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The “semantics” of a 
protein is determined by 
each residue’s local 
chemical environment:

which atoms are nearby, 
and
how they are arranged in 3D
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Transfer Learning across Tasks

Ø Local all-atom representation: encode each residue 

by its nearby atoms and 3D geometry.

Ø Physics-informed pretraining: use energy prediction 

to guide structure reconstruction.

Ø Local-to-global architecture: SE(3)-equivariant 

encode local environments, decode all-atom protein 

structure.

Ø Transferable embeddings: achieve strong 

performance across diverse protein tasks.

Ø Interpretable latent space: captures chemistry, 

structure, and environment changes.

Proteins are large 3D molecular systems whose 
functions depend on how their atoms are arranged and 
interact.

Current protein representations often rely on sequence-
level evolutionary signals or backbone geometry, 
making them efficient but less sensitive to local 
chemistry.
How can we preserve atom-level physical 
information while keeping protein representations 
compact and learnable? 

Computational 
Protein Design

Protein Property 
Prediction

Encoder

Decoder
Transformer

z

z’

Homology

Affinity 

Stability

Chemical Shift

......

Task-specific
Heads

Reconstuction and Energy Regression

Pairwise Energy Terms
Solvation
H-bond

Electrostatic

Encode

Decode

Latent Space
Chemical Environment Space

A

B C

Z1

Zn

Residue Latent

All-atom Graph

Local Atomic
Environments

Local 
Encode

Global
Decode

All-atom Structure
Atomic Coordinates

Sequence

SLAE transfers across tasks at multiple 
scales, from individual atoms to protein 
interfaces and whole structures, matching or 
outperforming specialized methods.

Distinguish native-like from decoy residue environments.

SLAE latent space captures residue environment 
changes across solvent exposure, secondary 
structure, and side-chain context.

SLAE produces smoother, physically consistent 
interpolations compare to backbone-only models, while 
modeling side chains.
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Linear interpolation between residues decodes to valid 
intermediate structures without explicit smoothness 
regularization.


