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Why do we study the human interactome? 
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Network theory 



Hyperbolic network model

Euclidean Hyperbolic PS model in 2D Hyperbolic PS model in 3D 



PS model 

Polar Coordinates (r, theta)Euclidean Coordinates (x, y)

1) Node Sorting: Nodes are sorted in decreasing order 
by degree

2) Starting Point: The first node is placed at the center 
and it gets a random angle

3) Expanding the Space: embedding new nodes:

• Distance from Center: in the new node assigned 
radial coordinate ri = 2lni

• Adjusting Positions: The positions of existing nodes 
are adjusted based on their distances from the 
new node ( rj(i) = β rj + (1 − β) ri )

• Finding the Best Angle: The new node is given an 
anglular coordinate that maximizes the likelihood 
of the PS model 

4) Repeat for All Nodes: Steps 2 and 3 are repeated 
for every node in the network.



hPIN in the Hyperbolic Space 
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hPIN in the Hyperbolic Space 



Hyperbolic applications



Function of PPIs
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Molecular annotations of PPIs

The Molecular Interactions (MI) ontology forms a structured controlled vocabulary for the 
annotation of experiments concerned with protein-protein interactions. 





Why do we focus on PTMs?
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What is machine learning? 
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Supervised Learning
Unsupervised Learning
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Features



RF model 
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Feature importance
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Spinocerebellar ataxia 1  (SCA1)

Molecular mechanisms of SCA1 pathogenesis



SCA1 cell model- Predicted PTMs
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Next steps 

Experimental validation 
of the predicted directed PTMs

Explore hyperbolic geometry 
in different biological data

Experimental verification of the 
suggested drugs
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Lovely to meet you all !!!!!

Thank you!
Any questions?

Mainz, December 2023



Let’s play…

http://cbdm-01.zdv.uni-mainz.de/~mschaefer/hippie/

http://cbdm-01.zdv.uni-mainz.de/~mschaefer/hippie/download.php


Input: one protein Input: list of  protein



Search: ATXN1

Interactors of ATXN1 confidence score 

How many interactors ATXN1 has?



Search: ATXN1

text

How many interactors ATXN1 has with confidence score more than 0.71?

set to 0.71



How many interactors ATXN1 has with confidence score more than 0.71 that 
are expressed in the cerebellum?



How many interactors ATXN1 has, with confidence score more than 0.71 that are 
expressed in the cerebellum and associated with neurodegenerative disease?
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