Structure-based discovery of 3,-adrenergic receptor ligands
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Introduction

Aminergic G-protein coupled receptors (GPCRs) have been a
major focus of pharmaceutical research for many years. The
recently solved x-ray structure of the (:-adrenergic receptor
(B2AR, Fig. 1, [1]) allowed us to investigate the advantages and
limitations of structure-based ligand discovery approaches
against this and related GPCR targets. The success of such a
docking screen might be reflected in the hit rates and the po-
tency of the hits, but also whether the structure is capable of
recognizing new chemotypes. In addition, since the 32AR was
crystallized in complex with an inverse agonist, it is important
to determine the efficacy of the ligands.

Fig. 2: Top view (left) and side view (right) of the binding site of $2AR. It is a
narrow and deep cleft, a layout which is emphasized by the polar interactions
offered by the residues lining the binding site.
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Fig. 1: The B2AR inserted into
a native-like environment, a
bilayer of lipids. Lipid bilayer
coordinates from "Database of
Inserted Membrane Proteins”
at SBCB, Oxford, UK.

Method

Docking calculations were done with DOCK 3.5.54 [2] against
the $;AR/carazolol complex (Fig. 2), screening the ~ 1 Million
compounds of the “lead-like” subset of ZINC. Compounds
were ranked according to electrostatic and van der Waals in-
teraction energies which were corrected for ligand desolvation.
Library bias was assessed with the Similarity Ensemble Ap-
proach (SEA, [3]). K; values were determined based on radio-
ligand displacement assays using *H-dihydroalprenolol.

Results

Twenty-five molecules were chosen after visual inspection of
the top 500. Six compounds with percentage of displacement
larger than 10% were further characterized to obtain K; val-
ues (Fig.3). Four compounds (J-0) are similar to carazolol
and share a common binding mode, but 0 and 0O are far away
from previously explored chemical space for S2AR. Next, we
investigated ligand efficacy and found that all compounds are
inverse agonists, as is carazolol. 0 has an affinity of only 9nM
and is also a potent inverse agonist (Fig. 5). Finally, we quan-
tified library bias and found that available chemical space
is strongly biased toward chemotypes recognized by GPCRs
(Fig. 4).
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Fig. 3: The six active compounds identified in the docking screen.
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Fig. 4: Comparison of the lead-
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Discussion

Docking was able to identify six potent ligands of 5.AR. While
four of them resemble typical 52AR ligands, two compounds
represent novel chemotypes that couldn’t have been found
with ligand-based methods. Library bias played a role in this
screen and it is not surprising that the most potent molecule
to emerge resembles adrenergic ligands. Based on the struc-
tural “druggability” of aminergic GPCRs, and the general bias
in our libraries, structure-based approaches promise to be a
fruitful avenue for novel ligand discovery.
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