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Introduction Q

Virtual screening:
» Given a protein and a database of ligands,
use scores (produced by a docking tool) to determine
which ligands are most likely to bind
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How Good Are Docking Programs?gg

Questions:
Docking accuracy?
» Screening accuracy?
* Binding affinity prediction accuracy?
« Computation speed?

Introduction

Protein-ligand docking:

« Given a protein and a ligand,
determine the pose(s) and conformation(s)
minimizing the total energy of the protein-ligand complex

http://www.molsoft.com/ /
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How Good Are Docking Programs?&

Questions:
« Docking accuracy?
* Screening accuracy?
« Binding affinity prediction accuracy?
« Computation speed?

[Kellenberger04] Docking Study

8 Docking Programs:
¢ FRED (multiple conformers)
* DOCK (incremental construction)
» FLEXX (incremental construction)
« SLIDE (incremental construction)
* SURFLEX (incremental construction)
¢ GLIDE (Monte Carlo simulated annealing)
* QXP (Monte Carlo simulated annealing)
* GOLD (genetic algorithm)
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100 Protein-Ligand Complexes:
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100 Protein-Ligand Complexes:
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Docking accuracy:

For Ligand Ranked First (top pose)
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100 Protein-Ligand Complexes:
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Docking accuracy:
For Ligand with Closest RMSD (best pose)
A.
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Docking accuracy:
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Docking accuracy:
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Docking accuracy:
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Docking accuracy:
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Docking accuracy:
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Docking accuracy:

Only 5 most flexible ligands
(>25 rotatable bonds)

best

[ top

| top best top best

Y | B

I~

SURFLEX GOLD GLIDE FLEXX DOCK FRED

RMSD<2A ©
% of complexes

-
How Good Are Docking Programs?;&

Questions:
« Docking accuracy?
Screening accuracy?
« Binding affinity prediction accuracy?
« Computation speed?
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Dock 1000 ligands into HIV-1 TK Screening accuracy:
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Screening accuracy: Questions:
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Computation time: Questions:
« Docking accuracy?

Program Average” Minimum” Maximum® » Screening accuracy?

FRED? 18 0.1 193 Binding affinity prediction accuracy?
DOCK 46 1 667 « Computation speed?

FLEXX 67 2 595

QXP 108 37 378

SLIDE 118 1 1743

SURFLEX 135 9 1460

GOLD 137 55 479

GLIDE 234 9 2825
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Compare predicted and measured binding energies

Empirical methods:
» Gold [Jones97]
* DOCK [Kuntz82]
* ChemScore [Eldridge97]

Knowledge-based methods:
¢ PMF [Muegge99]
« Bleep [Mitchell99]

\\Lu\dvnlﬂ\)

Vs

DOCK calculated log K, vs. experimental log K
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GOLD calculated log K, vs. Experimental log K,
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ChemScore calculated log K vs. experimental log K
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BLEEP calculated log K, vs. Experimental log I?d .
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Table 1 Correlations Between Experimental and Calculated log K., Values Given by Five Scoring Functions.

Dataset No. of BLEEP PMFE GOLD __DOCK __ChemScore
R © R R ¢ R ° R ¢

All 205 0.59 0.32 0.31 0.11 0.50 0.20 0.43 0.20 0.45 0.18
A Serine proteinases 35 0.82 0.74 0.75 0.51 0.61 0.47 0.83 0.69 0.13 0.00
B Metalloproteinases 25 0.72 0.44 0.45 0.33 0.44 0.14 0.42 0.20 0.43 0.17
c Carbonic anhydrase ii 18 0.53 0.47 0.46 0.32 0.42 0.34 0.54 0.01 0.50 0.28
D Sugar binding proteins 30 0.76 0.58 0.45 0.09 0.02 0.00 0.05 0.00 0.29 0.09
E Aspartic i 38 0.08 0.01 0.520.13 0.02 0.00_0.08 0.01_0.08 0.00
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Discussion

Conclusion

« All five scoring functions have modest correlation (2 <.32)
with measured K, values

[Marsden04] J
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