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Unthinkable Question

Proteins

Proteins are vital components of biological systems and can be represented
in various ways, including their sequences, 3D structures, and surfaces
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Protein representation learning

Recent studies have successfully employed sequence- or structure-based
representations to address multiple tasks in protein science
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Unthinkable Question

Protein representation learning

Recent studies have successfully employed sequence- or structure-based
representations to address multiple tasks in protein science

However, there has been an oversight in incorporating protein surface
characteristics
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Objective

We propose a pre-training strategy that incorporates all three essential
aspects of proteins: sequences, 3D structures, and surfaces
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Overall strategy

Our strategy for pre-training sequences, structures, and surfaces to solve

downstream tasks
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Downstream tasks

Enzyme commission

Biological process

Molecular function

Cellular component

Fold classification
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ProteinINR

An overview of our ProteinINR architecture
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ProteinINR

Reconstructed meshes and surfaces from ProteinINR for given proteins
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Results

Our results show improved performance on downstream tasks with ESM-

GearNet-INR and ESM-GearNet-INR-MC
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Method Sum
Fo.x AUPR Foh.x AUPR Fo.x AUPR Foh.x AUPR Acc
ESM-1b' 86.9 88.4 452 332 65.9 63.0 47.7 32.4
ESM-2f 87.4 88.8 472 340 66.2 643 47.2 35.0
GearNet 81.6 83.7 448 252 604 529 43.3 26.8 46.8 | 465.5
GearNet-INR 81.4 83.7 447  26.5 59.9 52.1 43.0 27.2 47.6 | 466.1
GearNet-MC 87.2 88.9 499 264 64.6 55.8 469 27.1 51.5 | 498.3
GearNet-INR-MC 86.9 88.9 498 26.0 654 56.1 47.7 26.6 51.1 | 498.5
ESM-GearNet-MC 89.0 89.7 53.5 27.5 68.7 579 49 4 32.4 53.8 | 521.9
ESM-GearNet-INR 89.0 90.3 50.8 33.4 67.8 62.6 50.6 36.9 48.9 | 530.3
ESM-GearNet-INR-MC 89.6 90.3 51.8 33.2 68.3 58.0 50.4 35.7 50.8 | 528.1
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Take home message

We propose a pre-training strategy that includes the surfaces of proteins
using INR, which can lead to better protein representation

Limitation
- Likely low performance for proteins without known structures

Future work
- Generating new proteins from latent representations of surfaces

- Extending this approach to other types of molecules
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