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Introduction

Figure source: PhRMA.org

Drug discovery 
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Introduction Challenges

Figure source: © Kunkel/FHI

Chemical space

Experimental facilities in 

industry can only test 105

compounds/day

Kirkpatrick, et al., Nature. 2004 06
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Introduction In silico methods

08Sliwoski G, et al. Computational methods in drug discovery (2013)
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Introduction The fourth paradigm of science
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Introduction In silico methods

11Sanchez-Lengeling et al., Science 361, 360-365 (2018)



Introduction In silico methods

we can use molecular 
generative models in 

either approach

broad range of 
suitable 

properties

(high-throughput screening)

narrow range of 
desired 

properties
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desired 

properties

optimized 

molecules

target activity

low toxicity

synthesizable

good solubility

aspirin

e.g.

Save chemists time by narrowing down the 

chemical space of viable molecules faster and 

more efficiently.

Can be used in conjunction with existing 

(traditional) methods.

molecular 

substructures

molecular 

generative model

Introduction De novo design
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Introduction Pros and cons
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Simulation

Pros Cons

- Replace/provoke/explain experiments

- The most accurate method among 3

aforementioned schemes

- Provides initial hypotheses about the

binding mode of the compounds

- Time-consuming and usually 

slower than other schemes

- Require decent computational 

resources 

- The performance is highly 

dependent on the biological system 

under study
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Molecular docking
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Molecular docking Introduction
- One of the most frequently used methods in structure-based

drug design

- Predict the binding-conformation of small molecule ligands

to the appropriate target binding site to form a stable complex.

Docking does not predict bioactivity!

- Based on “Lock-and-key theory ” (rigid docking) and

“Induced fit theory” (flexible docking).

- Docking can be achieved through two interrelated steps: 1.

sampling conformations of the ligand in the active site of the

protein; 2. ranking these conformations via a scoring function.
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Schematic illustration of docking a small molecule ligand (green) 

to a protein target (black) producing a stable complex

Docking of a small molecule 

(green) into the crystal structure

IntroductionMolecular docking
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Types of complexes

Protein – Small molecule complex Protein – Nucleotide complex

Protein – Protein complex

Molecular docking
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Applications

Molecular docking 4 main

applications:

1. Reproduce the binding mode of 

X-ray complex

2. Predicting the binding mode of 

a known active ligands

3. Predicting the binding affinities 

of related compounds 

from  a known     active series

4. Identifying new ligands using 

Virtual screening

Molecular docking
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Algorithms

Molecular Docking: A powerful approach for structure-based drug discovery (2011)

Current algorithms and their characteristics used in molecular docking

Algorithms Characteristic

Matching algorithms Geometry-based, suitable to VS and database

enrichment for its high speed

Incremental 

construction

Fragment-based and docking incrementally

MCSS fragment-based methods for the de novo design

LUDI fragment-based methods for the de novo design

Monte Carlo Stochastic search

Genetic algorithms Stochastic search

Molecular dynamics For further refinement after docking

Molecular docking
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Conformational search

Small molecule conformational search methods

Molecular docking
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Scoring functionMolecular docking
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DockStream: a docking wrapper to enhance de novo molecular design. Journal of Cheminformatics (2021) 

Molecular docking: step by step

Docking procedureMolecular docking

23



New approach

DockStream: a docking wrapper to enhance de novo molecular design. Journal of Cheminformatics (2021) 

Overview of molecular docking procedure

Molecular docking
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Validation
- Analysis

03
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Validation

Redocking for docking power

Molecular docking

Crossdocking for screening power
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ValidationMolecular docking

ROC AUC curve for performance validation 27
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ECL2

Binding energy: -10.10 kcal/mol

AnalysisMolecular docking



Analysis

Docking score table

Molecular docking
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Analysis

Scoring functions in docking

Molecular docking
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Molecular docking types 

Types of molecular docking methods according to complexity

Molecular docking
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Covalent docking

Molecular docking Other types of docking
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Blind docking

Molecular docking Other types of docking
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Other types of docking

Reverse docking

Molecular docking
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Molecular docking

Pros Cons

- Faster and simpler than other

methods in simulation

- Adaptable to different virtual

screening protocols

- Strong computational resources are

not required

- Suitable for homology approach

- Time-consuming (flexible docking), 

under-performance (rigid docking) 

- Often results in a high false

positive rate

- Require post-processing 

approaches (flexible minimization of 

the complexes, MD) for better results

- Depend on experimental 3D 

structure

Pros and consMolecular docking
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Molecular docking 
software

04
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Chen Y.-C. J. T. i. p. s. (2015), "Beware of docking!"

Most used docking software from 1990 to 2013 

Software Overview
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1989

Autodock

Physical-based 
scoring functions

01 2010

Autodock vina 1.1.2

Empirical scoring 
functions; 
multicore processing

02 2013

Smina

Empirical scoring 
functions; could 
optimize SF

03 2017

Qvina2

Accelerate with 
BFGS optimization

04

2021

Autodock vina 1.2.3

Python scripting;
combine with AD4

05 2021

Autodock-GPU

Batch-dock
GPU utilizing

06 2022

Vina-GPU

GPU utilizing

07

Software Overview
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Thank you 
for your 

attention

“
Does anyone have any questions?
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