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Sujets de recherche & Spécificités…

• Sujets de Recherche:
– Développement d’outils pour:

• Calcul de descripteurs moléculaires pharmacophoriqu es

• Superposition moléculaire

• Apprentissage (QSAR)

• Criblage virtuel par similarité/QSAR

• Echantillonnage conformationnel & Docking flexible

• Paramétrage de champs de force moléculaires..

– Elucidation des structures au sein du groupe RMN

– Recherche d’actifs par criblage In Silico

• Spécificité:
– Fuzzy Logics

– Calcul massivement parallèle sur clusters et grille s



TopologicalTopological Fuzzy Pharmacophore TripletsFuzzy Pharmacophore Triplets
(2D(2D--FPT)FPT)
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Di(m) = total occupancy of basis triplet i in molecule m.



Proteolytic Proteolytic equilibriumequilibrium dependencedependence of 2Dof 2D --FPTFPT
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FPT-based Molecular Overlay Tools

• Detects common pharmacophore triplets in two
molecules and uses them to define equivalence
lists of atoms to be overlaid atop each other…
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0 � qk � 1 : 2N linear models

0 � qk � 2 : 3N polynomial models

0 � qk � 6 : 7N nonlinear models

SQS – the Stochastic QSAR Sampler



3-fold repeat

Postprocessing…
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• Population size
• Island number
• Migration frequency
• Mutation frequency
• Maximal Age of chromosomes
• Selection/Size controls (MAXMAXVARS, p, pOcc)
• Termination Criteria
• …

•Scrambling
•Final model selection
•Consensus models

no



Hybrid Darwinian Heuristics for Conformational 
Sampling: Directed Mutants or Explorers

• Torsional angle driving

Evolution stuck
in local minima,

no mutation
would help

Adding a
constraint term,

Gradient optimization
in this new landscape

Final relaxation towards
local minimum

"Explorer" launched in parallel in order
not to halt the evolution process



Force Field Fitting Procedure…

Install a NEW 
FF parameter 
configuration

For each
training 

molecule

Locally explore neighborhood 
of experimental geometry

Run GA-driven
Exhaustive 

Sampler

Add all sampled conformers to
Data Base & calculate RMS 

Deviation from "native" geometry

Recalculate energies of stored conformers according to current FF setup
Calculate Folding D�*��according to chosen RMS radius

All DG <0?

Yes, for the first time!

OK!

Yes, 
reconfirmed!

NO!

� Distance-dependent dielectric constant

� Weighing factor of the desolvation penalty

� Weighing factor of the hydrophobic contacts

� Weighing factor of repulsive van der Waals

� Attractive & repulsive van der Waals coefficients of the following type:
� 'co' (carbonyl C), 'o' (ether-type O), 'h' (aliphatic H), 'cp' (aromatic C), 'oc' (carbonyl O) 
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Status Quo – after eight iterations in force 
field parameter space…

• Compounds for which correctly folded 
conformers were sampled, but misfolded
conformers of lower energy were also found!

• Molecules for which the correctly folded conformers 
were never sampled
•• the WW domain of PINthe WW domain of PIN--1 (34 residues)1 (34 residues)

•• the 1LE1 the 1LE1 ‘‘Tryptophane ZipperTryptophane Zipper’’ minimini--protein (13 residues)protein (13 residues)

• Compounds for which experimental confor-
mations are being sampled and ranked among 
the energetically most stable:

Cyclodextrine (open rings)
Conformationally restrained helical peptide
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Projets & Collaborations…

• ANR Docking@GRID (LIFL – Prof. Talbi, CEA – Dr. 
Roy): conception d’un portal Web pour le docking 
flexible sur grilles d’ordinateurs

• ACCAMBA (Dr. Bisson, Lab. Leibnitz Grenoble et. al.) 
– apprentissage à partir des données HTS.

• Décrypthon (LIFL – Prof. Talbi, INSERM – Dr. 
Sergeant, U. Nancy – Dr. Branlant) – utilisation des 
algorithmes de Docking pour modéliser l’interaction
ARN-protéine

• PICS France-Japon-Roumanie: procédures de 
superposition moléculaires

• Méthodologie QSAR (Prof. Varnek, ULP Strasbourg)
• Chimiothèque Nationale
• 2 contrats avec l’industrie pharmaceutique…� � � � � �
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