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Problem 1: Protein Pocket Detection

Protein 3BVB surface Protein 3BVB pocket
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Al (not that SAFE) solutions

DeepPocket DeepSite
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Problem 2: Pocket Similarity




Group Equivariant Non-Expansive Operators

GENEO (Group Equivariant Non-Expansive Operators)

Given two functional spaces ® = {¢p: X » R}and ¥ ={y:Y — R}, two groups G
and H of transformations of the functions domains (X and Y) and a fixed
homomorphism T: G — H, we define a Group Equivariant Non-Expansive Operator
as a function F from @ to ¥ with the following two properties:

Equivariance: For every @ € @ and g € G it holds that

F(p - g) = F(gp) - T(g)
Non-Expansivity: For every @1, ¢, € @ it holds that

|F (1) — F(P2)lle = l@1 — @3]l

2025-6-19 SAFE-ML satellite event 5




Each GENEO F; computes an
Mean N5 isometry invariant coefficient

n;. Together, such coefficients,
constitute the isometry invariant
embedding of the pocket.

N1 Mean curvature
\|i_p0phI|ICIty /

| N1

n=1|:| € R4

Ligand

GENEOnet
prediction

Id

Elongation

2025-6-19 SAFE-ML satellite event 6




GENEOmap: similarity measure

Protein 11GS pocket Protein 3BVB pocket
mapped to 14 mapped to 1o
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Similarity enables to define Prototypes

Istnn |17 — Nl
> Protein: 4Q1X

Ligand: 817

Library of
pockets
mapped to n;

2nd nn [I7] — Njlle
Protein: 5QKY
Ligand: 017

Protein: 3BVB Ligand: ???

~ 3rd nn ||~ - ”oo
Pocket mapped to n -1

Protein: 3TKW
Ligand: 017
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Results on ProSPECCTs benchmark

ProSPECTTs it's a well known Given two pocket embeddings nq, Ny
benchmark for pocket similarity in a we say that they are similar if
binary classification sense. AN, — Anzlle = T or dissimilar
otherwise. The matrix A can be learned
using a subset of the data.
m 13430 92846
m 241 1784
m 7729 100512 -
13430 67150 y = 1[T,+00)(||A'11 _ An2”00)
D4 | 13430 67150
D5 | 920 5480
o [ . -
115 56284 '
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Results on ProSPECCTs benchmark
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ROC curves for GENEOmap on ProSPECCTs
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Prototypes for GENEOnet predictions

Istnn |17 — Nl
> Protein: 4Q1X

Ligand: 817

Library of
GENEOnet
predictions 2nd nn || — Nille
mapped to n; Protein: 5QKY
Ligand: 017

Protein: 3BVB Ligand: ???
GENEOnet predicted pocket
mapped to 7}

3rd nn [|7] = Njlle
Protein: 3TKW
Ligand: 017
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Visualization of GENEOmap embeddings
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Thank you for the attention!
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