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FXR Data Set

Main ligand topologies:
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Benzimidazoles Spirocycles
(21 X-ray, 47 SAR) (3 X-ray, 22 SAR)
- crystal structures of analogues FE set Il

available in public domain
- binding data mostly for racemates
(S-enantiomer more active)

X-ray set: - 37 crystal structures (1 apo)

- 1C50 range: 0.008 - >100 uM
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SAR for 102 compounds: IC50: 0.0003 - >100 uM



Experimental Details

Binding data:
 scintillation proximity assay (competition binding with radioactive tracer)

* GST-tagged human FXR ligand binding domain

Crystallography: d
E

co-crystallization screening always needed FXR ligand binding domain

to obtain FXR structures with compound

« co-activator peptides are used in crystallization setups
NCOA-1: DHQLLRYLLDKD
GRIP-1: ENALLRYLLDKD

 crystal structures in several different crystal systems

PG, P2,2,2, P2,2,2,, P2,, C222,

 Resolution of the structures between 1.7 - 2.6A



Overlay of all X-ray Crystal Structures

* Some helices with varied backbone conformations
* Flexibility in loop regions

» Considerable side chain induced fit (see next page)



FXR: A Challenging Target for Molecular Design

« Binding cavity predominantly hydrophobic

PDB: 10sv

* Five MET residues in direct contact or close proximity to ligands
* No obvious ligand anchor
—

— Strong induced fit effects

— Few, poorly conserved interaction motifs
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IC50: 0.045 uM IC50: 0.073 uM




FXR: Binding Modes

* Mostly good conservation of binding modes within
classes, e.g. Benzimidazoles, spirocycles,
tetrahydropyr(az)olopyridines

« 3 different positions for phenylisoxazole

* Poor overlay of different classes

impossible to derive overlay from
ligand-based approach




FE Data Set 2: Interesting Questions

Performance in ranking12 small mono- and disubstitutions
on phenylsulfone with large activity range?
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IC50: 0.028 uM IC50: 0.735 uM IC50: 41.8 uM

Performance in prediction of polar interactions?

Br Br Br

IC50: 5.6 uM IC50: 11.2 uM IC50: >100 uM



FE Data Set 1: Interesting Questions

Performance in prediction of polar interactions?
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IC50: 0.785 uM IC50: 13.1 uM
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Prediction for scaffold hop?

IC50: 29.6 uM

IC50: 27.6 uM
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IC50: 46.7 uM

IC50: 62.4 uM



Acknowledgements

Crystallography
Markus Rudolph
Jorg Benz

Catherine Joseph

Chemistry

Hans Richter
Konrad Bleicher
Uwe Grether
Rainer Martin
Sven Taylor

Song Feng

Biology
Peter Hartman
Christophe Gardes

Gregory Benson

Management

Martin Stahl



Doing now what patients need next



