
Approches	
  computa.onelles	
  pour	
  la	
  
recherche	
  d’effecteurs	
  moléculaires	
  

O.	
  Taboureau,	
  AC	
  Camproux,	
  M.	
  Miteva,	
  
B	
  Villoutreix,	
  P	
  Tuffery	
  

UMR-­‐S	
  973	
  	
  

SET,	
  23	
  Mars	
  2016	
  olivier.taboureau@univ-­‐paris-­‐diderot.fr	
  



Molecules	
  Therapeu.ques	
  in	
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  (MTi)	
  Unit	
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  Goal	
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Pep.de	
  design:	
  Recogni.on	
  

Fast	
  geometric	
  search	
  in	
  protein	
  structures	
  

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

Input:	
  gapped	
  amino	
  acid	
  sequence	
  
Output:	
  3D	
  fragments	
  matching	
  flanks	
  &	
  size	
  3D	
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Pep.de	
  design:	
  Modeling	
  

Forward-­‐backtrack,	
  K-­‐best,	
  Taboo	
  sampling	
  
3D	
  encoding	
  of	
  structures	
  
Using	
  Hidden	
  Markov	
  Models	
  

Protein	
  binding	
  site	
  iden9fica9on	
   Folding	
  pep9de	
  at	
  	
  
Protein	
  binding	
  site	
  

Pep$de	
  structure	
  modeling	
  

Protein-­‐protein	
  interac$ons	
  

hUp://bioserv.rpbs.univ-­‐paris-­‐diderot.fr/services/PEP-­‐SiteFinder/	
  
hUp://bioserv.rpbs.univ-­‐paris-­‐diderot.fr/services/PEP-­‐FOLD/	
  
hUp://bioserv.rpbs.univ-­‐paris-­‐diderot.fr/services/PEP-­‐FOLD3/	
  

Maupe.t	
  et	
  al.,	
  NAR,	
  2009	
  
	
  Thevenet	
  et	
  al.,	
  NAR,	
  2012	
  

Shen	
  et	
  al.,	
  J.	
  Chem.	
  Theor.	
  Comput.,	
  2014	
  
Lamiable	
  et	
  al.	
  submiUed	
  

Lamiable	
  et	
  al,	
  submiUed	
  

Saladin	
  et	
  al,	
  Nucleic	
  Acids	
  Res.,	
  2014	
  

Camproux	
  et	
  al.	
  J.	
  Mol.	
  Biol.,	
  2004	
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Pep.de	
  design:	
  Non	
  sequen.al	
  alignments	
  

Comparison	
  of	
  atom	
  posi$ons	
  independently	
  of	
  the	
  
amino-­‐acid	
  sequence	
  order	
  

Far	
  more	
  difficult	
  problem	
  but	
  useful	
  for	
  protein	
  surface	
  comparisons.	
  atoms	
  involved	
  in	
  a	
  
func.on,	
  :	
  interac.on	
  with	
  a	
  drug,	
  interac.on	
  with	
  other	
  proteins	
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Rouge : Non modélisable 

  We	
  use	
  graph	
  theory	
  :	
  search	
  for	
  cliques	
  or	
  quasi-­‐cliques	
  in	
  product	
  graphs	
  

  We	
  developped	
  a	
  similarity	
  measure	
  already	
  used	
  in	
  image	
  analysis	
  for	
  face	
  or	
  object	
  recogni.on	
  

(Binet-­‐Cauchy	
  Kernel)	
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Rasolohery	
  I.,	
  Moroy	
  G.	
  and	
  Guyon	
  F.	
  PatchSearch:	
  a	
  fast	
  method	
  for	
  
protein	
  binding	
  site	
  recogni.on	
  (In	
  prepara(on)	
  



CCCPP: Estimation of 
pocket and channel 

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

- Access to channel 
- Take in consideration the form and size of ligand. 

Cheron et al, en cours 

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

- Superimposition of 
homologous ligands  
 superligand 

- Target atoms  4.5Å 

Pharmacological	
  profiling:	
  Target	
  (Pocket)	
  characteriza.on	
  

Pocket	
  es$ma$on	
  uncertain$es	
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Pharmacological	
  profiling:	
  Data	
  integra.on	
  

Chemical 

Bioactivity 

Disease Pathway 

Gene Ontology 

Therapeutic 
effect 
(ATC code) 

Disease  
complex  
network 

Structural chemical 
similarity and QSAR 

Sequences protein similarity 

Disease 

Adverse drug 
 reaction 

Fingerprints, SEA 

BLAST 
Protein 

Integration of genetic 
variation (SNPs) - 
pharmacogenomics 

Integration of gene 
expression 

Protein-ADR prediction 

Drug-target prediction 

Enrichment analysis 

hUp://poten.a.cbs.dtu.dk/ChemProt/	
   Kringelum	
  J.	
  Database	
  2016	
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Promiscuity 

ChemProt:	
  focused	
  on	
  Drug-­‐Target-­‐Biological	
  outcomes	
  profiling	
  

Many	
  data	
  not	
  always	
  linked	
  together	
   Need	
  of	
  data	
  integra$on	
  



Pharmacological	
  profiling:	
  Systems	
  chemical	
  toxicology	
  

Toxicogenomics	
  data	
  analysis	
  

More	
  than	
  10000	
  
samples	
  

	
   	
  WY-­‐14643	
  

Gene	
  pvalNom(invitro) 	
  pvalNom(invivo)	
  

Acot1 	
   	
  4.45e-­‐04 	
  6.74e-­‐08	
  
Aig1 	
   	
  2.82e-­‐04 	
  2.14e-­‐06	
  
Ehhadh	
   	
  4.43e-­‐05 	
  3.18e-­‐06	
  
Acox1 	
   	
  5.31e-­‐04 	
  4.97e-­‐06	
  
Cpt1b 	
   	
  1.53e-­‐03 	
  5.95e-­‐06	
  
Cpt2 	
   	
  2.09e-­‐03 	
  6.82e-­‐06	
  
Slc27a2	
   	
  6.04e-­‐04 	
  1.04e-­‐05	
  

FaUy	
  acid	
  transporter	
  

Lipid	
  metabolism	
  

Acetaminophen	
  

Gene	
  Set	
  Enrichment	
  Analysis	
  approach	
  (GSEA)	
  

Com
pounds	
  

Genes	
  

How	
  to	
  explain	
  the	
  mechanism	
  of	
  chemical	
  toxicity?	
  

Analysis	
  of	
  large	
  scale	
  microarray	
  data	
  

Taboureau	
  O.	
  J.	
  Pharmacogenom.	
  Pharmacoprot.	
  2012	
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Pharmacological	
  profiling:	
  Network-­‐based	
  tools	
  

Development	
  of	
  network-­‐based	
  analysis	
  tools	
  to	
  predict	
  chemical-­‐chemical	
  interac$ons	
  
to	
  diseases	
  

Chemicals	
  exposure	
  impact	
  to	
  human	
  health	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Taboureau	
  et	
  al.	
  (2013)	
  Bioinforma.cs	
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1.	
  Finding	
  hits	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  Virtual	
  screening	
  &	
  PPI	
  characteriza.on	
  	
  

2.	
  Op$mizing	
  hits	
  
	
  	
  	
  	
  	
  	
  	
  	
  Mul.-­‐parameter	
  op.miza.on	
  including	
  ADME-­‐Tox	
  &	
  pharmacogenomics	
  

3.	
  Applica$ons	
  on	
  different	
  protein	
  targets	
  	
  

	
  	
  	
  	
  	
  	
  	
  cancer,	
  cardiovassular	
  diseases,	
  rare	
  diseases	
  

Find	
  hits	
  	
   Op.mize	
  hits	
   	
  Clinical	
  
candidates	
  

Chemical	
  biology	
  	
   Drug	
  discovery	
  

Virtual	
  screening	
  and	
  	
  
ra.onal	
  design	
  of	
  protein-­‐protein	
  interac.on	
  	
  

(PPI)	
  modulators	
  with	
  balanced	
  ADME-­‐Tox	
  proper.es	
  

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

Compound 	


Collection	



	
  MD,	
  
	
  NMA	
  
	
  NMR	
  

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

Mul$ple	
  Receptor	
  	
  
Conforma$ons	
  

Docking – Scoring	


MM/MD  refinement 

ΔGbind 

Virtual	
  screening	
  and	
  receptor	
  flexibility	
  	
  
Team	
  3	
  

MTiOpenScreen	
  web-­‐server	
  

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



Structural	
  and	
  
docking	
  analysis	
  on	
  

ADME-­‐Tox	
  off-­‐
targets	
  

QSAR	
  models	
  

Mul$dimensional	
  in	
  silico	
  ADME-­‐Tox	
  predic$on	
  	
  

PhysChem	
  proper.es	
  &	
  
filtering	
  

FAF-­‐Drugs3	
  

•  PhysChem	
  rules	
  	
  
•  Toxic	
  groups	
  
•  Pan	
  Assay	
  	
  
	
  	
  	
  	
  	
  Interference	
  Cmps.	
  

Virtual	
  screening	
  and	
  integrated	
  	
  
ADME-­‐Tox	
  predic.on	
  

Team	
  3	
  

Pharmacogenomics	
  

Lagorce	
  	
  et	
  al.	
  NAR	
  2015,	
  	
  Mar.ny	
  et	
  al.	
  Bioinforma.cs	
  2015	
  



Perspec.ve-­‐1:	
  Integra.ve	
  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. 



Perspec.ve-­‐2:	
  Molecular	
  effectors	
  

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


