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Outline[Outline]

q Docking to �nd ligands of theb2-adrenergic receptor:

m Theb2-adrenergic receptor

m Predictions

m Experimental results

q Docking to �nd substrates:

m Principle

m Sco3058

q Conclusions
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Theb2AR receptor
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b2AR – function[b2AR – function]

Involved in: smooth muscle relaxation (GI tract, bronchi),blood vessel

dilation, contraction speed of striated muscles: “�ght or �ight”.
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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)]
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A beautiful binding site (2)[A beautiful binding site (2)]
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Docking tob2AR
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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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Docking tob2AR[Docking tob2AR]

q Calculations were done with DOCK 3.5.54.

q Docking spheres where distributed based on

the positions of the heavy atoms of

carazolol and slightly altered to achieve

more uniform coverage.

q The T4-lysozyme insertion was removed, as

it carried a net charge of +9.

q We docked the lead-like subset of the

ZINC database, which contains about 1M

molecules.

DOCKING
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[ ]

q Algorithm: binding site �lled with

spheres. Sphere centers are considered as

putative positions for ligand atoms.

q Ligand:rigid, multiple conformations are

pregenerated, however.

q Protein: rigid

q SF:grid-based vdW, electrostatics &

ligand desolvation.

q Search: pair matching, up to106 posi-

tions generated.
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What we predicted[What we predicted]

Four classes of binders 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 15, 12, 2 and 2 compounds of each class, re-

spectively.
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Results[Results]
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Results[Results]

� Classic compounds: 4 hits.,
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Results[Results]

� Classic compounds: 4 hits.,
� Bridge compounds: 0 hits./
� Sulfonamides: 0 hits./
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Results[Results]

� Classic compounds: 4 hits.,
� Bridge compounds: 0 hits./
� Sulfonamides: 0 hits./
� Others: 2 hits.,
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Experimental veri�cation[Experimental veri�cation]
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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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Binding mode of 1[Binding mode of 1]
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Negative control for 5[Negative control for 5]
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Negative control for 5[Negative control for 5]
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An unsuccessful compound[An unsuccessful compound]
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Conclusions part 1[Conclusions part 1]

q The docking campaign against theb2-adrenergic receptor yielded

m a high hit rate (almost 20 %).

m one potent binder (1).

m two previously unexplored scaffolds.

q Why was it so successful?

m Library bias? Can we quantify it?

m Druggability of the site?
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Enzyme function prediction
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Rationale[Rationale]

As of July 31, 2008,

there were 1262 protein

structures lacking full

functional annotation

listed on http://kb.psi-

structuralgenomics.org/KB.
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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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Work�ow[Work�ow ]
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Amidohydrolases[Amidohydrolases]

q Conserved

(b=a)8-fold

q Mono- or binuclear

metal center

(Zn, Fe, Ni)
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Amidohydrolase reactions[Amidohydrolase reactions]
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Successes[Successes]

The predicted and

crystallographic binding

mode of S-adenosyl-

homocysteine (the

correctly predicted

substrate; green)

and its product (red)

in Tm0936 from

T. maritima, an enzyme

for which there were no

hints as to the function.
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Novel prediction: Sco3058
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Sco3058 – elucidating preferences[Sco3058 – elucidating preferences]

q Closest bacterial

homolog to the

renal dipeptidase.

q Amidohydrolase

with two Zn-ions

in the binding

site.
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Sco3058 – enrichments[Sco3058 – enrichments]

Would we have predicted peptides?

q KEGG compounds:

rank: 1 ! 100

score: -139.55! -103.80

28 catalytically competent poses

q Peptides:

rank: 1 ! 100

score: -140.95! -121.78

63 catalytically competent poses

very compelling interaction of the C-terminal carboxylatewith Arg223
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Sco3058 – results[Sco3058 – results]

q Enrichment of Xaa-D/L-Glu (7/50), Xaa-D-Gln (8/50), and

Xaa-D/L-Asp (2/50).

q One of the highest experimental turnovers in initial tests has been

achieved with L-Arg-D-Asp.
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Conclusions part 2[Conclusions part 2]

q Docking of high-energy intermediate forms of molecules can:

m generally predict the substrate class (Sco3058, Dr0930).

m give hints at speci�c substrates within the substrate class

(Tm0936).

q Docking of high-energy intermediate forms of molecules cannot:

m in case there are many members of a substrate class,

determine nuances in the reactivity (Sco3058, Dr0930).

m capture different reactivities that are based on electronic

features of the ligand – this would require QM (Dr0930).

m treat reactions that involve covalent bonds (at least for now).
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