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Introduction
Approaches for Target Prediction and Virtual Screening
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Machine/Deep Learning Based:

Algorithms such as Support 

Vector Machines (SVMs), Neural 

Networks and Deep Learning 

can predict drug targets based 

on various features, including 

sequence data and biological 

interactions.

Structure-Based:

Predicts how an active 

compound binds to a target 

protein. Software such as 

AutoDock, Glide, or DOCK 

simulates the binding 

interactions and ranks the 

predicted targets or screened 

compounds based on their 

docking scores.

Similarity-based:

A computational approach used 

to identify potential drug 

candidates by comparing their 

chemical similarity to known 

active compounds. This method 

relies on the principle that 

molecules with similar structures 

or properties are likely to exhibit 

similar biological activities. 



Questions 

• Should different conformations be considered for docking? 

Yes, but not included in most approaches (DFG-in vs DFG-out)

• Should different binding sites be considered for docking? 

Yes, for example, allosteric sites

• Is a platform with different approaches useful?

Yes, for validation to increase reliability of the predictions

• Is positive controls important for assessing results? 

Yes, same score but different activity (1nM vs 1mM)
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 Protein adopts multiple conformations

 Conformation change is closely related to its biological function

Targeted MD

Accelerated MD

REMD

Metadynamics

The free energy calculation is biased force 
dependent and its connection to function is unclear

The free energy calculation is time-consuming and 
computationally expensive

Coarse Grained Method Can predict the transition pathway but can 
not provide the free energy information

 It is difficult to study the transition pathway experimentally

 Various simulation methods have been developed

Protein conformation sampling is a challenge 
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Replica exchange molecular dynamics (REMD)

Therefore, highly efficient MD simulation methods are expected.

 Protein (214 aa) --- 80 replicas --- 21.5 k RMB (3 k US$)

 Protein (856 aa) --- ~ 450 replicas --- 3 m RMB (400 K US$) 

 REMD is one of the well recognized MD methods for conformation sampling；

 It requires large computational resources
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Conventional REMD

Replica (Nreplica) required for REMD: freedomreplica nN ∝

𝜔𝜔 1 ↔ 2 = 𝑚𝑚𝑚𝑚𝑚𝑚 1, 𝑒𝑒𝑒𝑒𝑒𝑒 ∆𝛽𝛽∆𝑃𝑃

Exchange criteria: 

𝑃𝑃 = 𝑃𝑃𝑝𝑝𝑝𝑝 + 𝑃𝑃𝑝𝑝𝑝𝑝 + 𝑃𝑃𝑤𝑤𝑤𝑤

System potential energy
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1. Improved REMD method: vsREMD

𝜔𝜔 1 ↔ 2 = 𝑚𝑚𝑚𝑚𝑚𝑚 1, 𝑒𝑒𝑒𝑒𝑒𝑒 ∆𝛽𝛽∆ 𝑃𝑃𝑝𝑝𝑝𝑝 + 𝑃𝑃𝑝𝑝𝑝𝑝
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• Velocity scaling (vsREMD):

𝐻𝐻 = 𝑃𝑃𝑤𝑤𝑤𝑤

• The solvent atoms are not considered during replica 
exchange, the new exchange criteria could be

𝑃𝑃 = (𝑃𝑃𝑝𝑝𝑝𝑝+𝑃𝑃𝑝𝑝𝑝𝑝) + 𝑃𝑃𝑤𝑤𝑤𝑤
Exchange reference

Difference:

Velocity Scaling

Velocity Scaling REMD (vsREMD, developed based on GROMACS) 9



Testing vsREMD on Adenylate Kinase (AdK),  

 Similar transition pathways and free energy
landscapes are obtained by vsREMD and REMD;

 All the crystal structures are sampled in the area
with low free energies.

Biophys J, 2020, 118, 1009-1018.

Challenge: it is hard to simulate the transition from DFG-in to DFG-out of kinase.

Two X-Ray ADK conformations: open (4AKE), closed (1AKE) 

38% replica of REMD required for vsREMD
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2. Quantitative Analysis Method for Pocket Dynamics Behavior: D3Pockets

stableunstable

Drug binding pockets are 
constantly dynamic.

Pocket Stability Pocket Continuity

Correlation between pockets
Allosteric site?

D3Pockets for quantitatively analyzing dynamic behavior

More stable

The first frame

The 4305th frame

HIV-1 Pro

11J. Chem. Inf. Model. 2019, Most read article

Professor Rusoa et. al at the University of Santiago de
Compostela in Spain used D3Pockets to compute the
dynamic properties of pockets within the fibrinogen protein,
which was employed to assess the biochemical correlations
between significant regions of the protein. （ Journal of
Molecular Liquids 2021, 324）
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研究方法

Ligand Database
Construction

Target Structure Database
Construction

PDBbind Database(v2020) BindingDB Database(2021.11.1)

 Molecular Docking Software 
AutoDock Vina (v1.2.0)

 Pre-docking
• Docking score<-5 kcal/mol
• RMSD<2 Å
• 9352 3D conformations of 1970 

proteins with  active ligands

 Output Results
• Docking scores, atomic efficiency, 

2D/3D similarities, score ratio, disease 
information

• Positive control compounds and 
literature sources

 Ligand Database 
• 1.01 million active compounds，7362 targets 

associated with 2168 disease types
• 2.19 million drug-target pairs

 Standard Dataset (Ki/Kd/IC50/EC50<10 µM)
• 0.79 million ligands，5901 targets
• 1.20 million drug-target pairs

 Normalized Dataset (Ki<1 M)
• 0.19 million ligands，2568 targets
• 0.34 million drug-target pairs

𝑛𝑛𝐾𝐾𝑖𝑖 =
𝑙𝑙𝑙𝑙𝐾𝐾𝑖𝑖

𝑙𝑙𝑙𝑙𝐾𝐾𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚

• Standardized inhibition constant nKi:

𝐾𝐾𝑖𝑖 = 10𝑛𝑛𝐾𝐾𝑖𝑖×𝑙𝑙𝑙𝑙𝐾𝐾𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚• Inhibition constant Ki:

Disease Database 
Construction

UniProtKB

Therapeutic target database

Ref: Nucleic Acids Res, 2021, 49: D480-D489.

Ref: Nucleic Acids Res, 2020, 48: D1031-D1041.

J Med Chem, 
2005, 48: 4111-9.

Nucleic Acids Res, 
2016, 44: D1045-53.

3. D3CARP: A Comprehensive Platform for Target Prediction and Virtual Screening
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2D Similarity
 Software: Open Babel
 Molecular fingerprint: FP2, FP4, 

MACCS

3D Similarity
 Conformation generation: RDKit
 Software: LS-align
• Rigid-LS-align
• Flexi-LS-align

 Molecular Docking Software
AutoDock Vina (v1.2.0)

 Format Conversion
MGLTools program

 Grid Box
Ligand-based extension 5 Å

• Compound: MPNN
• Target protein: CNN 
• Classification model: MPNN-CNN
• Regression model: MPNN-CNN-R
• Partition Dataset partition: 98:1:1

Docking-Based
(Multi-conformation and binding sites)

Ligand-Based
(Similarity search)

Deep Learning Based

14

9352 docking models for 1970 proteins 2.19 million drug-target pairs Classification and regression models

3. D3CARP: A Comprehensive Platform for Target Prediction and Virtual Screening



Free Application Website D3CARP: https://www.d3pharma.com/D3CARP/index.php

 Multiple Drug Design Approaches
Docking, ligand similarity and DL

 Ensemble Docking
Multi-target conformations, 9000+

 Positive Controls as References
for 7000+ targets

 Diverse Disease Types
Conduct computational research on

specific disease targets (2000+ disease)

 Cross-Validation of Prediction Results
 Wide Range of Application Scenarios

Target prediction, virtual screening, drug-target
interaction mechanism, molecular scaffold novelty
assessment, etc.

Input and Output Platform Features

Comput. Biol. Med. 2023, 164, 107283
15

3. D3CARP: A Comprehensive Platform for Target Prediction and Virtual Screening



D3CARP-similar platform for COVID-19
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4. D3Targets: a Multi-Target and Multi-Conformation based Docking Platform for COVID-19

Research background

Challenges：
 Unclear Targets for many reported

“effective drugs”
 Urgent Need for New Drug Development

Against Specific Targets

Functions：
 Prediction of the target for active compounds
 Multi-target, multi-conformation, multi-site-

Based Drug Virtual Screening

Online server
https://www.d3pharma.com/D3Targets-2019-nCoV/D3Docking/index.php

Upload the ligand file

选择蛋白

Output docking scores, rankings, and pocket 
locations for each protein

Acta Pharm Sin B, 2020, IF: 11.4

The article was recognized as the high-impact 
outstanding paper of APSB 2020.

Usage

SARS-CoV-2 protein
22 classes 

58 states/conformations
524 potential pockets

Human protein 
33 classes 

38 states/conformations
378 potential pockets

Virus-human 
protein complex

1 classes 
1 states/conformations

10 potential pockets

912 docking models 
for 56 proteins

17
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5. D3AI-CoV: An AI-Based Platform for COVID-19 Target Prediction and Virtual Screening

MPNNs-CNN-R

 Normalization of Activity 
Data.

 MPNNs-CNN-R was 
used to explore the 
relationship between 
molecular targets and 
activity.

Multi-modal representation learning based approach
Performance comparison with 

other reported methods

 The First Web Application Platform Applying 

Deep Learning Models for COVID-19 Target 

Prediction.

 The First AI-based Regression Model for COVID-

19 Virtual Screening.

Briefings in Bioinformatics, 2022, IF=11.622

Common space

Multilayer 
perceptronConvolutional layer Pooling 

MultiDTI
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Message Passing Neural Network/Convolutional Neural Network/Regression
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Database Construction (in 178 Research Papers)

• 7 Pathogenic Coronaviruses
• 32 Target Proteins
• 604 Active Compounds

Online server
http://www.d3pharma.com/D3Targets-2019-nCoV/D3Similarity/index.php

Briefings in Bioinformatics, 2021, IF=11.622

6. D3Similarity: Target Prediction and Virtual Screening Method Based on Ligand Similarity

D3Targets-2019-nCoV Global Visitor Distribution  >3 Million Pageviews, from
Over 60 Countries and 
Regions Worldwide.

 The peak task queue 
reached 355.

 D3Docking  was used to 
study the affinity of 
bioactive compounds in 
the Huoshiluo formula with 
SARS-CoV-2-related 
proteins by Chen et..
(Ann Palliat Med, 2021)

 Researchers from Peking 
University utilized 
D3Similarity to evaluate 
the novelty of their newly 
discovered main protease 
inhibitors.
(Brief. in Bioinf., 2021)

Similarity Comparison and Search (Open Babel, RDKit, MolShaCS)
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7. Repurposing nelfinavir as a drug against SARS-CoV-2

Nelfinavir was predicted to be 3CLpro inhibitor

bioRxiv 2020. 1. 27

Activity at 3CLpro level

Nelfinavir was predicted to be a potential inhibitor of 2019-nCov main protease by an integrative 
approach combining homology modelling, molecular docking and binding free energy calculation

Nelfinavir (log[µM])
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 (%
)

IC50 values of 23.04±1.02 μM
(3-min incubation) and 
8.26±1.04 μM (63-min 
incubation) 

nelfinavir Pitavastatin Perampanel praziquantel

Docking Score -9.18 -8.06 -8.63 -7.38

3D Similarity 70.2% 68.1% 66.9% 65.8%

ΔG(MM/GBSA)* -24.69±0.52 -12.70±0.38 -14.98±0.34 -6.51±0.21

ΔG(SIE method)* -9.42±0.04 -7.53±0.04 -7.55±0.03 -6.39±0.04

Sequence with 98% similarity to SARS-CoV-1 Molecular dynamics simulation
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Bioassay at cellular level

ChemRxiv, 30 Mar 2020
https://doi.org/10.26434/chemrxiv.12039888.v1

Inhibit SARS-CoV-2 in Vero E6 
(EC50=2.89 μM)
（Remdesivir: ~2 μM）

• Significantly reduced virus loads in the 
lungs and kidneys；

• Significantly reduced virus loads in the 
nasal and anal swabs；

• Virus shedding was not reduced by 
remdesivir.（ ref.: Nature 2020, 585, 273）
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Shorten the duration of viral shedding by 
5.5 days (9.0 vs. 14.5 days, P = 0.055) and 
the duration of fever time by 3.8 days (2.8 
vs. 6.6 days, P = 0.014)

In vitro inhibition of nelfinavir against wild type, Delta, 
Omicron SARS-CoV-2 in Vero E6 and Calu-3 cells.

Signal Transduct. Target. Ther.  2023 

Preventive benefits in rhesus macaques 

Repurposing nelfinavir as a drug against SARS-CoV-2

Preliminary clinic trial 
(37 patients)
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New application?

Docked structure of 
osalmide-RR complexMolecular docking for 

ribonucleotide reductase RR

Osalmide for cholecystitis

Much stronger than HU In vivo activity on mouse model

8. Repurposing Osalmide as a drug against multiple myeloma (MM)

Clinic study of osalmide on MM (SD: stable disease)
(A) The maximum change from baseline in the level of 
M‐protein after HDS treatment. (B) Swim‐lane plot show 
the treatment response and duration for 9 MM patients 
after HDS treatment. Arrows: still ongoing at the time of 
study closure. J. Biomed. Sci. 2022, 29, 32
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Cancer Res. 2020, 80(3), 536 (IF=9.7)

三维结构建模

动力学模拟、
D3Pockets探测口

袋

多位点虚拟筛选

结构改造

MM病人中TRIP13高表达
合作团队

9. The first inhibitor of TRIP13

MM patients show high level of TRIP13 
(Shanghai Oriental Hospital)

Homology modeling 

vsREMD simulation
D3Pockets

Design and 
synthesis 

Multiple sites 
docking

24



Asthma Acupuncture
TG2 pathway 
activated

TG2 agonist as anti-asthma drugs?

5.6-18.7A

Multiple sites screening

TSG12分子结构

3D model of TG2 (199AA)

Dynamic profile of TG2 Discovered agonist TSG12 on TG2

10. Discovering the first agonist of TG2

Collaborator
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TG2-TSG12 binding (Biacore) At airway smooth muscle cell (ASMC) level 

Sci. Trans. Med., 2018, 10WT & TG2-KO mice Tissue distribution
Cover articleAerosol administration

WT & TG2-KO cells

组织分布

Patents

 One of the "Top 10 
Academic Advances 
in Traditional 
Chinese Medicine in 
2020”

 Nature cited it as a 
model of 
modernization 
research in 
traditional Chinese 
medicine (special 
issue of “Focus on 
Traditional Chinese 
Medicine” 2021, )
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Research Team

3. Research fields: Drug design
and innovative drug development

2. Ongoing Projects Chaired

• Development of new methods and
theories for drug design

• Discovery and optimization of lead
compounds

• Drug repurposing
• Traditional Chinese medicine and natural

products based new drugs

• 1 National key R&D pro t
• 1 National Excellent Young Scientists Fund
• 4 NSFC projects 
• 6 Other projects

4. Research methods

• Quantum Mechanics
• Molecular Dynamics
• Statistical Mechanics
• Deep Learning

• 3 Professors
• 1 Associate
• 1 Senior technician
• 1 Technician

1. Group members
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