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Outline[Outline]

q Structure-based ligand design

q Docking: de�nition & general considerations

q Approaches to docking

q A successful virtual screening campaign
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Docking[Docking]

q Correct placement of a small molecule in the binding site of a

protein target.

q Evaluation of the binding energy with a scoring function.

q Goal: to �nd tight binders in a pool of available chemical

compounds.
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Docking – analogy[Docking – analogy]
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Docking (2)[Docking (2)]
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General docking work�ow[General docking work�ow]

DOCKING

Prepared protein structures3D & add hydrogens

2D molecules

Ranking

optimization
Conformation

Testing
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Pitfalls of database preparation[Pitfalls of database preparation]

q protonation states of ligands, esp. those with protons having a pK

near 7.

q tautomers.

q ring conformations (usually not explicitely sampled during

docking).

q parametrization of atoms! chemistry is so diverse.

q we will be using ZINC, a small molecule database curated by John

Irwin) many of these problems have already been addressed.
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Receptor preparation[Receptor preparation]

q remove most (all) waters, ions, ligands.

q de�ne “hot spots” for docking (i.e., binding sites).

q protonate the receptor — proton positions are important!

q calculate grids for van der Waals and electrostatics.
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Pitfalls of receptor preparation[Pitfalls of receptor preparation]

q proton positions.

q region of low dielectric.

q structural waters.

q treatment of co-enzymes and metals.

q disorder/incomplete side chains in the model.

q �exible side chains in or near the active site.

q protonate titratable groups?
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Docking approaches
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Approaches to docking[Approaches to docking]

q DOCK (Kuntz/Shoichet groups)

q FlexX (Lengauer group & Klebe)
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[ ]

q Algorithm: binding site �lled with

spheres. Sphere centers are considered as

putative positions for ligand atoms.

q Ligand:rigid (�exibility incorporated via

hierarchical docking)

q Protein: rigid

q SF:empiric grid-based vdW

q Search: pair matching, up to106 posi-

tions generated.
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Hierarchical docking[Hierarchical docking]

Docking scales badly with the degrees of freedom: for ligand(and

protein)Ncon f sµ 3N

Raushel Lab, Texas A&M University, August 24, 2009 – p.14/30



[ ]

q Algorithm: base fragment placed interactively. Incremental

construction of the ligand.

q Ligand:�exible (discrete torsions)

q Protein: rigid

q SF:mainly HB + ionic & aromatic interactions. Deviations from

known values are penalised.

q Search:greedy heuristic (only thek best conformations are used

in the next step).
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Optimization[Optimization]
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Problems with docking[Problems with docking]

q has to be fast)

q crude interaction energy functions.

q no �exibility in the protein (too expensive).

q non-negligible number of false positives.
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Good things to be said about docking[Good things to be said about docking]

q usually quite good at reproducing xtal structures.

q capable of high throughput.

q allows rational design of drugs.

q molecules that have not yet been synthesised can be docked.

q has a proven track record.
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High Energy Intermediates (HEIs)
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Rationale 2[Rationale 2]

“For enzymes of unknown function, substrate prediction based on

structural complementarity is, in principle, an alternative to

bioinformatics inference of function. [. . . ] enzymes preferably recognize

transition states over the ground state structures that areusually

represented in docking databases. [. . . ] this form of the substrate is

among those that should best complement steric and electronic

features of the enzyme active site.”

Hermann et al., Nature 2007
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High-energy intermediates[High-energy intermediates]
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The high-energy intermediate (HEI), rather than the ground-state

molecule, is used in the docking calculation. Described in:

Hermann et al., J. Am. Chem. Soc. 2006; Nolan et al., J. Am. Chem.

Soc. 2006; Hermann et al., Nature 2007
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Screening

Raushel Lab, Texas A&M University, August 24, 2009 – p.22/30



b2AR – xtal structure[b2AR – xtal structure]

Cerezovet al.,

Science 318:1258-1265

Rosenbaumet al.,

Science 318:1266-1273
T4-lysozyme!

(for stability)
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A beautiful binding site[A beautiful binding site]
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A beautiful binding site (2)[A beautiful binding site (2)]

Raushel Lab, Texas A&M University, August 24, 2009 – p.25/30



A beautiful binding site (2)[A beautiful binding site (2)]
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What we predicted[What we predicted]

Four classes of substrates have been predicted:

q “classic” compounds with all canonical pharmacophoric features

of antagonists.

q “bridge” compounds connecting the two walls of the binding

pocket (Thr195 to Tyr308).

q sulfonamide compounds.

q others.

We managed to acquire 12, 9, 2 and 2 compounds of each class, respec-

tively.

Raushel Lab, Texas A&M University, August 24, 2009 – p.26/30



Results[Results]
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Results[Results]

� Classic compounds: 4 hits.,
� Bridge compounds: 0 hits./
� Sulfonamides: 0 hits./
� Others: 2 hits.,

6 hits out of 25 tested! 24% hit rate
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The six hits[The six hits]
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For comparison: �veb2 antagonists[For comparison: �veb2 antagonists]
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Summary[Summary]

q Methods for virtual high-throughput screening are indispensable

tools in the search for ligands.

q A good balance between accuracy and speed is crucial.

q The prediction of the binding energy is important, but dif�cult.

Raushel Lab, Texas A&M University, August 24, 2009 – p.30/30


