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Context

PROTEIN 
KINASE

Representation made with CORAL web application ; Metz et al., Cell Systems, 2018, 7 (3) ; doi.org/10.1016/j.cels.2018.07.001

Protein Kinase A, G, 
and C families

Tyrosine Kinase-Like
Tyrosine Kinase

CMGC group (named 
after the initials of 
some members)

Calmodulin/Calcium 
regulated kinases

Homologs of the yeast 
STE7, STE11 and STE20 
genes

Cell Kinase 1

KINOME TREE
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Mechanism of action

Phosphorylation of proteins on hydroxyl groups (OH) 
→ Protein Activation / Deactivation via a phosphate group transfer

PROTEIN
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INHIBITORS

PKI – TYPE IV

• Allosteric inhibitors
• Various sites of 

action

PKI – TYPE V

• Bivalent inhibitors
• ATP binding site + 

adjacent pocket
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• Covalent binding 
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Breakpoint 

Cluster Region

ABL =
Abelson

BCR 
gene

ABL1 
gene

Fusion protein
• intracellular protein
• deregulated tyrosine kinase activity 
• stimulates blood cell division

CHRONIC MYELOID LEUKAEMIA (CML)

BCR-ABL1 
gene

Philadelphia 
chromosome

Chromosome 22

Chromosome 9

Mutation 
t(9;22) (q34;q11) 
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Automatically computes pharmacophores from a large data set of molecules without 
any supervised selection of molecules

Pharmacophores

NORNS

Métivier et al., J Med Chem, 2018, 61

PHARMACOPHORE EXPLORATION AND EVALUATION 

Query based on 2D pharmacophores

SCREENING OF MOLECULAR 
DATABASES

Discriminative capability through 
Emerging Pattern calculation 

SEARCH FOR MULTI-ACTIVE 
MOLECULES

Able to identify features occurring 
with high or low frequencies

DEFINITION OF 
PHARMACOPHORE SPACE

9



Pharmacophores

Métivier et al., J Med Chem, 2018, 61
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dataset

Computation of the combinations of 
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NORNS
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Frequency threshold
According to the number of 
molecules covered by the 

pharmacophore (support size)

NORNS

C

Growth rate
Ratio between fit frequencies of 
a pharmacophore within the 2 

groups (active vs inactive)

Active
Inactive

GR =
Fit frequency within actives

Fit frequency within inactives
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Pharmacophores

MW ≤ 800 g/mol

Ki or IC50

11

ABL1 ligands 
(CHEMBL-24 ; Target ID CHEMBL1862, 

16 059 records)

(15 255 records)

773 of which with Ki or IC50 ≤ 100 nM

1479 compounds
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Pharmacophore generation:

From 1 to 7 motifs

STEP 1

Sdf reader: 1479 compounds
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Considering molecule subsets:
Distinct pharmacophores covering the 

exact same molecule subset form a 
General Equivalent Class (GEC).

Distinct pharmacophores covering the 
exact same molecule subset and 

sharing a family relationship form a 
Structured Equivalent Class (SEC).

⇒ From a relational DAG to a SEC-clusterized relational
diagram
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Order: 4
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Consideration of pharmacophore 
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↓
Listing of all pharmacophore 

successors (children)

⇒ From a relational DAG to a SEC-clusterized relational
diagram

… …

Same order

SEC

SEC = Structured Equivalent Class
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SEC = Structured Equivalent Class

PAD = Pharmacophore Activity Delta

15 477 SEC

The search for outstanding details among
pharmacophores

Generators
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FROM SEC TO PAD ?

SEC = Structured Equivalent Class
PAD = Pharmacophore Activity Delta

One example in O2 PADs

20 19 1

Order: 1

Order: 2

Active

Inactive

PK type I inhibitorsPK type II inhibitors No activity

226 essential pharmacophoric motifs
Hydrophobic group

Aromatic cycle 
Hydrogen-bond donor

Hydrogen-bond acceptor
Negatively-ionizable function
Positively-ionizable function
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Alkaline moiety able to interact with
an acid residue

Phenylbenzotriazinamine linker able 
to angle properly the two terminal 
moities

Constant phenol in terminal position

23



Alkaline moiety able to interact with
an acid residue

Phenylbenzotriazinamine linker able 
to angle properly the two terminal 
moities

Constant phenol in terminal position

J. Med. Chem. 2008,51,1546–1559

23



Alkaline moiety able to interact with
an acid residue

Phenylbenzotriazinamine linker able 
to angle properly the two terminal 
moities

Constant phenol in terminal position

J. Med. Chem. 2008,51,1546–1559

PKI 
type I
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Pyrrazolopyridine able to 
interact with hydrophilic
residues

Constant central benzene for 
hydrophobic contacts

Alkaline moiety able to 
interact with an acid residue
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Predictive binding mode 
https://pubs.acs.org/doi/pdf/10.1021/jm301581y
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Predictive binding mode 
https://pubs.acs.org/doi/pdf/10.1021/jm301581y

Pyrrazolopyridine able to 
interact with hydrophilic
residues

Constant central benzene for 
hydrophobic contacts

Alkaline moiety able to 
interact with an acid residue
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OLVEREMBATINIB N-hydroxyamide
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OLVEREMBATINIB N-hydroxyamide NO BIOACTIVITY 
TOWARDS BCR-ABL
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OLVEREMBATINIB

PAD (siblings): global visualization of differents molecular assemblies
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Directed Acyclic Graph (DAG)
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DAG visuE. Lehembre et al., POSTER #13

An interactive visualization tools from Bordeaux University
DAVID AUBER 

THEO DUPONT 
THOMAS BARILLOT 

To go further into structural entities and pharmacophore DAG: THIERNO-AMADOU DIALLO 
NICOLAS MAJOREL 

SOUFIANE EL-KHAILI
YOHAN LEMATRE 
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Summary

SEC = Structured Equivalent Class
PAD = Pharmacophore Activity Delta

Initial dataset: 
1479 molecules

(773 active
+706 inactive ones)

NORNS 112 291 
pharmacophores

NORNS
Lattice 15477 SEC

Structured
Equivalent Class

NORNS
Lattice 32 PAD

Pharmacophore 
Activity Delta

NORNS
289 molecules
covered
159 active 
+ 130 inactive ones
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⇨ Use of new pharmacophoric descriptors
and Neural Network/Clustering
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