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Virtual screening of compounds for drug discovery

Virtual screening

Automatic scanning of a large library of chemical compounds, in terms of binding to
a protein target, using computational (prediction) algorithms

Commonly used as first (cheap and fast) filter in drug discovery projects

eLigand-based methods
eStructure-based methods

Docking: prediction of the conformation, position and orientation of the ligand in
the protein’s binding site

Success is limited by several factors, originating in the empirical character of the
scoring functions and aggravated by flexibility issues
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The DrugsForAgeing project

Collaborative project, Subprograma de Proyectos Singulares y Estratégicos,

Programa Nacional de Cooperacién Publico-Privada, Ministerio de Ciencia e
Innovacion

Main objective: identification of new drug targets for combating Alzheimer’s
disease, as well as hit compounds against these targets

' current knowledge
PPl-based target discovery | extension (comp & exp)

modelling (Al) & query

structure determination |

virtual screening |

experimental validation |
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Our virtual screening approach

Library of compounds

Chemical DataBase Manager (CDBM), Xavier Barril, UB
Compounds commercially available from different vendors
Molecular states and three-dimensional conformations generated
with LigPrep, which enumerates tautomers, ionization states and,
when the chirality is not specified, stereo-isomers

3D structure energy-minimized with the OPLS force-field

Filtered according to availability in the collections, Lipinski and
Veber rules, no reactive moieties (toxicity) and a maximum of 4

conformational states considered |
rN
Over 2x10% compounds “Nj
o <Gleevec™>
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Our virtual screening approach

Pharmacophore Libragg

Ensemble of steric and electronic features that are necessary to
ensure the optimal molecular interactions with a specific biological Pharmacophi
target and to trigger (or block) its biological response Filten

Docking
(Vina)

Ranking
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Our virtual screening approach

Docking with AutoDock Vina

Scoring with Vina + CSCORE (G-Score, PMF-Score, D-Score and
ChemScore)

Ranking and selection of the best 5000

AutoDock Vina: Trott & Olson. J Comput Chem 2010, 31: 455
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The Linear Interaction Energy (LIE) approach
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Parameterisation based on experimental binding free energies:
a =0.18 : “universal”, includes all size-dependent contributions to ligand binding
Y : protein dependent, correlates with the hydrophobicity of the binding-site pocket

B = 0.5 : derived from linear response approximation (but dependent on the chemical
nature of the ligand)

Hansson T, et al. ) Comput-Aided Mol Design 1998, 12: 27
Carlsson et al. ) Med Chem 2008, 51: 2648
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Molecular dynamics simulation

Principle: At : time step in the simulation (typically 2 x 10 ™°s)
M coordinates of atom i at time t = nAt

V;, : velocity of atom i attime t = nAt

At
ri’n’viﬂ . g ri,n+1’vi,n+1
dr.
a Y
42 . > Newton's equations of motion
i
dt>  m;
oV
F==o
or.

(ro,vo,t = O),(rl,vl,t = At),K ,(rm,vm,t = mAt)—> trajectory of the system

Biomolecular simulation: mAt =10® —10°s
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Biomolecular model and force field
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Our virtual screening approach

5000 compounds per target protein S

2 proteins

2 simulations per compound (2x10% simulations):
e ligand-protein + water
e ligand + water

1CPU: 50h / compound

= ICTS-CESGA

Simulations with Q

OPLS-AA force field

Spherical boundary conditions
T=310K

500 ps per simulation

Current status:
15t target: done
2" target: 3000 compounds

15t HTS with MD

Q: Marelius et al. ) Mol Graph Model 1998, 16: 213
OPLS: Jorgensen et al. JACS 1996, 118: 11225
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Our virtual screening approach

Gy =7 = a (U )= (Ui [+ A (U )= (W)

Ranking of the AG_~ — y calculated for the 5000 compounds

Clustering according to chemical and structural similarity

Experimental testing of 50-100 compounds
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