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A large and poorly understood class of G protein-coupled
receptors (GPCRs) are involved in cell adhesion and con-
tain an autoproteolytic site known as the GPCR proteolysis
site (GPS) located immediately N-terminal to the first
transmembrane span. This motif of ~50 amino acids is
also found juxtaposed to the first transmembrane span of
an unrelated family of proteins associated with polycystic
kidney disease (PKD), but its structural and functional
roles were not clear. In this issue of The EMBO Journal,
Arac et al use X-ray crystallography to show that the GPS
motif is merely the C-terminal end of a much larger GPCR
autoproteolysis inducing (GAIN) domain. Atomic models
for two of these ancient domains allow one to map the sites
of mutations associated with cancer or PKD, and hint at
functional roles other than autoproteolysis.

Autoproteolysis occurs in a wide variety of proteins where
it typically leads to an essential structural reorganization or
the release of an activated fragment. One such autoproteoly-
tic site, called the GPS motif, is found in cell-adhesion GPCRs
(Ichtchenko et al, 1999). Like other GPCRs, cell-adhesion
GPCRs contain a heptahelical transmembrane domain that is
expected to couple with heterotrimeric G proteins inside the
cell. However, they also have unusually complex and diverse
extracellular regions that contain domains homologous to
those typically involved in cell adhesion (Yona et al, 2008).

The extracellular regions of cell-adhesion GPCRs all con-
tain a conserved stalk region that ends in the GPS motif,
which is cleaved in the endoplasmic reticulum just after
protein synthesis. Ara¢ et al (2012) crystallized the stalk
region (~320 amino acids) along with the preceding
HormR domain (~70 amino acids) of two different cell-
adhesion GPCRs: latrophilin (also called CIRL1 or CL1) and
brain angiogenesis inhibitor 3 (BAI3). The resulting struc-
tures demonstrate that the stalk and GPS motif together form
a large domain with a-helical and B-sandwich subdomains
(Figure 1). The site of autoproteolysis, defined by the con-
sensus sequence HL | (T/S), occurs in a tight turn between
the last two B strands of the domain. Because the entire
domain was required for autoproteolysis, the authors
renamed the stalk and GPS motif the GAIN domain.
Sequence analysis supports the existence of a similar domain
in all cell-adhesion GPCRs and homologues of polycystic
kidney disease 1 (PKD1 or polycystin-1).
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Figure 1 The conserved structural core of the extracellular regions
of cell-adhesion GPCRs, as revealed by new structures of latrophilin
and BAI3. Arac et al revealed that regions formerly known as the
stalk and the GPCR autoproteolyic site (GPS) fold into a single GAIN
domain that is conserved in all 33 mammalian cell-adhesion GPCRs
and in proteins related to PKD1. The GAIN domain catalyses its own
proteolysis in a tight turn between the last two strands of the
domain. The a-helical subdomain of the GAIN domains of latrophi-
lin and BAI3 interacts with a HormR domain, although this domain
is not found in all cell-adhesion GPCRs. However, this interdomain
contact, and/or a direct interaction with the transmembrane helical
bundle, may allow the GAIN domain to autoinhibit transmembrane
signalling to heterotrimeric G proteins or other factors inside
the cell.
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For reasons that are not clear, the latrophilin GAIN domain
used in this study was cleaved, whereas that of BAI3 was not.
However, this allowed Arag et al to compare structures of
wild-type GAIN domains before and after autoproteolysis.
Before cleavage, the scissile bond exists in a strained con-
formation, and the position of adjacent catalytic residues is
consistent with an Ntn hydrolase mechanism (Brannigan
et al, 1995; Lin et al, 2004). After cleavage, the cleaved
fragment (the B13 strand) appears firmly anchored within
the GAIN domain by extensive backbone hydrogen bonds
and hydrophobic interactions.

But what is the functional role of autoproteolysis? Early
work suggested that it may be required for efficient mem-
brane transport because mutation of residues in the GPS
motif were known to impair proper membrane trafficking
(Krasnoperov et al, 2002). However, other studies, including
that of Arag et al, have shown that this is not always the case
(Qian et al, 2002). More likely, mutations in the core of the
GAIN domain lead to protein folding defects, which would in
turn impair trafficking (Lin et al, 2004). Autoproteolysis may
therefore represent a mechanism by which the GAIN domain
is locked into its functional and presumably more stable state
after proper folding occurs. For this reason, it would be
interesting to determine the relative thermostability of a
GAIN domain before and after cleavage. Still, there remains
evidence that GAIN domain autocleavage has functional
consequences. Mice that express non-cleavable PKD1 exhibit
abnormal kidney development (Yu et al, 2007). Comparison
of the latrophilin and BAI3 GAIN domain structures also
reveals a subtle conformational change in the P13 strand
after cleavage that could, in principle, impact the ability of
the domain to interact with other signalling domains. Finally,
it has been reported that the cleaved extracellular region of
latrophilin is dissociable from its transmembrane domain,
and that ligand-induced reassociation may play a role in
signalling (Silva and Ushkaryov, 2010).
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The GAIN domains of latrophilin and BAI homologues are
mutated in human cancer, whereas the PKD1 GAIN domain is
frequently mutated in autosomal dominant PKD (ADPKD).
Most of the cancer-associated mutations map to the surface of
the GAIN domain and did not affect autoproteolysis, implying
that they disrupt the intermolecular contacts of the domain.
In support of this idea, the authors showed that the latrophi-
lin GAIN domain is the binding site for the black widow toxin
a-latrotoxin. In contrast, most of the ADPKD mutations in the
PKD1 GAIN domain interfered with autoproteolysis and/or
protein folding, hinting at a different role for the domain in
PKD1-related proteins. Furthermore, the GAIN domains of
latrophilin and BAI3 interact with the preceding HormR
domain in a manner that would block the interaction of
homologous HormR domains with hormones. The GAIN
domain may therefore serve to autoinhibit signalling activity,
either by blocking the interactions of other extracellular
domains or, in the case of cell-adhesion GPCRs, by modulat-
ing the activity of the adjacent seven transmembrane bundle
(Figure 1). Indeed, truncation of the N-terminus of GPR56,
including the bulk of the GAIN domain, leads to constitutive
activation (Paavola et al, 2011). Thus, the structural stage is
now set for studies aimed at understanding the molecular
basis for signal transduction through cell-adhesion GPCRs
and PKD1 proteins, and how defects in these proteins lead to
disease.
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