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Enhancing Bioactivity Prediction via 
Spatial Emptiness Representation of 
Protein-ligand Complex and Union of 
Multiple Pockets



Research Background

• Bioactivity is the measurable effect a compound exerts on a biological system

• Accurate prediction of bioactivity can help identify the most promising compounds

• The task is challenging, and there are multiple labels
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Conventional methods: rely on the intrinsic 

properties of small molecules (Ligand only).

E.g., QSAR models

Issue:

A compound cannot function biologically 

without its target and environment.

Recent methods: using protein information 

and constructing interaction graphs

Issues:

1. Each pocket–ligand pair is treated as an 

independent data

2. Only concentrate on local binding region

Ligand only Protein-ligand interaction based



Motivation

• Bioactivity arises from specific biological interactions, and the geometric information of binding pocket is crucial

• The principle of competitive inhibition: drug molecules bind to the active site of a protein and block access for endogenous 

substrates

• Key geometric info: Vacant space. How much empty space remains, and to what extent does the ligand occupy the pocket?

• Vacant space small → endogenous substrate blocked → inhibition successful
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Main Contributions

LigoSpace:

• Geometric Representation of spatial Emptiness in protein-ligand Complex (GeoREC) 

• Describe the surroundings of each node in the protein-ligand graph representation

• Quantify atomic-level empty space within the complex

• Union-Pocket

• The entire pocket space can be accessible

• Keep the protein information consistent, encourage the model to focus on the ligand

• Incorporate a pairwise loss

• Traditional loss (MSE) is symmetric and treats each data point independently

• Preserve the relative order among samples
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Method
➢ GeoREC (Geometric Representation of spatial 

Emptiness in protein-ligand Complex)

➢ Characterizes spatial configuration inside 

binding pockets by dividing surrounding space 

into cones, identifying nearest atoms in each 

region, and connecting them as geometric 

edges

➢ Global interaction model with Union-Pocket

➢ Addresses fragmented local pockets from 

previous methods by defining Union-Pocket 

as the union of all atoms from candidate 

pockets for a given protein

➢ Pairwise loss

➢ Predict the difference between any pair of data

➢ Preserves relative order information, improving 

suitability for drug discovery
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Result
➢ Tested against 6 baselines (DTIGN, GIGN, GAT, EHIGN, SIGN, MBP) on DTIGN & SIU datasets

➢ The labels in the dataset include Kd, Ki, IC50 and EC50

➢ LigoSpace consistently enhances the baseline across most datasets and metrics

➢ Table below shows the results on DTIGN dataset with 8 protein targets
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Ablation study

➢ Setup: each ablation removes exactly one module from the LigoSpace model to isolate its effect.

➢ GeoREC (G): removing G causes the largest performance drop — GeoREC is the single most critical component.

➢ Union-Pocket (U): removing U yields consistent, moderate declines and shows strong synergy with GeoREC.

➢ Hybrid loss (L): removing L mainly harms ranking/order consistency and slightly reduces overall accuracy.

➢ Overall: the full configuration (G + U + L) performs best — components are complementary and work best together.
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Thanks for your attention!
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