 2

RDKit descriptors
~200 physico-chemical properties

PaDEL descriptors
1800+ advanced descriptors

StandardScaler
zero mean, unit variance

MinMaxScaler
range [0,1]

No scaling
applied when not needed

Normalization



Classification Pipeline
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Step 3: Feature selection to select only features with significant differences between classes

Remove constant 
columns 

Remove any constant 
value: it does not 
provide information.

Normality test

For each feature, test 
whether the distribution 
is normal.

p > 0.05

if n molecules ≥ 5000:
D’Agostino - Pearson

if n molecules < 5000:
Shapiro - Wilk test

Differential statistical 
test

Features are sorted by 
increasing p-value.

Select top k by 
p-value



Classification Pipeline
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Step 4: Model training



Classification Pipeline
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Results 

Dataset: 166 
molecules

Gradient 
Boosting

RDKit 

Test
MCC: 0.93

APC 1th Gen: 95.8%, 2nd Gen: 100%

Validation
MCC: 0.67

APC 1th Gen: 77.8%, 2nd Gen: 88.9%



Target Identification Pipeline

Computational and Systems Biology Group  · SIB · June 16, 2026  ·  Bologna 

CSB Meeting 2026



Target Identification Pipeline
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Future prospective 
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