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Detailed characterization of the GPR55 ligand binding pocket is an essential per-requisite for

rational design of novel GPR55 specific antagonists, which have a high potential to be applied in
neuropathic pain relieve treatments in the future.

To characterize |¥SO|ipid—GPR55 interaction a novel homology model of GPR55
was created. Synthetic access to LysoPtdGlc and selected analogues featuring modifications on the
acyl chain and on the phosphate moiety were established. The biological activity of each synthetic
lipid was assessed using a GPR55-dependent chemotropism assay in primary sensory neurons. Molecular
dynamics simulations of the GPR55 homology model in presence of synthetic lysolipid ligands have
been performed and assessed. Combination of the molecular dynamics simulations and biological
experiments provided insight into the potential ligand entry port and binding pocket specifics of
GPR55. These results highlight the preference for gluco- over inositol- and galacto-configured
headgroups. Furthermore, the specific acyl chain length required for GPR55 activation has been
determined and is in good agreement with the created homology model of GPR55.
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In 2003 phosphatidyl-8-D-glucoside (PtdGlc) - the precursor of lyso-PtdGlc -
was isolated from mammalian sources for the first time. It is comprised of a
B-glucoside linked to a phosphatidic acid (PA) residue [Tetrahedron Lett.
2008]. Interestingly, the fatty acid pattern of the PA residue consists
exclusively of saturated fatty acids, namely arachidic acid (C20:0) at the
secondary hydroxy function and stearic acid (C18:0) at the primary hydroxy
function. Furthermore, natural PtdGlc exists as a mixture of both
stereoisomers at the glycerol backbone, raising the intriguing question of its
biosynthetic pathway. PtdGlc can be selectively visualized by DIM21, a
highly specific AB against PtdGlc [Bioorg. Med. Chem. 2008].

We reported [Science, 2015] that the soluble form of PtdGlc, termed
lyso-PtdGlc, is released from glial cells by secretory PLA: in the central
nervous system to guide neuronal growth during development. After birth,
production of PtdGlc completely ceases. Interestingly, while a directed
gradient of lyso-PtdGlc resulted in axonal outgrowth repulsion, engulfing
the growth cone of neurons in lyso-PtdGlc (10uM) resulted in growth cone
collapse, thus terminating neuronal growth.

We reported [Science 2015] the fist lipid molecule, called lyso-PtdGlc,
capable of guiding and terminating neuronal growth. The recently
identified receptor for lyso-PtdGlc, GPR55, is involved in neurpathic pain
sensation. The aim of this project is: 1) to characterize the ligand binding
pocket of GPR55; 2) to identify lead compounds with GPR55 agonistic and
antagonistic activity for drug development.

A novel homology model of GPR55 will be developed. The validity of the
GPR55 homology model will be assessed by comparison with biological
assay results of synthetic GPR55 agonists and antagonists.

To characterize lysolipid-GPR55 interaction a novel homology model of
GPR55 was created. Synthetic access to LysoPtdGlc and selected analogues
featuring modifications on the acyl chain and on the phosphate moiety were
established. The biological activity of each synthetic lipid was assessed
using a GPR55-dependent chemotropism assay in primary sensory neurons.
Molecular dynamics simulations of the GPR55 homology model in presence
of synthetic lysolipid ligands have been performed and assessed.
Combination of the molecular dynamics simulations and biological
experiments provided insight into the potential ligand entry port and
binding pocket specifics of GPR55. These results highlight the preference
for gluco- over inositol- and galacto-configured headgroups. Furthermore,
the specific acyl chain length required for GPR55 activation has been
determined and is in good agreement with the created homology model of
GPR55.
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