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Context : New drug development (1)
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Time scale of new drug development. Cost evolution of new drug development.

Nowadays it takes ~14 years and costs more than 1.2 billion US$.
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™ | Context : New drug development (2)

st and development time of a new drug
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Time scale of new drug development.
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Profusion of data...

Genome: 30,000 genes
Transcriptome:  40-100,000 mRNAs
Proteome: 100-400,000 proteins
Interactome: >1,000,000 interactions

...but also technology advances:

Computing power increase, fast networks,
robots,...

e
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al: ranks ligands in order to establish a limited set of hit compounds
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VSM-G funnel:

Fast geometrical  Combination of several

matching methods in the funnel
\ 2/ allows both computational
GOLD(" semi-tlexivle docking efficiency and high
detection rate
NAMD Molecular Dynamics  decrease the number of
- molecules after each step.

Multi-step screening funnel
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Start

Sub-structure file generated using ISIS Draw:
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& ySm - MSSH screening

Fingerprints calculation | Fingerprints comparison |

Input directary: | CiivsMIStructures

Please chaose a file format: () .PDE  (5) .MOLZ

Input directory Files

ZIMCO0144756_10_rconf_L.malz A
ZIMCO0144756_2 _rconf_L.mol2 =
ZIMCO0144756_3_reonf_L.mal2
ZINC00144756_4_rconf_L.mol2
ZIMCO0144756_5_rconf_1.mol2
ZIMC00144756_6_rconf_1.mal2
ZIMCO0144756_7 _rconf_1.mol2
ZIMCO0144756_8_rconf_L.mol2

79 fileds)

& @

Selected files

ZINCO0144756_10_reanf_1.mal2
ZINCOD144756_2_rconf_1.mol2

Output directory: | C\WSMyCoefFicients

Surface type:

Irnpork caviky center:

() Local

) Grid

[

Expansion order: | 10 %

w
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& MSSH best ranked lipands E|E|E|

Cavity file: C:1\VSMTestsVIEY_cav coef

Choice  Ligand Hame RMSD
TADD12.5mi 0,553| &

" [ hoRralg 0,584,
0120 FLOO38 mol 0,627
HIED_lig 0,654
1IFP_lig 0,654
[]  023400020.mol 0,56
[J  PEPDO30.mol i 0,705

(o ) (oo ]




' VSM-G Proof of concept (1)

’ ZINC database
Protein: LXRPB receptor Ligands: ~—~

. VSM pre-filter
MD sampllng Clustering ns07

» Starting database: ZINC

VSM conformer generation

103,535 )

Set of representative target conformations

» Substructure-based pre-filter:
Phenyl-SO,-N motif.

» Introduce a known active compound
(GW3965) within the ligand database to check
the validity of the approach

» Starting data :
11,907 structures; 103,535 conformers.

*
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® | VSM-G Proof of concept (2)

eference compound GW3965 has been extracted as
a putative candidate with good rank at each level of
the funnel:

~2 s/mol

15 min/mol
> Top 10 after 1stfilter (shape complementarities)

36 h/2.5ns
> #1 after 2 filter (semi-flexible docking) (64 nodes)

» Highest interaction energy after MD refinements

This rank would propose the GW3965 molecule as the best
candidate ligand for the LXRp protein, with (computed)
affinity far above other top compounds.
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- 1| VSM-G High Throughput Screening (1)

se of grid computing allows large DB screening
within a reasonable time.

Grid’5000 (www.grid5000.fr) : 5000 CPUs for
research in Grid Computing, eScience and Cyber-
infrastructures

> We have used APST (A Parameter Sweep Tool) to schedule,
distribute and manage calculations on this national-scale grid.

Current objective: Screening databases of ~1,000,000
molecules against ~10 protein conformations (experimental
and from MD sampling)
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Flexible docking
1,000,000 molecules  ————> (e.g. GOLD)

e ————_

L, P0G,
3

Bioinformatics for Africa/Nairobi 28 may - 2 june 2007 x "o NANG)
~ Grid’5000 fj
leo.ghemtio@loria.fr 12 - ?r{j‘j 2 B INRIA E i';@;i )




Flexible docking

1,000,000 molecules  ————» (e.g. GOLD)
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® | VSM-G High Throughput Screening (3)

| "Jlf lo

Screening funnel

1,000,000 molecules —————— (e.g. MSSH/SHEF
then GOLD)
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Screening funnel
(e.g. MSSH/SHEF
then GOLD)

1,000,000 molecules

2 days

—/
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® | VSM-G High Throughput Screening (5)
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Numbers of task carried out for each size of the input files according to time

By using these results for the
jobs that present the best times
we can compute:

» Average duration of each task : 29.4 s

» Total time to transfer one task input : 1.50 s
» Time to run program in one task: 27.9 s

»> After the MSSH step we have run a SHEF
filter on all molecules, selecting 10,000 for

each cavity for the next screening funnel step
(GOLD)
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Perspectives

f VSM-G future developments:

» run GOLD on grid’5000 platform (at the present time we can run 20,000 GOLD in
14 hours on 1,200 processors)

> run NAMD on grid’5000 (10 NAMD jobs of 2.5 ns in one day on 32 processors)

» add possibility of QSAR modules in the funnel process

» replace commercial software by in-house or open-source ones

» enhance SHEF scoring function with physico-chemical features

» development of a relational database to store input data and VSM-G result

> etc...

- =
*
*
.
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__J Some VSM-G application in the pipeline

Binchem. J. (2005) 388, 29-38 (Printed in Great Britain) ®—29

Pt et

Molecular, functional and structural properties of the prolyl oligopeptidase
of Trypanosoma cruzi (POP Tc80), which is required for parasite entry into
mammalian cells

Izabela M. D. BASTOS™, Philippe GRELLIER+, Natalia F. MARTINSj:, Gloria CADAVID-RESTREPO*, Marian R. bE SOUZA-AULT*,
Koen AUGUSTYNSS, Antonio R. L. TEIXEIRA™, Joseph SCHREVELt, Bernard MAIGRET]|, José F. DA SILVEIRAY
and Jaime M. SANTANA™'

*Laboratério Multidisciplinar de Pesquisa em Doenga de Chagas (CP 04536), Universidade de Brasflia, 70919-970, Brasilia, DF, Brazil, 1USM 0504, Département Régulations,
Développement, Diversité Moléculaire, Muséum Mational d'Histoire Naturelle, 61 rue Buffon, 75231, Paris Cedex 05, France, :Embrapa, Genetic Resources and Biotechnology,

CP 02372, Brasilia, DF, Brazil, §Department of Medicinal Chamistry, The University of Antwerp, Belgium, || Laboratoire de Chimie Théarique, Université de Nancy, 54506
Vandoeuvre-les-Mancy, France, and §Departamento de Microbiologia, Imunologia e Parasitologia, Escola Paulista de Medicina, R. Botucatu 862, CEP 04023-062, Sdo Paulo, SP, Brazil

In project :

Cooperation with Mali (Modibo Coulibaly et
Seydou Doumbia) on Malaria kinases
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- || VSM-G Proof of concept (3)

ZINC database
3,000,000 s
VSM pre-filter
»  Starting database: ZINC. WL
- 3 million commercially available : VSM conformer generation
compounds. :';fz 103535 )
»  Pre-filter: only compounds showing Phenyl- @
SO,-N motif.
- 11,907 hits.
» Introduce a known active compound M@\A
(GW3965) within the ligand database to check
the validity of the approach. T

» Conformational analysis: ~10
confs./coumpound.

- 103,535 conformers.

*

Bioinformatics for Africa/Nairobi 28 may - 2 june 2007



gl
- /| VSM-G Proof of concept (2)

»  MD sampling:
- Duration: 6 ns, CHARMM27 force field, NPT ensemble, 300 K, 1 bar, explicit TIP3P water.

- Snapshot extraction each 0.5 ns.
» Snapshot clustering to limit the targets number.
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