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Team 1

Peptide design: Recognition

Fast geometric search in protein structures

Query structure Collections of BCFragSearch
or fragment structure to mine

Observed sequence variation
for given fragment conformation

BCMirrorSearch

Search for fragment -
mirror conformations &+ Nee="

BCLoopSearch BCSpecificitySearch
Conformations matching Identify regions of protein
loop flanks geometry with specific conformations

Input: gapped amino acid sequence
Output: 3D fragments matching flanks & size 3D

bioserv.rpbs.univ-paris-diderot.fr/services/BCSearch Guyon et al., Bioinformatics 2014; NAR 2015



Team 1

Peptide design: Modeling

Peptide structure modeling

. Forward-backtrack, K-best, Taboo sampling
3D encoding of structures Lbyoa
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: 7 “"”“_”“"I"“‘“"‘““" Shen et al., J. Chem. Theor. Comput., 2014
Camproux et al. J. Mol. Biol., 2004 Maupetit et al., NAR, 2009 Lamiable et al. submitted
Thevenet et al., NAR, 2012

Protein-protein interactions

Folding peptide at

Protein binding site identification
Protein binding site

Saladin et al, Nucleic Acids Res., 2014

http://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-SiteFinder/
http://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-FOLD/ Lamiable et al, submitted
http://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-FOLD3/



Team 1

Peptide design: Non sequential alignments

Comparison of atom positions independently of the
amino-acid sequence order

=>» Far more difficult problem but useful for protein surface comparisons. atoms involved in a
function, : interaction with a drug, interaction with other proteins

o We use graph theory : search for cliques or quasi-cliues in product graphs

o We developped a similarity measure already used in image analysis for face or object recognition

(Binet-Cauchy Kernel)
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DPYSPSODPY SPSPYDRRGA GSSQHQERCC
NELNEFENNQ RCMCEALQQI MENQSDRLOG Rasolohery I., Moroy G. and Guyon F. PatchSearch: a fast method for

protein binding site recognition (In preparation)




Team 2

Pharmacological profiling: Target (Pocket) characterization

</ Pocket estimation uncertainties 6

SLE pocket = the largest region
binding at least one ligand atom

- Superimposition of
homologous ligands &'
-> superligand |

Sle
classification

Cheron et dl, en cours

CCCPP: Estimation of
pocket and channel

Proximity A\°
. classification

- Take in consideration the form and size of ligand.

Benkaidali and al., Bioinformatics, 2013; Borel and al. J.Chem.Inf Mod. 2015, Hussein HA and al. NAR 2015



Pharmacological profiling: Data integration

Team 2

ChemProt: focused on Drug-Target-Biological outcomes profiling

Many data not always linked together ‘ Need of data integration

® ChemProt «x-

r

\

Therapeutic g
effect

(ATC code)

1

r

Adverse drug
reaction

<>
/ ° Fingerprints, SEA
1

<€—>| Chemical O similarity and

1 Drug-target prediction

Protein-ADR prediction

Protein ~ &3 e
CTTRE® . | BLAST

/

Bioactivity

Structural chemical

<€—> Sequences protein similarity
Promiscuity

QSAR

_ \ Disease ./
Disease complex
network

Integration of gene

expression

Integration of genetic
variation (SNPs) -
pharmacogenomics Gene Ontology

Disease ‘1' Pathway

Enrichment analysis

http://potentia.cbs.dtu.dk/ChemProt/

Kringelum J. Database 2016



Pharmacological profiling: Systems chemical toxicology

Team 2

How to explain the mechanism of chemical toxicity?

Analysis of large scale microarray data

More than 10000
samples

Toxicogenomics data analysis

l

Gene Set Enrichment Analysis approach (GSEA)

A Phenotype B Leading edge subset

Classes Gene set S
cwoss (ML |

g FEh Correlation with Phenotype

Random Walk

Maximum deviation _Gene List Rank
from zero provides the
enrichment score ES(S)

WY-14643
Gene pvalNom(invitro) pvalNom(invivo)

Acotl 4.45e-04 6.74e-08
Aigl 2.82e-04 2.14e-06
Ehhadh 4.43e-05 3.18e-06
Acox1 5.31e-04 4.97e-06
Cptlb 1.53e-03 5.95e-06
Cpt2 6.82e-06
Slc27a2 1.04e-05

\ Lipid metabolism

Fatty acid transporter

Acetaminophen

Rat, in vitro, Liver

High_24hr

Renal Necrosis

arrayV3_LivNecr

ism Signaling

HepTox_LivNecr

arrayV3_LivProl

Liver Necrosis

arrayV3_HepCholest

HepTox_LivProl

Liver
Cardiac Necrosis

Apoptosis

3.05E-39) -09E-.
'N_RFZ»mednated Oxidative Stress Response 4.11E-39] -81E-.
Oxidative Stress 4.11E-39) .81E-
HepTox_HepCholest 1.76E-38) .99E-
PPAR-RXR Activation 1.88E-38] .00E-!
Hepatic Cholestasi: 4.34E-35] .S1E-.

Molecular toxicity pathway

AHR Signaling

LXR-RXR Activation

FXR-RXR Activation

humArray_v3

humArray_v2

I
Hepatotox_humArray_v1
Stress and toxicity pathway

CAR-RXR Activation

luman cardiotoxicly

rotoxicity
uman Nephrotoxicity

Hepatotox_reliable’

Taboureau 0. J. Pharmacogenom. Pharmacoprot. 2012



Team 2

Pharmacological profiling: Network-based tools

Chemicals exposure impact to human health

Development of network-based analysis tools to predict chemical-chemical interactions

to diseases
Exposure type Human proteome

Endogenous: Metabolites

[ &

Exogenous:  Food O )
g o gNQS . chemical protein
osmetics

Industrial compounds
J

chemical-protein annotations

/ @ PPI: \/ Sd PPAN: \/ 4o 1pc: \/ o CCl: \

Protein-Protein Interaction Protein-Protein Association Network Topological Protein Clustering Chemical-Chemical Interaction

.g;}%/o\. O~ ﬁ@%
¥ X N,
Il

Disease/ Proteins P-val

Pathway/

GO

Disease X . ‘ O. 1.8e-5
Disease Y . . 0.003

Pathway A . O. 12e-4

Pathway 8 |@ @ 0.05 Taboureau et al. (2013) Bioinformatics




Team 3

Virtual screening and
rational design of protein-protein interaction

(PPI1) modulators with balanced ADME-Tox properties

Chemical biology Drug discovery

1. Finding hits
Virtual screening & PPI characterization
2. Optimizing hits

Multi-parameter optimization including ADME-Tox & pharmacogenomics
3. Applications on different protein targets

cancer, cardiovassular diseases, rare diseases _|\_/L

Nicolaes et al. Blood 2014; Zhang et al. Plos One 2014

High Quality Compounds
for different protein targets




Virtual screening and receptor flexibility

Team 3

Multiple Receptor Compound
Conformations Collection

FAF-Drugs3 web-server
i-PPI filters
2D->3D

100-300 molecules
for in vitro assays

Hit to Lead
Optimization

- MTiOpenScreen

screening

or

| Up to 5000 ligands

1
1

Diverse-lib J iPPI-lib \

;S:eleaion of 10,000 ligands
by physico-chemical criteria

MTiOpenScreen web-server

Labbe et al. NAR 2015, Moroy et al. Future Med. Chem. 2015



Team 3

Virtual screening and integrated
ADME-Tox prediction

Structural and PhysChem properties &
docking analysis on filtering
ADME-Tox off- QSAR models FAF-Drugs3

250
200 \} . »ﬂ
! Z "\
150 z ‘ *":l ‘Q} ' /
=) o o, "\(N
5 100 h
50

**
* *
*
£3
-50 50 150 250
-50

Pred.

HBD

 PhysChem rules
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* Pan Assay
Interference Cmps.

Multidimensional in silico ADME-Tox prediction

Lagorce et al. NAR 2015, Martiny et al. Bioinformatics 2015
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Perspective-1: Integrative systems

Objective: Development of computational tools to understand the relationship between
molecular effectors (environmental chemicals, drugs, natural products, peptides) and
disease susceptibility genes at different layers of complexity.

3. Meta-rank 4- Visualisation of
meta evidence
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1- Data sources 2- Evidence layers
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Perspective-2: Molecular effectors

B Small Molecules B Drug Delivery W Antibodies
® Biologics m Stem Cells m Other
® Biomarkers ® Vaccines

http://isddteach.sdv.univ-paris-diderot.fr/fr/accueil.html

new insight to



