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Ligands for expression cloning and isolation of GABAB receptors
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Abstract

Outlined is the rationale behind the syntheses of radioligands [125I]CGP64213 and [125I]CGP71872, which led to the
identification of cloned GABAB receptors 1a and 1b 17 years after the first pharmacological characterisation of native GABAB

receptors by Bowery et al. [Nature 283 (1980) 92–94]. More recently it was shown that the N-terminal extracellular domains of
GABAB receptors 1a and 1b contain the binding sites for agonists and antagonists [B. Malitschek et al., Mol. Pharmacol. 56
(1999) 448–454]. In order to isolate the extracellular domain(s) of GABAB receptors 1a (or 1b) and to purify and crystallise these
proteins a third ligand [125I]CGP84963 was designed, which combines, in one molecule, a GABAB receptor binding part, an
azidosalicylic acid as photoaffinity moiety and 2-iminobiotin, which binds to avidin in a reversible, pH-dependent fashion [W.
Froestl et al., Neuropharmacology 38 (1999) 1641–1646]. © 2001 Elsevier Science S.A. All rights reserved.
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1. Introduction

At the XIIth International Symposium on Medicinal
Chemistry in Basel in September 1992 we presented a
novel class of selective GABAB receptor ligands, which
were discovered when we replaced the carboxylic acid
group of the endogenous neurotransmitter g-aminobu-
tyric acid (GABA) by phosphinic acid residues [1]. We
found that the phosphinic acid analogue CGP27492
and the methyl-phosphinic acid derivative CGP35024
(Fig. 1) are highly potent GABAB receptor agonists [2],
whereas phosphinic acid analogues with substituents
larger than methyl displayed properties of GABAB

receptor antagonists, e.g. the CGPs 36216, 35348 and
36742 [3]. The phosphinic acid derivative CGP47656
substituted with a group R between methyl and ethyl,
such as difluoromethyl, turned out to be a partial
agonist [2].

We invested years of optimisation work in order to
improve the affinity of the weak GABAB receptor
antagonists, e.g. CGP36742 (IC50=32 mM) to obtain
compounds with single-digit nanomolar affinity, for

example CGP54626A (IC50=7 nM) or CGP62349
(IC50=2 nM; Fig. 2; IC50s: inhibition of binding of
[3H]CGP27492) [1,4–7].

2. Ligands for expression cloning of GABAB receptors

Since the first pharmacological characterisation by
Bowery et al. in 1980 [8] several groups have attempted
the isolation of GABAB receptors. Kuriyama and
coworkers [9] and Facklam and Bowery [10] tried to
purify GABAB receptors from bovine and pig brains,
respectively, via affinity chromatography. The groups
of Sekiguchi [11], Tanaka [12], Woodward [13], and
others, attempted expression cloning in Xenopus
oocytes. Ultimately, all attempts failed.

Fig. 1.
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Fig. 2.

Fig. 3.

A useful ligand has to fulfil at least three important
requirements: it must
� be an antagonist labelling all affinity states of the

receptor;
� have a very high affinity to the receptor;
� contain a radioisotope with very high specific ra-

dioactivity, e.g. 125I or 32P.
We identified a useful ligand, i.e. CGP54748 (IC50=
5 nM; Fig. 3), which was sent to Amersham for the
exchange reaction of non-radioactive iodine with the
125I isotope.

This reaction, however, resulted in decomposition of
the desired product. We first rationalised that the
strong radiation of the 125I isotope caused a radical
cleavage of the oxygen–hydrogen bond, triggering a
fragmentation reaction as outlined in Fig. 4.

In order to test this hypothesis we prepared the
corresponding 2-deoxy compound CGP57076A (IC50=
19 nM), a pure enantiomer with the a-methyl sub-
stituent in (S)-configuration, and submitted this
compound to the isotope exchange reaction. Decompo-
sition also occurred in this case. We assume the frag-
mentation reaction proceeds via the benzylic radical
(Fig. 5).

We came to the conclusion that we should place the
radioactive iodine isotope at a position in the molecule
as remote as possible from this fragile tertiary benzylic
C�H bond. The a-methyl substituent cannot be omit-
ted, as it is indispensable for the single-digit nanomolar
affinity of our ligands to GABAB receptors [1,5]. For
this reason we prepared ligands with amino-alkyl side
chains at the phosphinic acid moiety of the molecule
(Fig. 6), to which we attached the iodine-bearing aro-
matic ring via an amide bond. Amides, unlike the
primary amines, showed high affinity to GABAB

receptors.
This idea proved to be feasible and led, finally, to the

desired antagonist ligand [125I]CGP64213 (Fig. 7) with
an even higher affinity to GABAB receptors than ex-
pected, having the required very high specific radioac-
tivity. This ligand is stable for one half-life of the 125I
isotope, i.e. 60 days.

The synthesis of the photoaffinity ligand
[125I]CGP71872 (Fig. 8) was carried out in a similar
way. On irradiation at a wavelength of 365 nm for

Fig. 4.

Fig. 5.

Fig. 6.
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Fig. 7.

[125I]CGP71872 binds to the soluble ECDs, which can
be blocked by prior exposure to CGP54626A. These
experiments showed that the ECDs could fold correctly
even when dissociated from the transmembrane do-
mains to provide full ligand binding. Now we can
attempt to isolate the ECDs, purify and crystallise these
proteins. By determining their X-ray structures we will
obtain precise information on the three-dimensional
environment of the GABAB receptor 1 binding sites.

The method of choice for protein purification is
affinity chromatography utilising ligands to which bi-
otin is attached. Biotin has an extremely high affinity to
the glycoprotein avidin (KD=10−15 M). We prepared
several GABAB receptor antagonist ligands containing
biotin, e.g. CGP73415, with a spacer of three molecules
of GABA and one of 6-amino-hexanoic acid between
the GABAB receptors binding part and biotin (IC50=
33 nM; Fig. 9) [18].

This ligand may be useful to retain the ECD of
GABAB receptor 1 on an avidin column. Desorption
can be achieved by competition with excess of a potent
GABAB receptor antagonist, e.g. CGP54626A. Using
this protocol we have to expect a mixture of three
species, i.e. the receptor fragment with and without the
antagonist plus unbound ligand due to the equilibrium
between association and dissociation. A ligand, which is
bound irreversibly to the receptor (fragment), may en-
hance our chances of crystallisation. Therefore, we
require both a photoaffinity- and an affinity chro-
matography-ligand combined in one molecule. The
most straightforward solution is to attach a spacer plus
biotin as fifth substituent on the azidosalicylic acid
moiety of [125I]CGP71872 (Fig. 8).

Theoretically, we can envisage four chemically feasi-
ble permutations of the pentasubstituted iodo-azido-
salicylic acid, taking into account that the OH group
directs the iodine substituent into para (A and B) or
ortho positions (C and D) (Fig. 10). Reactive groups at
the receptor fragment bind to the nitrene intermediate
generated by the photoreaction from the azide. In
structures A, B or D both ortho positions adjacent to
the azido group are substituted, whereas in structure C
one ortho position is free, thereby causing less steric
hindrance for the reaction with the protein than struc-
tures A, B, or D.

Fig. 8.

3 min with a 24 W lamp, [125I]CGP71872 bound irre-
versibly to native GABAB receptors in rat cortex, cere-
bellum and spinal cord membranes, revealing two
bands of 130 K and 100 K in SDS gel electrophoresis,
which were attributed to two GABAB receptor splice
variants.

Our molecular biologists set up a screening procedure
for [125I]CGP64213 binding at transfected COS cells. By
screening a cDNA library of two million clones pre-
pared from cerebella and cortices of 7-day-old rats they
succeeded in identifying the clones encoding GABAB

receptor 1a, a protein of 960 amino acids and GABAB

receptor 1b, a protein of 844 amino acids, both with the
typical seven transmembrane-spanning domains of G-
protein coupled receptors [14]. The syntheses of both
radioligands are described with full experimental details
in our patent [15]; 2 years after the publication of our
patent Merck scientists re-published the synthesis of
[125I]CGP71872 [16].

3. Ligands for isolation of GABAB receptor fragments

Malitschek et al. [17] succeeded in expressing the
soluble N-terminal extracellular domains (ECDs) of
both GABAB receptors 1a and 1b in insect cells using
recombinant baculovirus. The photoaffinity ligand

Fig. 9.
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Fig. 10.

Fig. 11.

However, by attaching the ligand of structure C
irreversibly to the GABAB receptor fragment we have
to face another serious problem, i.e. to detach the
receptor–ligand complex after the purification step
from the avidin columns. One solution to this problem
is the use of imino-biotin, whose affinity to avidin is
pH-dependent [19]. Protonated 2-iminium-biotin binds
to avidin with eight orders of magnitude weaker affinity
than imino-biotin. Recovery of the protein–ligand
complex from avidin columns can be achieved by wash-
ing with ammonium acetate solutions at pH 4.

All these considerations went into the 30-step synthe-
sis of [125I]CGP84963 (Fig. 11). A dissociation constant
KD of 2 nM was calculated from best-fit analyses of
saturation curves. 30% of the total radioactivity was
bound irreversibly to native GABAB receptors of rat
cortex after the photoreaction (irradiation with a 24 W
lamp, l=365 nm for 3 min) [18].

Experiments are currently under way to purify the
extracellular domain of GABAB receptor 1a expressed
in large quantities in Escherichia coli with the aim of
obtaining a crystalline receptor fragment–ligand com-
plex suitable for X-ray structure determination.
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