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2014 the first 7TM domain structures for two class C/Glutamate
family GPCRs were reported (Dore et al., 2014; Wu et al., 2014). We
do not yet have a high-resolution crystal structure of a GPCR-β-
arrestin complex, but we are beginning to understand the archi-
tecture of this complex as revealed at low resolution by electron
microscopy (Shukla et al., 2014).

The explosion of GPCR crystal structures was enabled by sev-
eral technological breakthroughs that made possible the crystal-
lization of these dynamic integral membrane proteins that were
once thought “uncrystallizable”. Most of the structures utilized
recombinant protein expressed in insect cells and codon optimi-
zation technology enabled increased expression levels. Develop-
ment of novel detergents (Rasmussen et al., 2011b), lipid cubic
phase crystallization (Cherezov, 2011), and X-ray microdiffraction
beamlines (Riekel et al., 2005) all contributed to making GPCR
crystallography a reality. Perhaps the most important was the
development of methods to stabilize the receptors for crystal-
lization including the use of fusion protein approaches such as T4

lysozyme insertion into loops to facilitate crystal packing com-
bined with lipid cubic phase crystallization (Cherezov et al., 2007;
Rosenbaum et al., 2007) and the generation of thermostabilized
receptors by mutagenesis (Tate, 2012). A recent twist on the
thermostabilization approach utilizing elegant directed evolution
methods in E. coli (Scott and Pluckthun, 2013) resulted in the first
crystal structure of a GPCR utilizing recombinant protein produced
in E. coli (Egloff et al., 2014), a feat once thought impossible. Most
GPCR structures are inactive antagonist- or inverse agonist-bound
states. Crystallizing active state GPCRs is still a challenge, but this
obstacle has been overcome by using nanobodies to stabilize the
active state by mimicking G proteins (Kruse et al., 2013; Rasmus-
sen et al., 2011a).

2. Class A GPCR structure and ligand binding

Class A/Rhodopsin family GPCRs make up the vast majority of

Fig. 1. Structures of representative class A GPCRs and positions of orthosteric ligand binding pockets. (A) Structure of the β2-adrenergic receptor with a bound inverse agonist
carazolol (PDB: 2RH1). (B) The β2-adrenergic receptor with bound carazolol viewed from the extracellular side. (C) Structure of the sphingosine-1-phosphate receptor with a
bound antagonist lipid-mimic ML056 (PDB: 3V2Y). (D) Structure of the NTSR1 neurotensin receptor with a bound agonist peptide neurotensin8-13 (PDB: 4GRV). In all panels
the receptor is color coded from N- to C-termini and the ligand is shown in stick representation and space-filling spheres. Extracellular (ECL) and intracellular (ICL) loops and
the seven transmembrane helices are labeled. Disulfide bonds, palmitoylation at the C-terminus, and glycans at the N-terminus are also shown in stick representation. All
figures were prepared with PyMol (Schrodinger).
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