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Abstract

Galnon was first reported as a low molecular weight non-peptide agonist at galanin receptors [Saar et al. (2002) Proc. Natl. Acad.

Sci. USA 99, 7136–7141]. Following its systemic administration, this synthetic ligand affected a range of important physiological
processes including appetite, seizures and pain. Physiological activity of galnon could not be explained solely by the activation
of the three known galanin receptors, GalR1, GalR2 and GalR3. Consequently, it was possible that galnon generates its manifold
effects by interacting with other signaling pathway components, in addition to via GalR1-3. In this report, we establish that galnon:
(i) can penetrate across the plasma membrane of cells, (ii) can activate intracellular G-proteins directly independent of receptor acti-
vation thereby triggering downstream signaling, (iii) demonstrates selectivity for different G-proteins, and (iiii) is a ligand to other
G-protein coupled receptors (GPCRs) in addition to via GalR1-3. We conclude that galnon has multiple sites of interaction within
the GPCR signaling cascade which mediate its physiological effects.
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1. Introduction

G-protein coupled receptors (GPCR) comprise one of
the most important pharmaceutical targets, with 60% of
all clinically prescribed drugs being GPCR ligands.
Alternative therapeutic agents which bypass GPCR,
but rather directly target downstream intracellular sig-
naling cascades have not been developed to-date.

Galanin receptors (GalRs) are members of the rho-
dopsin-like family A GPCR superfamily of proteins.
Three subtypes of GalRs have been identified, termed
GalR1, GalR2 and GalR3. In an attempt to generate
a novel ligand for these receptors, a combinatorial
library was constructed based on a tripeptide which
incorporated the major pharmacophore of the natural
agonist galanin, namely Trp2, Asn5 and Tyr9. Screening
of this library identified galnon, 7-[(9-fluorenylmethoxy-
carbonyl) cyclohexylalanyllysyl] amino-4-methylcouma-
rin, a low molecular weight substance (MW of 677 Da)
capable of displacing [125I]-porcine galanin binding to
the GalR1 with an affinity of 3–12 lM (Bartfai et al.,
2004; Saar et al., 2002). Galnon was subsequently dem-
onstrated to be an agonist at this receptor as it inhibited
adenylyl cyclase in rat hippocampal membranes (Saar
et al., 2002), which are known to be rich in GalR1.

Administration of galnon generates a wide range of
physiological effects. For example, galnon has been
reported to act as an anti-convulsant in vivo (Saar
et al., 2002), to decrease symptoms of opiate withdrawal
(Zachariou et al., 2003), to regulate appetite, thereby
reducing food intake (Abramov et al., 2004), to induce
long-term potentiation in dentate gyrus of C57BL/6
mice (Badie-Mahdavi et al., 2005), to increase insulin
release in rat pancreatic islets (Quynh et al., 2005), to
produce an antidepressant effect in rats (Lu et al.,
2005a), and to alleviate nociceptive responses to partial
sciatic nerve injury (Wu et al., 2003); summarized in
(Sollenberg et al., 2005). While some of the effects of gal-
non have been shown to involve GalR, others cannot be
explained solely by this mechanism. Hence, additional
pathways to interaction of galnon with galanin receptors
must be involved to explain the observed results. For
example, intraperitoneally applied galnon prolongs heat
withdrawal latency in sciatic nerve injured rats in a dose-
dependent manner. However, galnon does not affect
mechanical or cold hypersensitivity, even though this
effect was observed previously with intrathecally applied
galanin (Wu et al., 2003). Furthermore, while intracere-
broventricular injection of galanin stimulates food con-
sumption (Kyrkouli et al., 1990), galnon causes a
pronounced, dose-dependent, reduction of food intake
in rats and mice following both intraperitoneal and
intracerebroventricular administration (Abramov
et al., 2004). In vivo anticonvulsant activity of galnon
was comparable to that of galanin despite the differences
in the binding affinity between the two compounds (Saar

et al., 2002). Taken together, these data suggest that gal-
non must have other modes of action in addition to the
direct activation of GalRs.

It has been reported previously that a small number
of compounds, such as neuropeptide Y and substance
P, and several basic secretagogues, can activate G-pro-
teins directly in a receptor-independent manner, albeit
at micromolar concentrations (Ferry et al., 2002; Ogawa
et al., 1999; Raimondi et al., 2002). In this study, we
establish that galnon can cross the plasma membrane
of cells to activate G-proteins directly and selectively.
In addition, we demonstrate that galnon is also a ligand
at GPCRs other than GalR1-3. The ability of a small
molecule to affect G-proteins directly, rather than via
a GPCR, may provide a novel approach for pharmaceu-
tical intervention of intracellular signaling.

2. Materials and methods

2.1. Chemicals and reagents

Lipofectamine and Fugene were purchased from Life
Technologies/Invitrogen (Carlsbad, CA) and Roche
(Basel, Switzerland), respectively. SKF38393 was pur-
chased from Research Biochemicals International
(Natick, MA). [125I]-(�) iodocyanopindolol, [N-Methyl-
3H]-SCH23390, [125I]-galanin, [Phe3-3,4,5-3H]AVP, [N-
methyl-3H] scopolamine and [Tyr-2,6-3H]oxytocin were
all from Perkin–Elmer Life Sciences (Boston, MA).
C18 ZipTips were obtained from Millipore (Billerica,
MA). Amino acids were from Novabiochem (Darms-
tadt, Germany). Cellmedia and reagents were purchased
from Life Technologies/Invitrogen (Carlsbad, CA) or
Sigma–Aldrich (St. Louis, MO). AVP and OT were pur-
chased from Bachem Ltd (St. Helens, UK). Soluene 350
(Packard, USA), HiSafe3TM (Wallac, UK). Carboxyflu-
oroscein was purchased from Molecular Probes (Leiden,
The Netherlands) and lactate dehydrogenase (LDH)
leakage assay Cytotox-one, from Promega (SDSbio-
sciences, Sweden). Additional chemicals and reagents
were all from SigmaAldrich (St. Louis, MO).

2.2. Cell cultures and transfection

HEK293 and chinese hamster ovary, CHO, cells were
maintained in Minimal Essential Medium and F-12
Medium, respectively. COS-7 and HEK 293T were cul-
tured in Dulbecco�s Modified Eagle�s Medium. Rinm5F
cells were grown in RPMI-1640 medium with 2 mM L-
glutamine. Bowes human melanoma cells (American
Type Culture Collection CRL-9607) were grown in
Eagle�s Minimal Essential Medium with Glutamax with
1% non-essential amino acids and 1% sodium pyruvate.
Sf9 cells were maintained in Grace�s insect medium. All
media were supplemented with 10% fetal bovine serum,
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