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G-coupled protein receptors: G protein-coupled receptors (GPCRs) are the major drug target 
for medicines on the market today. Much effort has therefore been devoted to the elucidation of 
three-dimensional structures of this large family of membrane proteins, which are formed from 
seven transmembrane domains connected by intra- and extracellular loops. After many years of 
effort, the structures of several GPCRs (e.g. rhodopsin, 2AR, 1AR and A2AR) have been solved 
recently. These outstanding technical achievements required the production of large amounts of 
protein and the application of various experimental devices to produce crystals.  Some of the 
experimental approaches to do this are discussed in this paper.  
 
Question. What made structural studies of the GPCR family possible? 
 

Answer: High-level expression of protein (e.g. in insect Sf9 cells) was a key step in producing 
large amounts of functional receptor. Additional procedures, including protein engineering and 
crystallization ‘tricks’, were used to produce well-ordered crystals that diffracted to high 
resolution. Prior biophysical studies had indicated that the third intracellular loop and the C 
terminus of the 2AR were the most flexible regions. The flexible C terminus of the 2AR was 
truncated and an antibody fragment (Fab) was generated against a region of the third 
intracellular loop. Co-crystallization of membrane proteins with an antibody fragment, first 
used successfully in the structure determination of cytochrome c oxidase, has been used for 
several other membrane proteins. The second approach used to reduce the flexibility of parts of 
the receptor and to increase its polar surface area was to replace the third intracellular loop 
with T4 lysozyme, a highly crystallizable soluble protein. In addition to these tricks using 
protein engineering and antibodies, other developments in membrane protein crystallization 
techniques were also important. Rather than using simple detergents, the 2AR was crystallized 
in DMPC/CHAPSO bicelles or monolein lipidic cubic phase with cholesterol as an additive. These 
different lipid-like systems present a more native environment to the protein; they have also 
been reported to yield well-diffracting crystals for other membrane proteins such as 
bacteriorhodopsin and the photosynthetic reaction center.  Because the crystals of the 2AR 
were small and very radiation-sensitive, microfocused synchrotron beam lines were used for 
both crystal screening and data collection (Chapter 4.3 in book). 
 

Ligand affinity purification (Chapter 3.3 in book) was also important in this GPCR work. To have 
a well-defined functioning protein is important and any sample heterogeneity hampers the 
formation of well-ordered crystals. Receptors produced in a recombinant expression system are 
therefore often purified using affinity tags, genetically fused to the protein to increase 
homogeneity. Although such purification schemes result in reasonably pure receptors, as judged 
by gel analysis, a mixture of both functional and nonfunctional (i.e. denatured) receptor 
populations often exists, which substantially decreases the chances of crystallization. An 
alprenolol (a -adrenergic antagonist) affinity column was developed for the 2AR receptor and 
this gave samples with almost 100% specific ligand binding activity and, thus, a very 
homogenous receptor preparation.  The receptor ligand, carazolol, which has exceptionally high 
affinity and very slow dissociation kinetics, was also used to stabilize the receptor. 
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