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VIRUSES AND THEIR MAIN PROTEINS

VI US
Protein A Protein B
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HOW DRUGS “KILL” VIRUSES?
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HOW DRUGS “KILL” VIRUSES?

Ligand Protein

ATTACK
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WHERE DOES LIGAND REALLY INTERACT?

Ligand Protein
Cavity

(Pocket)

Binding site
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CAN ANY LIGANDS BECOME DRUGS?

Coronavirus

M
pro  protein
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“Designing strong ligands”
DRUG DESIGN AT EARLY STAGE
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INTRODUCTION
Problem Definition and Solution Overview
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Utilize the power of community

CROWDSOURCING DRUG DESIGN
PURPOSE
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BUT THE PROBLEM IS…

NON-EXPERTS
A large number and has 
more time

EXPERTS
Not many experts and they 
do not have much time

OH

OH

N

Cl OH

Design

Design

“Weak” ligands

“Strong” ligands
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AN INTELLIGENCE 
DECISION SUPPORT SYSTEM

To make the designed drugs
better and better
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BACKGROUNDS
Computer Science Backgrounds
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DECISION SUPPORT SYSTEM IN A NUTSHELL

PREPARATION KNOWLEDGE INFERENCE

Queries SuggestionsInitial data
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DECISION SUPPORT SYSTEM IN OUR SITUATION

PREPARATION CAVITY MODEL INFERENCE

Newly designed 
ligands (docked)

Add/Replace
atom(s)

Ligand-Protein 
complexes
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THE INITIAL PROBLEM BREAKS INTO

PREPARATION

INFERENCE

1. Identifying Drug-Protein Interactions
● Ligand-Protein complexes Interactions

2. Building Cavity Model for Target Protein
● Interactions Cavity Model

3. Building Algorithm for Recommending
● Newly Designed Ligands Suggestions

Cavity Model 17



SOLUTIONS
Details of Designed System
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IDENTIFYING DRUG-PROTEIN INTERACTIONS

Overall Pipeline
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IDENTIFYING DRUG-PROTEIN INTERACTIONS

GNN-based Model
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IDENTIFYING DRUG-PROTEIN INTERACTIONS

GNN-based Model
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IDENTIFYING DRUG-PROTEIN INTERACTIONS
IMPROVEMENTS

Enriched atom encoding Total atom aggregation Multi-hop gating 
mechanism

IMPROVEMENT 1 IMPROVEMENT 2 IMPROVEMENT 3

GNN-based Model
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Algorithm

IDENTIFYING DRUG-PROTEIN INTERACTIONS



BUILDING CAVITY MODEL FOR TARGET PROTEIN
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BUILDING ALGORITHM FOR RECOMMENDING
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EXPERIMENTS
Evaluations of Designed System
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RESULTS OF INTERACTION IDENTIFICATION

20 complexes 
manually annotated
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CAVITY MODEL FOR TARGET PROTEIN

H-Donor H-Acceptor Hydrophobe

Left view Right view



THE PERFORMANCE OF DESIGNED SYSTEM
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W/O SUGGESTION W SUGGESTIONS

Number of participants 26

Number of ligands 100 100

Mean docking score -4.91 -5.67

Standard deviation of docking scores 1.46 1.41

116%-0.76
kcal/mol

With single suggestion

better than without any suggestions

Binding Affinity



 WEB APPLICATION
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Multiple OSs supported

Responsive User Interface

5 minutes  processing time



CONCLUSION
Summary and Future Developments
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THE END
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Thank You for Listening!

https://www.cse.hcmut.edu.vn/


Antiviral Drugs?
COVID-19 caused by Coronavirus has many 
serious negative impacts all over the world.

The search for COVID-19 antiviral drugs is in high 
demand.
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HOW DRUGS “KILL” VIRUSES?

Ligand Protein
34
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DRUG DISCOVERY PROCESS
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CROWSOURCING DRUG DESIGN SYSTEMS

ViDok System

COVID Moonshot System



37

MOLECULAR PRESENTATION



OVERVIEW BIG SYSTEM
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OH
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Cl OH

Ligands
Design

INFERENCE
Suggestions

DOCKING

Drug Design System with 
AI-powered Decision 

Support System
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GNN-BASED MODEL
BASELINE MoDEL COMPUTATION

GAT

× N

× L
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GNN-BASED MODEL
ATTENTION INFERENCE ALGORITHM



GNN-BASED MODEL
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IMPROVEMENT 1
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GNN-BASED MODEL
IMPROVEMENT 2

Old Aggregation Layer:

Improved
Aggregation Layer:
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GNN-BASED MODEL
IMPROVEMENT 3
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GNN-BASED MODEL
TRAINING AND TESTING FLOWS



GNN-BASED MODEL
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RESULTS OF PREDICTING PHARMACOLOGICALLY ACTIVE
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KNOWLEDGE-DRIVEN ALGORITHM



DETECTED INTERACTIONS
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Interaction protein atoms detected from top 1000 
designed ligand-protein complexes on ViDok system

● Crawled from ViDok: Top 1000

● After processed (usable): 918

● Classification results:

○ Active: 915

○ Inactive: 3

● Interaction protein atoms detected 

from 915 active complexes:

○ H-Donor: 9150

○ H-Acceptor: 599

○ Hydrophobe: 4831



PAIRWISE INTERACTION EXAMPLES
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Interaction ground truths

Complex 6LU7

By Mr. Cuong



PAIRWISE INTERACTION EXAMPLES
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Predicted interactions

Complex 6LU7

By our model



CAVITY MODEL FOR TARGET PROTEIN
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SPHERE LIST OF PHARMACOPHORE MODEL
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APPLICATION USECASES
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DATABASE DESIGN
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● Multiple OSs
● Multiple browsers

TABLET AND MOBILE APPLICATIONS



HISTOGRAM OF DOCKING SCORES
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THE PERFORMANCE OF DESIGNED SYSTEM
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APPLICATION SCREENSHOTS
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APPLICATION SCREENSHOTS
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APPLICATION SCREENSHOTS
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APPLICATION SCREENSHOTS
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HISTOGRAM OF PROCESSING TIME
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