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Strategies in PPI Drug Discovery

Structure-Based

Fragment Screening

§ Diverse Focused Database
§ Conformational Sampling

X-ray

Growing

Chemical Library 
Design

§ Machine Learning
§ SVM/RF

PPI-oriented Libraries

Knowledge-Based

Virtual Screening

§ Molecular Dynamics
§ Docking
§ Pharmacophore filtering
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Chemical Library Design

§ Machine Learning
§ SVM/Random Forest

PPI-oriented Libraries

Knowledge-Based

Pagliaro et.al, 2004
Curr. Opin. Chem. Biol. 8, 442-9

Strategies in PPI Drug Discovery (PART I)
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MJ Basse

http://2p2idb.cnrs-mrs.fr

2P2IDB

Since 2008…

P Roche

2P2IDB: A STRUCTURAL DATABASE

Strategies in PPI Drug Discovery (PART I)
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2P2IDB : A Structural Database

Strategies in PPI Drug Discovery (PART II)

B A

Free Proteins

>700

AB

Protein-Protein

AI

Protein-Ligand
Structural Database

Bourgeas, Basse, Morelli and Roche (2010) PLoS ONE 5:e9598 
Basse, Betzi, …, Morelli and Roche (2013) Nucleic Acid Research, 41: D824-827
Basse, Betzi, Morelli and Roche (2016) Database (Oxford). 

55
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Morelli, X., Bourgeas, R., and Roche, P. (2011). Current Opinion Chemical Biology 15, 475-481.

SVM

Ro4
In house PPI Chemical Library

1664 cpds
2P2I3D

2P2I Descriptors

Strategies in PPI Drug Discovery (PART I)
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A Diverse & Privileged-based PPI-oriented 
Chemical Library 

2P2I3D: A PPI-Oriented Chemical Library

2016
5 PPI Targets Bromodomains 2016

2013

Sperandio O, Villoutreix B, Morelli X. and Roche P.

Med Sci (Paris), 31, 312-319.

Chemical libraries dedicated to 
protein-protein interactions

2015Médecine/sciences

Proof of concept validated

Strategies in PPI Drug Discovery (PART I)
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‘Fr-PPICHEM’ : a French National initiative

v2.0 (MedChem) using updated algorithms, ADMET Filters
ØNational Program (ANR) => 10.000 Compounds PPI-Library

O. SPERANDIO
B. VILLOUTREIX

PARIS Descartes
Institut Pasteur

P. BONNET
ORLEANS

M.O. FAUVARQUE
CEA GRENOBLE

J.C. GUILLEMOT
MARSEILLE

J.C. RAIN
M.E. GOURDEL

PARIS

PPICHEM

10
,0

00

X. MORELLI
P. ROCHE

MARSEILLE

PPICHEM

10,000 cpds

New Larger Version of 2P2I3D

C Muller

Strategies in PPI Drug Discovery (PART I)

P Roche
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Source

Pasteur CRCM Both

49.2% 49.8% 1.0%

10,314 Compounds 
Received

10,419 Compounds 
Purchased

Fr-PPICHEM : Purchase & Properties

Quality Control

Median 464.1 Da

Average MW 462.4 Da

≥400 (79%)

Strategies in PPI Drug Discovery (PART I)
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Strategies in PPI Drug Discovery (PART I)

Chemical Library 
Design

§ Machine Learning
§ SVM/Random Forest

PPI-oriented Libraries

Knowledge-Based
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Strategies in PPI Drug Discovery (PART II)

Fragment Screening

§ Diverse Focused Database
§ Conformational Sampling

X-ray

Growing

Structure-Based
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Fragment-Based Strategy

The fundamental concept of fragment screening is
to use simpler molecules so that the chemical
space can be sampled much more efficiently than is
possible when using molecules of greater complexity.

C
O
N
C
E
P
T

Jhoti et al (2013) Nat Rev Drug Discov. 12(8):644-5 

Strategies in PPI Drug Discovery (PART II)
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Why Fragments ?

?
Strategies in PPI Drug Discovery (PART II)
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Why Fragments ?

IL-2

Fuller et al (2009) Drug Discov Today. 14:155-61.

VENETOCLAX (BCL2)

Average Volume of 
occupied pockets

55Å3

Number of 
occupied pockets

6±3

Average Volume of 
occupied pockets

Number of 
occupied pockets

260Å3

1 or 2

Strategies in PPI Drug Discovery (PART II)
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Diversity Oriented Target-focused Synthesis approach

DOTS
Library Design

Chemoinformatics

In silico

Virtual Screening

Medicinal
Chemistry

Synthesis

Organic Synthesis

Structural
Biochemistry

IC50, ITC, X-ray

Validation
Characterization

Biology
in vitro assays
in vivo assays

Evaluation

Strategies in PPI Drug Discovery (PART II)



Synthesis – ‘Hit2Lead’ Purification Analysis

S Combes P Bremond

Chemspeed Synthesizer SLTII
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in vitro Methods
Thermal Shift

(DSF)
HTRF

Access/Echo® Laboratory Workstation 
PHERAstar (BMG LabTech)

Biophysical Methods

ITC, Octet, SPR

X-ray

Evaluation and Characterization

S Betzi
CR CNRS

Cryptate d’Europium 

Inhibiteur	

Transfert	d’énergie	 Pas	de	transfert	d’énergie	

Principe	de	l’HTRF	A	

B	

C	

Cryptate d’Europium 

Inhibiteur	

Transfert	d’énergie	 Pas	de	transfert	d’énergie	

Principe	de	l’HTRF	A	

B	

C	

inhibitor

C Derviaux
Engineer

K Karrasco
PhD student

B Raux
PhD student

Strategies in PPI Drug Discovery (PART II)



ACCESS / ECHO WORKSTATION

* Labcyte Echo 550 w/ ACCESS Workstation base (robot, gripper, access rack, centrifuge, sealer…)
* BMG PHERAstar
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DOTS
Workflow

Selection

Ranking : Scoring Function

5

.

Reaction

Medicinal Chemistry

Reaction 2
Reaction 1

Reaction N

Reaction 58
.
.

2

Design

Focused Library

+
3

Purchase

Building Blocks

6

Characterization

Binding mode: X-Ray
1

The Diversity Oriented Strategy (DOTS)

K Barral

S Combes

L Hoffer

S Betzi

Target

Virtual Screening

Docking (S4MPLE)

4

Target

C Derviaux

Evaluation

Evaluation: HTRF, TSA, ITC8

Synthesis

Robotic Synthesis

7
P Bremond

Strategies in PPI Drug Discovery (PART II)

Collab.
A. Varnek
D. Horvath
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Virtual Focused Chemical Library

?
?
?

Design

Focused Library

Strategies in PPI Drug Discovery (PART II)
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Hartenfeller et al (2011) J Chem Inf Model. 2011 51:3093-8.

§ Inspired by real-world chemistry

§ Easy amenable to real chemical synthesis (high yields) 

§ Compiled with medicinal chemists 

?

§ Commonly used in hit-to-lead stages (pharmaceutical industry)

§ Mainly one-step reactions 

Virtual Focused Chemical Library

Strategies in PPI Drug Discovery (PART II)
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Virtual Focused Chemical Library

Building
Block LibraryActivated Fragment

Virtual Focused Library

Set of Encoded
Chemical Reactions

q Rule 01
q Rule 02
q ...
q …
q Rule 58

Design

Focused Library

Strategies in PPI Drug Discovery (PART II)
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DOTS Java applet

Strategies in PPI Drug Discovery (PART II)
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DOTS Hit Explosion Strategy (3 Steps)

Hoffer, Renaud, Horvath, JCIM 2013

Conformational 
Sampling Tool

Energy-based 
scoringVirtual 

Screening

2

Diverse Focused 
Database

Building Blocks 
DB

Fragment or Core 
with 

reactive group

Design of 
Virtual 
Library

1

Hartenfeller, JCIM 2011

medicinal chemistry 
relevant reactions

Hit Explosion

Accelerator Synthetizer 
SLT100 

Access/Echo® 
Laboratory Workstation 

Synthesis 
and 

Validation

3

Strategies in PPI Drug Discovery (PART II)
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Proof of Concept on BRD inhibitors

Xanthine derivative 
selectively inhibiting 

BRD4-BD1 

Raux et al. J Med Chem 2016

?

(Sulfonyl Chloride)(Primary amine) (Sulfonamide)

BB

BB
Building BlocksActivated Fragment Generic compound 

in the focused library

Strategies in PPI Drug Discovery (PART II)
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Virtual Screening

S4MPLE

Virtual Screening

BB

#1 #2 #3

#6 #7#5

#9 #10 #11

#13 #14 #15

R1

#17

#4

#16

#8

#12

Ranking and 
diversity analysis

Strategies in PPI Drug Discovery (PART II)
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Robotic Organic Synthesis

#1 #2 #3

#6 #7#5

#9 #10 #11

#13 #14 #15

R1

#17

#4

#16

#8

#12

89% 83% 95%

76% 66% 95% 86%

95% 93% 60% 95%

95%
95% 96% 95%

95% 69%

S Combes Y Voitovich

Strategies in PPI Drug Discovery (PART II)
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In vitro Evaluation (HTRF)

1.7
pIC50(Cpd) – pIC50(Frag)

Strategies in PPI Drug Discovery (PART II)
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Orthogonal Validation (ITC)

0,46µM0,43µM 1,00µM 0,27µM

0,54µM 0,89µM 0,70µM 0,33µM 0,46µM

0,74µM 0,83µM 0,13µM

K Karrasco

Strategies in PPI Drug Discovery (PART II)
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3D Structures
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Strategies in PPI Drug Discovery (PART II)

J.Med.Chem. 2018 Jun 22. 
doi: 10.1021/acs.jmedchem.8b00653



Perspectives :

Ø Developing a set of selective probes
(intra-BET, BD1 vs. BD2), to decipher
specific (transcriptional) functions?

Ø Therapeutic interest (selectivity,
resistance?)

Ø Biomarkers with clinical value?
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E. Pasquier

Clinical Trial “HematoBio” on going (N. Vey)

Y. Collette
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Conclusions & Perspectives
Design of PPI-Focused Chemical Libraries

q 2P2IDB structural database 
q Profile of orthosteric inhibitors characterized
q 2P2I3D a PPI-focused library (proof-of-concept)

Fr-PPICHEM : New Larger Version of 2P2I3D
q v2.0 (MedChem) using new data from 2P2IDB , ADMET Filters
q ‘Fr-PPI-Chem’ a French National initiative (available through MTA): 

Ø National Program (ANR) => 10.000 Compounds PPI-Library

PPICHEM

10,000 cpds

Fragment-Based integrated Protocol (DOTS)
q Hit-to-Lead Optimization via Hit explosion

Ø MedChem virtual Library /S4MPLE combined with robotic platforms
q Proof-of-concept validated on a BRD fragment

q Several improved inhibitors identified
q Validated (HTRF, ITC, TSA, X-ray): Lead on going…

q On going applications of DOTS
q 2 Fragment libraries available @iSCB (1000 cpds)
q DOTS applied to several CRCM projects
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