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Our Goals: develop “ Innovative approaches to tackle the refractory space of
Protein-Protein Interactions (PPls), to define and target “druggable” PPIs, and to
decipher molecular basis of oncogenesis.
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. Strategies in PPI Drug Discovery

Knowledge-Based

Chemical Library
Design

PPl-oriented Libraries

®* Machine Learning
= SVM/RF

CRCM
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Structure-Based

Fragment Screening
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= Diverse Focused Database
= Conformational Sampling

Sl ady |
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Virtual Screening

Molecular Dynamics
Docking

Pharmacophore filtering

o

“"Fr-PPIChem”

@) “DOTS”
10K CPds integrated strategy




Strategies in PPI Drug Discovery (PART I)

Knowledge-Based

Chemical Library Design

§ o
.....
¥

PPl-oriented Libraries

= Machine Learning
= SVM/Random Forest

Learn from

to identify
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known inhibitors

new inhibitors

Pagliaro et.al, 2004



. 2P2Ios: A STRUCTURAL DATABASE CRCM o
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The Protein Protein Interaction lnhlb%m

Since 2008...

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

Database dedicated ®
PPI modulators

2210 grihosteric

\
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. 2P2Ips : A Structural Database

Cectre de Recherche
- ’ en Cancbeclogee de Maryedle

24

The Protein Protein Interaction Inhibition.

Structural Database

% Protein- Proteln Protein- ngand Free Proteins I
v |
|

il 0 G

June 2018 Prot-Lig I.igands
- 2p2idb [V 742 659

Class 1 11 197 186 400

Class 2 E 152 138
BRD 11 393 335 o I b

2013 2014 2015 2016 2017 2018

Bourgeas, Basse, Morelli and Roche (2010) PLoS ONE 5:€9598
m Basse, Betzi, ..., Morelli and Roche (2013) Nucleic Acid Research, 41: D824-827
Basse, Betzi, Morelli and Roche (2016) Database (Oxford).
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2P2l Descriptors

M lar Weigh ]
[ Molecular Weight | Topological Polar

Surface Area

Acceptors
Hydrogen Bonds

Donors LogP

Rotatable Bonds Hydrophilic factor

Ui

Number of Rings

In house PPI Chemical Library
I

2P21:p
1664 cpds

Multiple Bonds

h Morelli, X., Bourgeas, R., and Roche, P. (2011). Current Opinion Chemical Biology 15, 475-481.
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| — “ # 2P2l3p: A PPI-Oriented Chemical Library CRCM

A Diverse & Privileged-based PPI-oriented
Chemical Library

MedChemComm 2013

2P2Ichem: focused chemical libraries
dedicated to orthosteric modulation of
protein~protein interactions

7]15 Médecine/sciences 2015

Focused chemical libraries - design and
enrichment: an example of protein-protein

Chemical libraries dedicated to

protein-protein interactions
Sperandio O, Villoutreix B, Morelli X. and Roche P.

interaction chemical space
Xu Zhang, Stéphane Betzi, Xavier Morelli & Philippe Roche

Med Sci (Paris), 31, 312-319. Future Med. Chem. (2014)6(11), 12911307

R Journal of 2016 .
Bromodomains Medicinal Chemistry

Exploring Selective Inhibition of the First Bromodomain of the Human
Bromodomain and Extra-terminal Domain (BET) Proteins

Brigin Raux', Yulla Voltovich'?, Carine Dervisux', Adrien Luger'!, Enenne Retumer”, Satine Mihaa'™, Siéphane
Priet!, Thomas Rowr’, Bris Tringuet', Jean-Claude Guliemot!, Sitan Knage ™. Jean-Michel Brune’, Alesey Yu
Federov?, Yves Coleme!, Philppe Roche!, Sitptane Betsl!, Sétastien Comten 7, and Xavier Moretl 7

chémica
2016

Protein—Protein Interaction Inhibition (2P21)-Oriented Chemical Library
Accelerates Hit Discovery

Sabine Mines "' Brgm Raus’ Swprace Betai’ Carvne Derviaun’. Phiigpe Roche', Audrey Restouin', Marle
Jeanne Dasse’ [3erre Retuet’ Adren Lugart’ Maron Bado . Rudra Kashysp''. Jean-Claude

Usetzny' Coenta Eptonn’ virorugue Mamon' Vare £4nh Gourdel . Sédastien Comdes’ Pascale
Dimerermans Wicrhel Aurand-Liora’ Thomas Rour! Catherine Rogers””. Susanne Wuter™, Stetan
Krapp™ Lre Trnguet' Yoes Coteme’, Joan-Claude Guitemot! and Xavier Moreit '

5 PPI Targets

Proof of concept validated 3¢
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‘Fr-PPICHEM'’ : a French National initiative CRCM.

Cectre de Recherche
oo Cancerclogee de Maryedle

v2.0 (MedChem) using updated algorithms, ADMET Filters I .

» National Program (ANR) =>10.000 Compounds PPI-Library C Muller P Roche

'S 4
5

M BIEE3 MolPort"

X. MORELLI

P. ROCHE
MARSEILLE In silico Compounds Selection /
@\ iU 4
B. VILLOUTREIX
‘ : : ' Acquisition / Pllgng / Distribution
PPICHEM
E' ' Cywtomid%Evaluaﬁon
g- P. BONNET
AD2P ORLEANS Evaluation o'n’ selected PPIs
JC GUILLEWf/ ) > - Made available to academic laboratories
MARSEILLE - CMBA (MTA)
MO.LAAPRLE QChemBioScreen
CEA GRENOBLE e Sat et Ve
o
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Fr-PPICHEM : Purchase & Properties CRCM .

Centre de Recherche
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Average MW 462.4 Da

1>400 (79%)

10,419 Compounds
Purchased

Quality Control

10,314 Compounds
Received

il

0 100 200 o 400 500 0 700 a0 900

295.3 Median 464.1 Da

« W —

Source

Pasteur CRCM

49.2% 49.8% 1.0%
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. Strategies in PPI Drug Discovery (PART I) CRCM.
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]

Knowledge-Based

Chemical Library
Design

% PPI-Oriented Chemical

%?;-ngw Library made of
;“‘ 3 & %}f 10,000 compounds

Plated & available
PPl-oriented Libraries for screening

= Machine Learning
= SVM/Random Forest

‘?\‘t-_ - :

=/
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Structure-Based

Fragment Screening

\V/ cinal
X-ray Medicinal =
Cl ' l Pwtnses omp e
' m .Integrated Strategy for Lead Optimization Based on Fragment

. Growing: The Diversity-Oriented-Target-Focused-Synthesis
oach

o bo ity “ ' .
e >e v « Laurent Hodler," Yallia V. Voitovich"** Brignt Raus,’ Kendall Carrasce,” Christophe Muller,"
! » Alehsey Y. Fedoror,” Carme Derviaun,” Agnin Amownic," " Stiphane Betel” Dragos Horvath*®
»e) I . o Alesandre Varmel, " Yoo Collemte, * Sebustion Combes,” Phlippe Roche,” '@ and Xavier Moselli* " 19

§¢

= Diverse Focused Database
= Conformational Sampling




Fragment-Based Strategy CRCM o

Centre de Recherche
en Canceeclogee de Maryedle

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.

o I ‘ l
c I O N 4] N
m*\" ‘/lw ) ) NN NN
\=/ N_—-/ ﬁ | |
o . AL o
( HN N (
N

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

(
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CRCM

. Why Fragments ?

Large Chemical Space represented with small number of fragments

8855886688a58854 m
B85 55565 REGEERRE |
BbbbbbbblaaAERER !
P856866686668888 |
8666666666666666 |
-
mwmmmwmmwmwmmmmw ’
BB66E56655566565 |
BB656b6600668665 |
OREEEEEERRRERREE |
6666666666666666 |
ibobbobbEHHHEHEEE |
5866566688868868 |

=~ 500-1000 fragments in a screening library
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Why Fragments ?

Protein-Ligand Interactions
a) Percentage of proteins with occupied pockets

g

Fragments are well suited for PPI

Protein-Protein Interactions

Average Volume of
occupied pockets

260A3

8 8888

.
o

o
Population of pockets (%) _.

Population of pockets (%) _,
S 88 ¥

Average Volume of
occupied pockets

55A3

o
(=]

Py

5 10 20 50 100
Pocket rank

)

b) Number of occupied pockets per protein

Protein-Ligand

o

o
2

Number of

s

occupied pockets

lor2

T e S

e o P
e A= &

o0
.

Relative Frequency
Relative Frequency

(2]
.

o

5 10 20 S0 100
Pocket rank

Protein-Protein

Number of
occupied pockets

613

23 4 5 67 8 % MM N2N4

Number of Pockets Occupied

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

1 2 3 4 5 647 8 %9 MM %es

Number of Pockets Occupied

CRCM

Cectre de Recherche

en Cancerclogee de Maryedle

VENE TOCLAN MELPS SOME LEUSATAVRA PATHEMTS
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. Diversity Oriented Target-focused Synthesis approach
-0

Integrated Strategy Medicinal
Chemistry

Organic Synthesis

A Structural
g 1Ico Biochemistry
Chemoinformatics IC50, ITC, Xeral

Characterization
Validation

Library Design

Virtual Screening

_Evaluation
Biology

in vitro assays

in vivo assays
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Synthesis — ‘Hit2Lead’ Purification Analysis

S Combes P Bremond



CRCM

. Evaluation and Characterization ——

- ? en Cancerclogee de Maryedle
. (.
" in vitro Methods Biophysical Methods
CDerviaux  HTRF Thermal Shift S Betz!
} ; ™% s
1 i ) A8 .- ———
&{ 23 —~ o ITC, Octet, SPR K Karrasco
2 : "" R s,,- ‘ ’ “” |||H""‘ . ‘ PhD student
inhibitor - ' ‘l |
Yoy i || 1
‘.‘jz oamedl o o
° b =
LABCYTE <. . 5 =

Al LTy B Raux
' PhD student

Access/Echo® Laboratory Workstation
PHERAstar (BMG LabTech
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ACCESS / ECHO WORKSTATION

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



CRCM

The Diversity Oriented Strategy (DOTS) ey

- . e Cancerchogee de Marsedle
- Reaction ]
Characterization DeS|gn
PO @ e o
v Reaction N o~ ‘f: )
; O } >(D Q
Reaction 58 l:] <]

Medicinal Chemistry

- Focused Library L Hoffer
S Betzi 2 . .
Evaluation Virtual Screening @
LABCYTE <.
) = y NOTC Collab.
 LLE| ' ~ DOTS A. Varnek
-~ J \ Workflow | D. Horvath
= e Target
Evaluation: HTRF, TSA, ITC Docking (S4MPLE)
C Derviaux . .
Synthesis Selection @
y o Purchase

\ =
@ Opge oo

Robotic Synthesis L Ranking : Scoring Function
Building Blocks

B

PBremond S Combes
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Design CRCM .

| ﬁ —  Virtual Focused Chemical Library -

O : | o= Concroge de Marved
O <
Focused Library
I
E Possible to generate a

I m_. <+ 2 )| very large collection

| E of virtual compounds

| Building Blocks

I

- Not all relevant

=~ Not all easy to synthesize
- Not all compatible with MedChem developments
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CRCM

Cectre de Recherche
oo Cancerclogee de Maryedle

1 Virtual Focused Chemical Library

JOURNAL OF

CHEMICAL INFORMATION
AND MO DELINI[G A Collection of Robust Organic Synthesis Reactions for In Silico

Molecule Design

(‘ . Markus Hartenfeller,”' M Eberle,” Peter Meier,” Cristina Nieto-Oberhuber,’ Karl-Heinz Al !
) NOVA RT l S G : r,’rEdgu‘J’::»by,' a:d S::T:n R:l:na.m na Nieto-Oberhuber,” Karl-Heinz Altmann,

=" Collection of 58 reactions for computer-based molecule construction

= Inspired by real-world chemistry

Compiled with medicinal chemists

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

Easy amenable to real chemical synthesis (high yields)

Mainly one-step reactions

m Hartenfeller et al (2011) J Chem Inf Model. 2011 51:3093-8.
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Design
| ) 2 Virtual Focused Chemical Library (;RCM o
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—J

Focused Librar | Set of Encoded
u | Yy . -
Chemical Reactions

Building
Activated Fragment Block Library  Rule 01
— J Rule 02
+ + D .
w D

J Rule 58

Virtual Focused Library

<
mn m- All Compounds generated
mb should be amenable to
organic synthesis
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DOTS Java applet

A standalone Java Applet
has been developed to

automatically generate the
virtual Library

Chemical Rules Selection

Prep-DOTS 1.0

DTS Workfow | stage 1) Deine structures | Stage 2) Slect Chemical Aules | Stage 3 Define Varabies | sbout |

jorking Directory
datalprog javalprepDOTS test Set Directory

birectory which contains the SMARTS-based Chemical Rule Files

cataiprog scrptsiractonrsactions hartnfellr smarts SetDirectory || Load Rules or Reset Table

nable Reactions by updating their Status

rule_aa_carbonyl_grignard_add-step_magnesiumhalide ’“_‘ ‘_C‘ +
rule_49_n-anylation_heterocycles
=

Selected Linking 1 Selected Linking 2 Check Selected Rules || Copy Selected Rules in Working Directory

CRCM

Cectre de Recherche
e Cancerclogee de Maryedle

Initial Fragment

Prep0OTS 1.0

Optimization Mode

Current Structere

~aite

81 K0 WK CS (O =0)m

Variable Parameters

Prep-DOTS 1.0

50rS Worlow | stage ) Define siructures | stage 2 selet charica Fuls | Staga 3 Dain Vanahles | About

Building Virtual Database of Accessible Compounds

brefix of Outputs resuf ba ] Reaction Mode [ default_|v]

ing Block 3 IGatlcatabasesid b molporids,, mlportsck [ srawse SDF Fle | Known Databases b molportidh Bb molport:sdt

bost Processing of the Database - Various Optional Steps

JEnable Deprotection Stage V] Enable Undesired Substructures Filtering [] Enable Privileged Scaffolds Filtering [ Remove Tmp Files

¥/ Enable Physico-chemical Filtering | MaxMolecular Weight [ 550 | MaxlogP | 55 Area[ 160 Count[ 12 | Largest Ring System Size |2

V Enable Diversity Stage | Diversity Rule File Idataldatabasesirules xmifransform_neutralize_halogen hydrophabic.xmi Load XML-based Rules

Post Processing of the Database - Required for SAMPLE Stage

Load 30 Reference SDF | Alignment Mode rotflex -

Idatawork_growing_poc/alpdb/4A7l frag_thiophene.sdf

 Enable Post-Processing | Reference 30 File

¥ Add GAFF Atomic Types

IRemoveDup Max Mass [ 500 | RemoveDup Delta Mass [ 10 | Number of CPUs [ &

[ Save data from all tabs i the canfiguration s var-o"

Strategies in PPl Drug Discovery (PART Il)
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. DOTS Hit Explosion Strategy (3 Steps) R
N .+ u medicinal chem.lstry € o
- relevant reactions

b —
Fragment or Core Building Blocks Hartenfeller, JCIM 2011 , :
with DB Hit Explosion
reactive group
‘ ﬁ ~ Energy-based g
— v

scoring

2 Conformational

Sampling Tool
o o - *
/ v

Diverse Focused

Database Hoffer, Renaud, Horvath, JCIM 2013

Eynthesis A

and |
Validation

ééé&éwau:ﬂ
—

"
LABCYTE

Access/Echo®
SLT100 Laboratory Workstation

Accelerator Synthetizer
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Proof of Concept on BRD inhibitors

Raux et al. ] Med Chem 2016

o

A A

Xanthine derivative
selectively inhibiting

BRD4-BD1

Activated Fragment
(Primary amine)

:j—cu Z> jfé:oi;\/
I
0 :

L]

Generic compound
Building Blocks ! pou

(Sulfonyl Chloride) (Sulfonamide)

\n
U

CRCM

Centre de Recherche
e Cancerclogee de Maryedle

O
i '
;

in the focused library

576 Compounds
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V|rtual Screening s

chogee ,'\ e dle

____________________1

e & vy !
F# o <Rile-3

Fess
Tl

m h
g !
BB) ! T @ oo:
576 Compounds : #4 #5 "\ = :
Virtual Screening l i P !
:'r Q ,_% FT\@ ~70
S4MPLE | " 411 "
| I
I " I
G 1R ST t’ SO
SEGU : #12 #15 I
I r-------------
A

I
r m 17 Compounds
Ranking and | selected
diversity analysis #16 |

'-------------.

o
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Robotic Organic Synthesis r—r——

_| 6 en Cancbeclogee de Maryedle
| | --------------------1
| :/ : - \\/ X / I
n/_w o‘/-—w O /O .‘r—‘.' m\ I
=
34 #1899 83% #2 os%# I
S Combes Y Voitovich I Og i Ot o N :
Ay A Aol Aol
I " % o z ' ”~ " ‘ I
: #4 76% 66% H5 ™\ = 95% #6 #1  26% :
I \\A”l ‘\\ll/,' I o . P I
1.7 Vs Ve f@ Va \/\© :
| a ' 'Y ‘
I ’95(7 93% #9 60% #10 #11 os5% |
1 ) __ 1
I Yl Y “”' W ‘ b I
| rw’@ ~0. A0 ~ ) )
" " R . K/ ! I
l #12 #13 959 96% #14 #15 95% |
|
1 t Y !
1 o 1| 17 Compounds
I I Synthesized
| #16 95% #17 69% |
'-------------.
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. In vitro Evaluation (HTRF) B

| . I oo Cancerclogee de Maryedle

All 17 Compounds show improved
pICso values (HTRF)
plCso(Cpd) — plCso(Frag) ICso improved
50 times

—— —

- P —

'—---L1--------.---_----_—_

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

B
c
]
£
o
>
)
“
a

(pIC50)

Log

Compounds
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Orthogonal Validation (ITC) —rr—y
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. 3D Structures

Centre de Recherche
= . en Canceeclogee de Maryedle
| #17 (5292) #2 (5392) #1 (5393) #14 (5387)
A o 3 A o \]
N N> N N>
T g
H
Tl 0 Ol

B Raux

N140

Binding Mode
c of optimized

robes is
onserved

J.Med.Chem. 2018 Jun 22.
doi: 10.1021/acs.jmedchem.8b00653
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» Developing a set of selective probes
(intra-BET, BD1 vs. BD2), to decipher
specific (transcriptional) functions?

100 . . . o
» Therapeutic interest (selectivity,
E 1 -;.g' C1005-MO C1005-SG ;;.; g;(;oféMo . L . o
e » Biomarkers with clinical value?
g o. 1 01012-5(3.}?12)::41;132M0 C1012-MO 0:, C1004-SG
0.01
0.001
s& s®

&

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

—"0

Y. Collette E. Pasquier
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. Conclusions & Perspectives

e de Maryedle

Design of PPI-Focused Chemical Libraries
 2P2lps structural database

Q Profile of orthosteric inhibitors characterized

O 2P2I3p a PPI-focused library (proof-of-concept)

Fr-PPIcHeEm : New Larger Version of 2P213D
PPICHEM 0 v2.0 (MedChem) using new data from 2P2Ips , ADMET Filters
Q ‘Fr-PPI-Chem’ a French National initiative (available through MTA):

» National Program (ANR) => 10.000 Compounds PPI-Library
10,000 cpds |

Fragment-Based integrated Protocol (DOTS)
0 Hit-to-Lead Optimization via Hit explosion
» MedChem virtual Library /S4MPLE combined with robotic platforms
O Proof-of-concept validated on a BRD fragment
O Several improved inhibitors identified
O Validated (HTRF, ITC, TSA, X-ray): Lead on going...

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