Mapping Functional Regions of GPCRs
using Shotgun Mutagenesis
Mapping of GPCR Functional Regions

G protein-coupled receptors (GPCRs) are structurally
complex membrane proteins, possessing three noncontiguous molecular domains. The extracellular loops
(ECLs) form the surface-accessible receptor face, the
transmembrane domains (TMs) traverse the cell
membrane, and the intracellular loops (ICLs) mediate G
protein coupling and receptor signaling. The ECLs and
TMs are common ligand binding sites, and undergo
important conformational changes that transduce the
activation event to the ICLs. However, few tools exist for
studying how GPCRs bind, activate, and signal at the
structural level. Because of their dependence on the lipid
environment of the cell membrane, GPCRs are poorly
suited for traditional structural analyses such as
crystallography and NMR. Furthermore, structural tools
alone are not sufficient to provide a detailed
u n d e rsta n d in g o f re ce p t o r a ct iva t io n a n d sign a l
transduction. Instead, most current knowledge derives
from mutagenesis studies. Chemokine receptors are a
class of GPCR that mediate cell trafficking events
involved in inflammation. Understanding the structural
basis by which ligands bind and activate these receptors
is important for designing effective inhibitors of receptor
function.

Shotgun Mutagenesis

Site-directed mutagenesis is a powerful experimental
strategy for elucidating the structure-activity relationships
between GPCRs and their ligands. However, the introduction of point mutations, one by one, into a receptor,
and the expression of the large numbers of resulting
clones for functional analysis, is usually a slow and laborintensive process that precludes comprehensive structure-activity investigations. Shotgun Mutagenesis uses a
proprietary high-throughput expression technology that
enables large libraries of mutated proteins to be individually expressed and analyzed within living cells. Standard
mammalian cell lines can be used, facilitating analysis of
receptor function using conventional assays and detec-
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Figure 1. Calcium flux signaling in a 384-well microplate of cells
expressing CCR5 mutants exposed to a chemokine ligand. Amino acids
that are critical to ligand responsiveness are identified by a loss of function when point mutations are introduced. Inset: the results from wild
type CCR5 and negative control wells are shown.

Figure 2. Critical amino acid residues involved in the interaction
with a chemokine ligand were
mapped on a three-dimensional
model of CCR5. Those residues
that are localized to the extracellular or transmembrane domains are
likely involved in ligand binding or
receptor conformation changes.
Those in the intracellular domain
are likely involved in receptor
signaling.
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tion platforms. Expression of arrayed mutant libraries can
be faithfully reproduced, permitting multiple receptor
assays to be performed using the same library. Using
Shotgun Mutagenesis, the structure of an entire receptor
can be rapidly mapped, within days or weeks, for ligand
binding, activation, and signaling elements.

Technical Description

Shotgun Mutagenesis was used to identify the amino
acids of CCR5 that are critical for its response to
cognate chemokine ligands. A library of CCR5 mutants
with individual point mutations at every amino acid position along the CCR5 protein was generated and
expressed in living cells in high-throughput format. Cells
were loaded with a Ca2+-responsive fluorescent dye, and
the response of each mutant to exposure to chemokines
was monitored by measuring fluorescence in real-time.
Amino acids that are critical to CCR5 function were indicated by loss of signaling in receptors with mutations at
those positions (Figure 1). By mapping critical amino
acids on a three-dimensional model of CCR5, it was
possible to localize them to different receptor domains
(Figure 2). Critical amino acids in the extracellular or
transmembrane domains are likely to be involved in
ligand binding or conformational activation. Those that
are located in the intracellular domain are likely to be
involved in receptor signaling functions, such as the
‘DRY’-box motif. Using this approach, we were able to
map the structure-activity relationships between CCR5
and several chemokine ligands. Additional assays, such
as radiolabeled ligand binding which can differentiate
residues involved in ligand binding from those involved in
signaling, can be performed using the same arrays
tested here.
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