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Where do the therapeutic drugs come from ?



Chemical leads and technologies

• 1960/70s: natural-product-derived leads

• 1970/80s: computational methods such as quantitative structure–activity relationships (QSAR)

• 1980/1990s: Structure Based Drug-Discovery (with a strong impact around 2000s)

• 1990s: combinatorial chemistry and HTS

• 2000s : FBDD

• 2000s : computational methods such as virtual screening

• New target areas



The classical…drug 

discovery pipeline



5

2010 FDA drug approvals
The US Food and Drug Administration approved slightly fewer new drugs than in recent
years, and the industry’s focus on specialty-care products continued to shine through.

Nature Asher Mullard | february 2011 | Volume 10, 82-85



2019 FDA drug approvals 



A comprehensive map of molecular drug targets

Nat Rev Drug Discov. 2017 January ; 16(1): 19–34. 

doi:10.1038/nrd.2016.230





HTS: High Throughput Screening

Hit: Key molecule (active compound)

Lead: molecule of interest in the process of discovering.

Pharmacophore Constraints : Active part of a compound (3D) 



Molécules Chimiques
Structure of alpha-beta tubulin from zinc-

induced sheets stabilized with taxol 
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< PM 

500 da

A compound,  an interaction with the target and something else

A
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Première étape, l’interaction avec la cible



Example of properties :
Affinity, specificity, solubility, toxicity

Bioavailability, cell permeability, BBB, Binding to serum proteins, Half-life

Synthesis

Patentability ...

ADMET



Chemoinformatic is to combine computers and chemical informations to

 a range of problems in the fields of Chemistry and Biology. 

The gathering

(development, creation, organization, storage),

The systematic use of chemical information,

(analysis, visualization ...)

 -> to predict In Silico the behavior of unknown compounds.

Definition

?

Integrated with research and development strategies

in the pharmaceutical industry

Chemoinformatic



Domains of Chemoinformatics

Chemoinformatics is an interdisciplinary field that combines chemistry, computer science, and information technology to analyze 

and model chemical data.

1. Chemical Structure Databases, visualization, properties, searching and retrieving :

   - Creating 2D and 3D visual representations of molecules : ChemSketch…

   - Managing vast databases of chemical structures : PubChem, ChemSpider. PDB, CCSD

- Representation and research structures and substructures : Molecular Graphes. 

- Similarity search (2D / 3D), clustering and diversity analysis : Tanimoto, clustering.

- Search chemical molecules, patent databases or chemical reactions

   - QSAR (Quantitative Structure-Activity Relationship) modeling.

         2.       Molecular Modeling ant Interactions :

   - Predicting molecular structures and properties : homology modeling.

   - Molecular dynamics simulations.

   - Molecular docking simulations.

   - Pharmacophore modeling.

   - AI.



Draw and visualise

O

N

AutoNom Name:

2-Amino-3-(4-hydroxy-phenyl)-propionic acid

(S)-2-Amino-3-(4-hydroxy-phenyl)-propionic acid

https://www.acdlabs.com/resources/freeware/chemsketch/


For small chemical coumpounds

Passage 2D→3D; CONCORD, 

CORINA

1) The input structure is analyzed and separated into rings systems and acyclic atoms.

2) Bond lengths and bond angles are taken from a table. They depend on atom type 

and bond order. The atom types are rather detailed. For carbon, e.g., 21 atoms types

are considered.

3) Ring systems are processed by the assignment of a general conformation (e.g., 

chair, boat, etc) to each ring. The rings are ordered according to a certain priority 

and are optimized in steps in this order by the minimization of a special strain 

function in internal coordinate space. The coordinates of rings already previously 

processed (on a higher level of priority) remain unchanged. 

4) Finally, the torsional angles of the acyclic parts are set to values, which minimize the 

steric interactions of all 1-4, 1-5, and 1-6 interactions. Close contacts are relaxed by

a limited energy minimization.



https://pubchem.ncbi.nlm.nih.gov/


http://www.chemspider.com/


From organic chemical space to identification and therapeutic compounds

Chemical space, 500daltons : 1060 

   Organic chemistry : Less than 200 million compounds

      Commercial compounds : More than 50 millions ? 

Pharmaceutical Industry : 1 million 

HTS : 10000 (oriented) to 500.000

                  → 25 NME / year.

The CAS database (102 million compounds with inorganic compounds, 65 million of polymers…).

 The Beilstein database (10 million substances).

 PubChem contains (111 million entries).

There is a great number of more specialized databases for diverse branches of organic chemistry.



some websites and tools for calculating and predicting chemical properties:

1.ChemAxon Property Calculator (https://www.chemaxon.com/products/calculators/): ChemAxon offers a set of tools for calculating 
various chemical properties such as logP (partition coefficient), solubility, polarity, and more.

2.ChemSpider (https://www.chemspider.com/): In addition to being a chemical structure database, ChemSpider also provides calculations 
of chemical properties for listed compounds.

3.ChemDraw (https://www.perkinelmer.com/lab-solutions/resources/docs/CHU/CHU_MDL_CalculationCard.pdf): ChemDraw, developed 
by PerkinElmer, includes modules for calculating chemical properties and predictions, including molecular weight, polarity, solubility, and 
more.

4.RDKit (https://www.rdkit.org/): RDKit is an open-source collection of cheminformatics software that offers a wide range of chemical 
property calculations.

5.ACD/ChemSketch (https://www.acdlabs.com/products/draw_nom/draw/): ACD/ChemSketch is a molecular drawing software that 
includes tools for predicting various chemical properties.

6.Marvin (https://chemaxon.com/products/marvin): Marvin, also developed by ChemAxon, is another cheminformatics software that 
provides chemical property calculation capabilities.

7.PubChem (https://pubchem.ncbi.nlm.nih.gov/): PubChem, an NCBI resource, offers information on chemical properties for thousands of 
compounds, although online calculations are limited.

8.ChemDoodle (https://www.chemdoodle.com/): ChemDoodle offers a suite of tools for calculating and predicting chemical properties.

https://www.chemaxon.com/products/calculators/
https://www.chemspider.com/
https://www.perkinelmer.com/lab-solutions/resources/docs/CHU/CHU_MDL_CalculationCard.pdf
https://www.rdkit.org/
https://www.acdlabs.com/products/draw_nom/draw/
https://chemaxon.com/products/marvin
https://pubchem.ncbi.nlm.nih.gov/
https://www.chemdoodle.com/


http://fortune.com/2016/03/25/new-blockbuster-drugs-to-watch/

Atorvastatin, Like all statins, atorvastatin works by inhibiting HMG-CoA reductase, 

an enzyme found in liver tissue that plays a key role in production of cholesterol in the 

body.

http://fortune.com/2016/03/25/new-blockbuster-drugs-to-watch/


Caffeine on Pubchem

A methylxanthine naturally occurring in some beverages and also used as a pharmacological 

agent. Caffeine's most notable pharmacological effect is as a central nervous system stimulant, 

increasing alertness and producing agitation. It also relaxes smooth muscle, stimulates cardiac 

muscle, stimulates diuresis, and appears to be useful in the treatment of some types of 

headache. Several cellular actions of caffeine have been observed, but it is not entirely clear 

how each contributes to its pharmacological profile. Among the most important are inhibition of 

cyclic nucleotide phosphodiesterases, antagonism of adenosine receptors, and modulation of 

intracellular calcium handling.

MW: 194.1906 | MF: C8H10N4O2

IUPAC Name: 1,3,7-trimethylpurine-2,6-dione

Canonical SMILES: CN1C=NC2=C1C(=O)N(C(=O)N2C)C

InChI: 1/C8H10N4O2/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3



Ethanol CCO

Acetic acid CC(=O)O

Cyclohexane C1CCCCC1

Pyridine c1cnccc1

Trans-2-butene C/C=C/C

L-alanine N[C@@H](C)C(=O)O

Sodium chloride [Na+].[Cl-]

Displacement reaction C=CCBr>>C=CCI

SMILESTM

Simplified Molecular Input Line Entry System

Some simple SMILESTM examples: 

Canonical SMILES: CN1C=NC2=C1C(=O)N(C(=O)N2C)C

http://www.daylight.com/smiles/

http://www.daylight.com/smiles/


SMILES Basics

◼ Branching: Parentheses

◼ Cycles: Numerical annotations

 CCC(O)C

 CC(N)(N)O

 C1CCCC1

 N12CCCCC1CCCC2

 N#CC(C#N)N1C=CC=C1

◼ Extensions for

 Inorganic atoms, unusual valence, formal charges, stereochemistry, 
aromaticity, reactions, etc.

CH3

CH3 OH

OH
NH2

CH3
NH2

N

N

N

N



INCHI

Code IUPAC International Chemical Identifier (InChI) pour coder de manière unique 

les molécules, basé sur les tables de connexion, de façon canonique et compactée.  

Ce code prend en compte la stéréochimie sp2 et sp3, les isotopes, et la tautomérie.

Un codage unique par SMILES était dépendant du logiciel utilisé, InChI est généré 

par un algorithme gratuit.

Ce code possède un avantage par rapport au numéro CAS : il ne nécessite pas la 

centralisation des données.

InChI: InChI=1/C8H10N4O2/c1-10-4-9-6 5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&DB=pccompound&term=%22InChI=1/C8H10N4O2/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3%22%5bInChI%5d


Files of molecules 

in molecular modelling programs 

and in exchanges 



Files of 2D/3D molecules 

in molecular modelling programs 

and in exchanges 

https://pubchem.ncbi.nlm.nih.gov/vw3d/vw3d.cgi?cmd=crtvw&reqid=3273753637728925955

.SDF  .MOL  .MOL2  .PDB

https://pubchem.ncbi.nlm.nih.gov/vw3d/vw3d.cgi?cmd=crtvw&reqid=3273753637728925955


tyrosine.mol

OMFMANAGER09240711423D                 0.00000

14 14  0  0  0  0  0  0  0  0  1 V2000

-0.0167    1.3770    0.0096 C   0  0  0  0  0  0

0.0021   -0.0041    0.0020 C   0  0  0  0  0  0

1.2082   -0.6803   -0.0131 C   0  0  0  0  0  0

2.3980    0.0237   -0.0207 C   0  0  0  0  0  0

2.3846    1.4052   -0.0127 C   0  0  0  0  0  0

1.1761    2.0859    0.0020 C   0  0  0  0  0  0

1.1603    3.4448    0.0095 O   0  0  0  0  0  0

1.2257   -2.1872   -0.0209 C   0  0  0  0  0  0

1.2452   -2.7044    1.4189 C   0  0  1  0  0  0

0.0466   -2.2323    2.1250 N   0  0  0  0  0  0

1.2627   -4.2113    1.4111 C   0  0  0  0  0  0

2.2716   -4.8677    0.8171 O   0  0  0  0  0  0

0.3685   -4.8286    1.9396 O   0  0  0  0  0  0

2.1356   -2.3333    1.9263 H   0  0  0  0  0  0

1  2  2  0  0  0  0

6  7  1  0  0  0  0

3  4  2  0  0  0  0

3  8  1  0  0  0  0

4  5  1  0  0  0  0

9 10  1  0  0  0  0

2  3  1  0  0  0  0

9 11  1  0  0  0  0

5  6  2  0  0  0  0

11 12  1  0  0  0  0

6  1  1  0  0  0  0

11 13  2  0  0  0  0

8  9  1  0  0  0  0

9 14  1  0  0  0  0

M  END

$$$$

OH

NH2

OHO

H

3D

Notion de Multi fichiers



MDL Connection Table

◼ Header Block

 data on molecule name and file origin

 counts of atoms and bonds etc.

Tyrosine

  -ISIS-  08220120432D

 13 13  0  0  0  0  0  0  0  0999 V2000

9

OH

CH
2

CHNH
2

OHO
13

4

5

6

8

11

12

13
.mol, .mol2…



MDL Connection Table

◼ Atoms block

 one line per atom

 specifies X,Y,Z-coords, atom symbol, isotope, charge, stereo code 

etc.

0.2459   -1.4736    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.5815   -1.4724    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.9944   -2.1872    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.5810   -2.9037    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

    0.2495   -2.9008    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

    0.6586   -2.1854    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

    1.4836   -2.1830    0.0000 O   0  0  0  0  0  0  0  0  0  0  0  0

   -1.9042   -2.1792    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

   -3.1027   -2.1870    0.0000 C   0  0  3 0  0  0  0  0  0  0  0  0

   -3.1359   -1.1516    0.0000 N   0  0  0  0  0  0  0  0  0  0  0  0

   -3.9070   -2.1847    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0

   -4.4070   -2.6845    0.0000 O   0  0  0  0  0  0  0  0  0  0  0  0

   -4.4989   -1.5618    0.0000 O   0  0  0  0  0  0  0  0  0  0  0  0

Stéréochimie inconnue



MDL Connection Table

◼ Bonds Block

 one line per bond (each bond shown once)

 specifies row numbers for atoms, and codes for bond type, bond 

stereochemistry etc.
1  2  2  0  0  0  0

  6  7  1  0  0  0  0

  3  4  2  0  0  0  0

  3  8  1  0  0  0  0

  4  5  1  0  0  0  0

  9 10  1  0  0  0  0

  2  3  1  0  0  0  0

  9 11  1  0  0  0  0

  5  6  2  0  0  0  0

 11 12  1  0  0  0  0

  6  1  1  0  0  0  0

 11 13  2  0  0  0  0

  8  9  1  0  0  0  0

M  END



3D DATABASE



http://www.ccdc.cam.ac.uk

http://www.ccdc.cam.ac.uk/




http://www.rcsb.org/

Dr Stefano Trapani

http://www.rcsb.org/pdb/home/home.do


Software to visualize 3D



Need a 

license 

if you 

want to 

use in 

publicati

on

https://pymol.org/edu/?q=educational/


The overall structure is approximately 170 Å 

in height 

and 100 Å in the longest dimension of the 

width 

https://www.ks.uiuc.edu/Development/Download/download.cgi?PackageName=VMD
https://www.ks.uiuc.edu/Development/Download/download.cgi?PackageName=VMD


https://www.cgl.ucsf.edu/chimerax/


Image sur http://www.chem.leeds.ac.uk 

Importance de la surface 



Domains of Chemoinformatics

Chemoinformatics is an interdisciplinary field that combines chemistry, computer science, and information technology to analyze 

and model chemical data.

1. Chemical Structure Databases, visualization, properties, searching and retrieving :

   - Creating 2D and 3D visual representations of molecules : ChemSketch…

   - Managing vast databases of chemical structures : PubChem, ChemSpider. PDB, CCSD.

- Representation and research structures and substructures : Molecular Graphes. 

- Similarity search (2D / 3D), clustering and diversity analysis : Tanimoto, clustering.

- Search chemical molecules, patent databases or chemical reactions

   - QSAR (Quantitative Structure-Activity Relationship) modeling.

         2.       Molecular Modeling ant Interactions :

   - Predicting molecular structures and properties : homology modeling, A.I.

   - Molecular dynamics simulations.

   - Molecular docking simulations.

   - Pharmacophore modeling.



Théorie des graphes (wikipedia)

Le terme de graphe désigne en mathématiques une

opération d'application.

•le graphe d'une fonction (à distinguer de sa

représentation graphique)

•un objet représentant une relation binaire, orientée ou

non, entre des éléments d'un ensemble (dans le cas de

plusieurs relations entre éléments, on parle

d'hypergraphe).

Un exemple de

graphe non orienté

avec 6 sommets et 7

arêtes

Théorie des graphes moléculaires

http://fr.wikipedia.org/wiki/Image:6n-graf.svg
http://fr.wikipedia.org/wiki/Fonction_%28math%C3%A9matiques%29
http://fr.wikipedia.org/wiki/Relation_binaire
http://fr.wikipedia.org/wiki/Ensemble
http://fr.wikipedia.org/wiki/Hypergraphe


Chemical Structure Representation and 

Search Systems
Lecture 4. Nov 11, 2003

John Barnard 

Barnard Chemical Information Ltd

Chemical Informatics Software & Consultancy Services

Sheffield, UK
pdf

https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiguYP02KDPAhXBXRQKHQATA-YQFgg8MAI&url=http%3A%2F%2Fwww.indiana.edu%2F~cheminfo%2FC571%2Fc571_Barnard4.ppt&usg=AFQjCNGKkQ4YD0_aHp6Mdjag-glHF80KCw&sig2=IyJ10XwSypwBEx0TkzEubg&cad=rja


• full structure search
• query is is complete molecule
• is this molecule in the database?

or tautomers, stereoisomers etc. of it, 

• substructure search
• query is a pattern of atoms and bonds
• does this pattern occur as a substructure  of any of the molecules in my database?

Dr John Barnard 

Chemical Structure Representation and 

Search Systems

Graph isomorphism is an important concept in graph theory and chemistry, particularly when studying molecular graphs. 

Molecular Graph: A molecular graph is a representation of a chemical molecule in the form of a graph. 
Atoms are represented by vertices (nodes), and chemical bonds between atoms are represented by edges (edges) 
connecting the vertices.

http://fr.wikipedia.org/wiki/Image:6n-graf.svg


Graph Isomorphism: Graph isomorphism is a relation between two graphs, indicating that they are "essentially the same" in terms of their structure. In other words, two graphs are 

isomorphic if they have the same topology, meaning they can be transformed into each other while preserving the connectivity between vertices and edges, possibly by renaming the 

vertices. In the context of molecular graphs, graph isomorphism is essential because it allows us to compare different molecules to determine if they share the same underlying structure, 

even if they may have different types of atoms. Here's how it works:

Suppose you have two molecules, A and B, each represented as a molecular graph. To determine if these two molecules are isomorphic, you can follow these steps:

1. Assign Labels to Vertices: Assign a label (or tag) to each vertex of the graph, indicating the type of atom it represents (e.g., C for carbon, H for hydrogen, O for oxygen, etc.).

2. Compare Graph Structure: Compare the structure of the graphs by examining the bonds between atoms. Ensure that the chemical bonds (edges) between vertices are the same, meaning 

they connect the same types of atoms and have the same spatial configuration.

3. Verify Isomorphism: If the graphs have the same basic structure, even if the atoms have different labels, then the two molecules are considered isomorphic on a structural level.

It's important to note that graph isomorphism does not consider the specific chemical properties of atoms (such as their charge or electronegativity) but only how they are connected within 

the molecule.

In summary, graph isomorphism for molecular graphs allows us to determine if two molecules share the same underlying structure while ignoring specific atomic details. This can be useful 

in chemical research for comparing molecules and understanding their structural similarity.

Adjacency Matrix: A mathematical way to represent a graph is through its adjacency matrix. This matrix is a square matrix where each element A[i][j] indicates whether there is an edge 

between vertices i and j. If A[i][j] is nonzero, it means there is a connection between vertices i and j. In the context of molecules, this matrix is often binary (0 for absence of a bond, 1 for 

presence of a bond).

Permutation Invariance: To compare two molecular graphs, you can begin by checking if they share the same fundamental structure, meaning they have the same adjacency matrix. If both 

graphs have the same adjacency matrix, it implies they have the same connectivity between atoms.

Graph Isomorphism: Formally, two graphs are considered isomorphic if they can be transformed into each other by permuting their vertices. In other words, if you can rearrange the vertices of 

one graph in such a way that it has the same adjacency matrix as the other graph, then the two graphs are isomorphic.

Mathematically, if you have two graphs G1 and G2 with adjacency matrices A1 and A2, they are isomorphic if there exists a permutation P of the vertices of G1 such that:

A1[i][j] = A2[P(i)][P(j)]

This means that the bond relationships between atoms are preserved, even if the vertices (atoms) are rearranged.

In summary, to compare the structure of two molecular graphs, you can use their adjacency matrices and check for isomorphism by finding a permutation of the vertices that preserves the 

chemical bonds. If such a permutation exists, then the two graphs are considered isomorphic in terms of structural properties.



Graph Isomorphism

In graph theory terms, when two full structures match, their graphs are said 

to be isomorphic

◼ each node N1 in G1

must be mapped 

to a node N2 in G2

◼ neighbours of N1

must map to 

neighbours of N2

John Barnard 



Graph isomorphism by brute force

◼ for each node in G1

 map it against an unmapped node in G2

◼ check that neighbours of each node map appropriately in the two graphs

◼ if each graph has n nodes there are n! ways of doing this

 n × (n-1) × (n-2) × (n-3) … × 3 × 2 × 1

 this is a big number if n is anything non-trivial

 9! =      362 880

 10! = 3 628 800

John Barnard 

Some algorithms may have complexity O(n3), O(n4), O(log n), O(n log n) etc.

these are all “polynomial” time algorithms

Some algorithms have exponential complexity, e.g. O(2n)

this is much slower than polynomial

Brute-force graph isomorphism is O(n!)

–this is even slower than simple exponential

non-polynomial - The set or property of problems for which no polynomial-time algorithm is known.

This includes problems for which the only known algorithms require a number of steps which increases exponentially with 

the size of the problem, and those for which no algorithm at all is known. Within these two there are problems which are 

"provably difficult" and "provably unsolvable".

polynomial-time algorithm - A known algorithm (or Turing Machine) that is guaranteed to terminate within a number of 

steps which is a polynomial function of the size of the problem.

polynomial - An arithmetic expression composed by summing multiples of powers of some variable.

OH

CH
2

CHNH
2

OHO

OH

CH
2

CHNH
2

OHO

http://computing-dictionary.thefreedictionary.com/polynomial-time algorithm
http://computing-dictionary.thefreedictionary.com/algorithm
http://computing-dictionary.thefreedictionary.com/algorithm
http://computing-dictionary.thefreedictionary.com/provably difficult
http://computing-dictionary.thefreedictionary.com/provably unsolvable
http://computing-dictionary.thefreedictionary.com/algorithm
http://computing-dictionary.thefreedictionary.com/Turing Machine
http://computing-dictionary.thefreedictionary.com/polynomial


NP-complete problems

◼ graph isomorphism is probably NP-complete

◼ subgraph isomorphism is a generalisation of graph isomorphism

 nodes in G1 (query structure) must be mapped to subset of 

nodes in G2 (database structure)

 i.e. G1 is a subgraph G2

◼ subgraph isomorphism has been proven to be NP-complete

◼ Much effort has been expended on this problem over the past 40+ 

years

 closely-related problems remain an active area of research

Speeding up subgraph isomorphism

1. use a faster computer

2. use tricks to avoid exploring potential solutions that are bound to fail

3. do most of the work in a pre-processing of the database structures, 

independently of the query

How to ? 



Screening using fingerprints

Fingerprints are a very abstract representation of certain structural features of a 

molecule. Unlike a structural key with its pre-defined patterns, the patterns for a 

molecule's fingerprint are generated from the molecule itself. The fingerprinting 

algorithm examines the molecule and generates the following: 

a pattern for each atom

a pattern representing each atom and its nearest neighbors (plus the bonds that join 

them)

a pattern representing each group of atoms and bonds connected by paths up to 2 

bonds long

... atoms and bonds connected by paths up to 3 bonds long

... continuing, with paths up to 4, 5, 6, and 7 bonds long.

Aim : Remove compounds that are not a solution 



2em solution. Screening using Structural keys 

and fingerprints

Fingerprints are a very abstract representation of certain structural features of a 

molecule. 

Aim : Remove compounds that are not a solution 



Nb C >=6 0

Présence de N 1

Présence de c=O 1

Présence de O 1

OC=CN: Fingerprints are a very abstract representation of certain structural features 

of a molecule. Fingerprints address the lack of generality of Structural keys by 

eliminating the idea of pre-defined patterns. 

Présence de S 0

Présence de C-C 0

Présence de N-O 0

Présence de C=N 1

Aim : Remove compounds that are not a solution 

Screening using fingerprints



Screening using fingerprints

1 2 3 4 5 6 7 8 9

1 1 1 1 0 1 1 0 1

Nb C >=6 0

Présence de N 1

Présence de c=O 1

Présence de O 1

1 2 3 4 5 6 7 8 9

1 4 1 2 0 1 3 0 1

Binairy

Continuous

b) « bit strings » with Dictionary fingerprints

Présence de S 0

Présence de C-C 0

Présence de N-O 0

Présence de C=N 1

http://www.daylight.com/dayhtml/doc/theory/theory.fin

ger.html

http://www.daylight.com/dayhtml/doc/theory/theory.finger.html
http://www.daylight.com/dayhtml/doc/theory/theory.finger.html


Query: 00000100010101000001010011010100
DB struct 1: 00010100010101000101010011110100    MATCH
DB struct 2: 00000000100101001001000011100000    NO MATCH

“Ultimately we still have to use a real substructure search to get a 100%-confident”
(Chemical information system, Inc.)

That means = at the end, with selected compounds one will perform a Graph 
Isomorphism.

Bit (acr. angl.) (contraction de Binary Digit)

C'est l'unité binaire de quantité d'information qui peut représenter deux valeurs distinctes : 0 ou 1. Un champ de 8 bits 

constituant ce qu'on appelle 1 byte ou 1 octet. Un mot de longueur l construit sur cet alphabet est une suite finie de l

bits. En anglais on appelle une telle suite finie un bit string.

wikipedia

http://www.dicofr.com/cgi-bin/n.pl/dicofr/definition/20010101000508
http://www.dicofr.com/cgi-bin/n.pl/dicofr/definition/20010101002600
http://www.dicofr.com/cgi-bin/n.pl/dicofr/definition/20010101001000
http://www.dicofr.com/cgi-bin/n.pl/dicofr/definition/20010101000546
http://www.dicofr.com/cgi-bin/n.pl/dicofr/definition/20010101003816




Conformational space of molecules



Recherche à partir d’un Pharmacophore

N

N

N

O

N

O

O

Mesure des distances 

des groupements 

nécessaires à l’activité 

biologique.

Xtalo, RMN, docking. 

Conformation bioactive ligand-protéine

Un pharmacophore est l'ensemble des groupements fonctionnels disposés selon un 

arrangement spatial adéquat, assurant la fixation sur le récepteur et donc capable d'induire la 

réponse physiologique.

http://fr.wikipedia.org/wiki/Pharmacophore


La requête de sous structure en tenant compte de distances. 

◼ Les molécules sont des objets en 3D. Extension des méthodes 2D de

recherche de sous structures (isomorphisme de graphe, screening) pour

permettre de tenir compte de cette 3D (Pfizer and Lederle, 1987).

◼ Connaître/stocker les molécules de la database sous forme 3D.

 Donnée expérimentale (Cambridge Structure Database)

 Modélisation moléculaire (mécanique quantique, dynamique

moléculaire)

 Passage 2D -> 3D via CONCORD (Texas, 1987) ou CORINA

(Munich/Erlangen, 1990)

◼ Par la suite, recherche en tenant compte de la flexibilité (Tripos, 1994).
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Exemple de recherche sur une banque commerciale



Les grands domaines de la chemoinformatique.

• Représentation et recherche de structures et de sous-structures.

• Recherche de similarité (2D/3D), clustering et analyse de diversité. 

Similarité : Caractère similaire. 

Synonyme ressemblance

Molécules similaires  =  propriétés similaires

Molécule de référence

Molécules avec des 

propriétés similaires

Propriétés différentes

http://www.linternaute.com/dictionnaire/fr/definition/caractere/
http://www.linternaute.com/dictionnaire/fr/definition/similaire/
http://www.linternaute.com/dictionnaire/fr/definition/ressemblance/


Recherche de similarité, pourquoi

- Recherche de composés similaires à une molécule d’intérêt 

ou entre eux (clustering).

- Évaluation de la diversité d’une Database. 

Ces composés seront classés par ordre (rank) de similarité.

- Techniques de criblage virtuel pour trouver des molécules 

susceptibles de présenter une activité biologique.

Exemple : - Une seule molécule active

- SAR peu précise

- Ne permet pas une recherche par fragment.

Recherche par similarité



Similarité = structure chimique ?

Similarité =  Activité ?

Similarité = structure + activité ?

Similarité = même propriétés physico-chimiques à la surface de la molécule (3D) ? 

Target structure = molécule d’intérêt avec des spécifications chimiques, biologiques etc…

Pour la similarité biologique il faudra tenir compte de la protéine cible

Recherche de similarité. Structure ? Activité ? 2D ? 3D ? 



Qu’est ce qui définit une ressemblance ?

des fragments communs ?

des volumes, masses ?

Qu’est ce qui détermine une différence ?



Pour évaluer la similarité entre 2 molécules, il faut :

1) Définir un schéma descriptif commun à toutes les molécules. (molécule

d’intérêt et Data base).
Ce schéma descriptif utilisé pour caractériser les molécules est composé

d’éléments comme des sous structures (fragments), des indices de descripteurs

topologiques, des éléments en relation avec la 3D…

Ces différents éléments peuvent être pondérés pour moduler certains paramètres,

certaines propriétés physico-chimiques…

2) A partir de ces éléments calculer un coefficient de similarité, une

distance moléculaire.

Recherche de similarité (2D/3D), comment.

Schéma qui doit  être adapté en fonction du problème (2D/3D), des outils, des banques.



-

Les descripteurs moléculaires

Molecular similarity and diversity in chemoinformatics: From theory to applications 

Authors: Maldonado, Ana; Doucet, J.; Petitjean, Michel; Fan, Bo-Tao1

Source: Molecular Diversity, Volume 10, Number 1, February 2006 , pp. 39-79(41)

Publisher: Springer

Figure 1: Quelques exemples de descripteurs et leur classification en 1D, 2D et 3D.

http://www.ingentaconnect.com/content/klu/modi/2006/00000010/00000001/00008697;jsessionid=1onhetrvy29fr.alice?format=print#aff_1
http://www.ingentaconnect.com/content/klu/modi;jsessionid=pr9j90rg28ol.alexandra
http://www.ingentaconnect.com/content/klu;jsessionid=pr9j90rg28ol.alexandra


Descripteurs 2D

Les indices

• constitutionnels: fc. des différents composants de la molécule (nombre de liaisons, 

liaisons libres de rotation, doubles, nombres de cycles, fragments pré-

définis (voir sous graphes)).

• topologiques: Indices de Balaban, de Wiener, de Kier, de Petitjean, de Randic…

• Propriétés physico-chimiques: Surfaces de Van der Waals des atomes, clogP, donneur 

accepteur de liaisons hydrogènes.

Les descripteurs moléculaires



• géométriques: Appliqués aux distances géométriques (Wiener ...)

• Propriétés physico-chimiques: Fonction de l’agencement spatial des 

atomes, surface accessible au solvant, le potentiel électrostatique.

Descripteurs 3D

Les descripteurs moléculaires

Les indices



An electric potential (also called the electric field potential or the electrostatic potential) is the amount of electric potential 

energy that a unitary point electric charge would have if located at any point in space, and is equal to the work done by 

an electric field in carrying a unit positive charge from infinity to that point.

http://molecularmodelingbasics.blogspot.fr/2009/12/electrostatic-potential.html

Carte ou Surface du Potentiel électrostatique

http://chemwiki.ucdavis.edu/Theoretical_Chemistry/Chemical_Bonding/General_Principles_of_Chemical_Bonding/Electrostatic_Potential_maps

Electrostatic potential maps are very useful three dimensional diagrams of 

molecules. They enable us to visualize the charge distributions of molecules 

and charge related properties of molecules

http://molecularmodelingbasics.blogspot.fr/2009/12/electrostatic-potential.html
http://chemwiki.ucdavis.edu/Theoretical_Chemistry/Chemical_Bonding/General_Principles_of_Chemical_Bonding/Electrostatic_Potential_maps


Image taken from ‘Virtual screening and ADME’

György M. Keseru



Recherche de similarité (2D/3D), comment.



Fingerprint, calcul

Lien sur le net

0 1 1 0 1 0 1 0 1 0

0,3 42 17,3 11 4,8 14,7 0,5 -5,1 57,4 1,02

a) Fingerprint binaire

b) Valeur numérique

Logp Surface

http://www.qsarworld.com/insilico-chemistry-fingerprint-based-similarity.php


Coefficient de Tanimoto



Coefficient de similarité et distance



www.hit2lead.com

https://www.hit2lead.com/


Cluster Analysis

◼ Classer des molécules en fonction de leur similarité.

◼ Les molécules dans le même cluster sont similaires et inversement 
(notion de seuil).

◼ Nombreux algorithmes.

Downs, G. M., Barnard, J. M., Rev. Comput. Chem., 18 (2002)



Clusters Hiérarchiques et non-hiérarchiques

3 42 5 6 7 81

Les molécules sont dans les différents clusters

1 23 4 5 6 78

Notion de seuil pour définir le nombre de clusters 



a)  Achat de composés différents. 

Enrichissements de banques. 

Limiter les redondances.

Classification des nouveaux composés acquis.

b)  HTS : Un composé par cluster en première approche.

Composés du même cluster qu’une molécule active.

c)  Diversité moléculaire pour optimiser la recherche de ‘Hits’. 

(large spectre, représentation des différents clusters)

d)  Favoriser une étude QSAR.

Cluster Analysis



Preparation of a molecular database from a set of 2 million compounds for 

virtual screening applications :

gathering, structural analysis and filtering.

Université d'Orléans

Diversité de Chimiothèques



Introduction

 

  HTS needs that content of the screening libraries is of high quality. Redundant and 

non appropriate (reactive and toxic) structures have to be removed and a high diversity is 

required to increase the likelihood that novel active compounds are discovered during the 

screening process. 

  

In this study, 15 libraries were gathered from diverse origins :

 - The uniqueness of the libraries was compared.

 - Their diversity was investigated and visualized graphically, using MACCS 

fingerprints and recently designed 2D surface descriptors. 

 - The drug-likeness of these databases was also assessed using some 

common chemical features.



Company Library name www address

AcbBlocks ACB http://www.acbblocks.com

Asinex Asinex http://www.asinex.com

Key Organics Bionet
http://www.keyorganics.ltd

.uk

ChemBridge ChemBridge
http://www.chembridge.co

m

ChemDiv ChemDiv
http://www.chemdiv.com/m

ain.phtml

ChemStar Chemstar http://www.chemstar.ru

InterBioScreen IBS http://www.ibscreen.com

MayBridge MaybBridge
http://www.maybridge.com

Molecular Diversity 

Preservation International
MDPI http://www.mdpi.org

NCI/NIH Developmental

Therapeutics Program
NCI

http://dtp.nci.nih.gov/index

.html

Tripos Tripos http://www.tripos.com

Diversité de Chimiothèques



Redundancy

  The internal duplication rate in each database and the redundancy between databases were evaluated. Non-

stereospecific SMILES codes were used because of the lack of any stereochemistry information in some libraries.

All except one stereoisomer of each compound were removed. 

The doubloons in each library (blue) 

Non-organic compounds (black) 

Compounds found only in this chemical library (red)

 

Compounds which are common to the one with the 

largest redundancy among the 14 other libraries 

(green) 

The other redundant compounds with other libraries 

(yellow) 



Diversity

 The molecular diversity of each database was quantified using 2D molecular 

descriptors based on atomic contributions to van der Waals surface area, log P, molecular 

refractivity, and partial charge. They have the advantage of being conformation 

independent and so very quickly calculated. They are supposed to capture hydrophobic 

and hydrophilic effects, polarizability and electrostatic interactions. 

 a) Similarity indices between compounds of each database were calculated using the 

Tanimoto coefficient. The diversity of a database was expressed as the fraction of 

compounds which has a similarity index < 0.6, 0.7 or 0.8, on average, with the other 

compounds of the database.

 b) The set of 166 MACCS structural keys were also calculated for each compound. 

Then, it was reduced with principal component analysis (PCA). The compounds were 

displayed on a graph using the 2 first latent variables. In this way, the diversity and the 

location of each database in the chemical space were graphically compared.



The NCI, MDPI, MsDiscovery and Maybridge databases to a minor extent are the most diverse libraries. 

For instance, 31 % of the molecules in the NCI library are < 0.6 similar to the other molecules of this 

database and 95% are < 0.8 similar to the other molecules. 

ICOA database is the least diverse. Less than 40 % of the molecules are < 0.8 similar to the other 

compounds. These products come from one single lab which certainly explains this result.





Lipinski, rules of 5

1.Poids moléculaire < 500 (opt ~= 350)

2.Nbre de liaisons H accepteurs < 10 (opt ~=5)

3.Nbre de liaisons H donneurs < 5 (opt ~=2)

4. -2 < clogP < 5 (opt ~= 3)

5.Nbre d’angles de rotation =< 5/ Pas plus de 5 noyaux attachés

Le dogme pour faire un médicament 

Lipinski et al, Adv. Drug. Del. Rev., 23, 3-25 (1997)



Oui mais… 25% des ‘highly active molecules’ ne respectent pas le Rule of 5



Domains of Chemoinformatics

Chemoinformatics is an interdisciplinary field that combines chemistry, computer science, and information technology to analyze and model 

chemical data.

1. Chemical Structure Databases, visualization, properties, searching and retrieving :

   - Creating 2D and 3D visual representations of molecules : ChemSketch…

   - Managing vast databases of chemical structures : PubChem, ChemSpider.

- Representation and research structures and substructures : Molecular Graph-structure.

- Similarity search (2D / 3D), clustering and diversity analysis : Tanimoto, clustering.

- Search chemical molecules, patent databases or chemical reactions

   - QSAR (Quantitative Structure-Activity Relationship) modeling.

            2.       Molecular Modeling ant Interactions :

   - Predicting molecular structures and properties : homology modeling.

   - Molecular dynamics simulations.

   - Molecular docking simulations.

   - Pharmacophore modeling.

   - A.I.



http://www.cas.org/

http://www.cas.org/support/academic/sf/index.html












Accessing Patents on Molecules : Scientific research and intellectual property 
protection

Markush structure (time consuming)

https://www.epo.org/
https://worldwide.espacenet.com/patent/search
https://www.uspto.gov/
https://patentscope.wipo.int/search/en/search.jsf;jsessionid=1193CD277CE1C3A39BE20B51E1842CBB.wapp1nC
http://www.wipo.int/ipdl/fr/


Structures de Markush

◼ Structures moléculaires qui incluent un degré de variabilité 
(Structures génériques, R-groupes)

R1

R2

O

*

OH

*

R1=

CH
2

*
CH

3
CH

2

* CH
2
CH

3 CH
2

* CH
2
CH

2
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Domains of Chemoinformatics

Chemoinformatics is an interdisciplinary field that combines chemistry, computer science, and information technology to analyze and model 

chemical data.

1. Chemical Structure Databases, visualization, properties, searching and retrieving :

   - Creating 2D and 3D visual representations of molecules : ChemSketch…

   - Managing vast databases of chemical structures : PubChem, ChemSpider.

- Representation and research structures and substructures : Molecular Graph-structure. 

- Similarity search (2D / 3D), clustering and diversity analysis : Tanimoto, clustering.

- Search chemical molecules, patent databases or chemical reactions

   - QSAR (Quantitative Structure-Activity Relationship) modeling.

            2.       Molecular Modeling ant Interactions :

   - Predicting molecular structures and properties : homology modeling.

   - Molecular dynamics simulations.

   - Molecular docking simulations.

   - Pharmacophore modeling.

   - A.I.
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