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B Abstract The GoLoco motif is a 19-amino-acid sequence with guanine nucle-
otide dissociation inhibitor activity against G-alpha subunits of the adenylyl-cyclase-
inhibitory subclass. The GoLoco motif is present as an independent element within
multidomain signaling regulators, such as Loco, RGS12, RGS14, and Rap1GAP, as
well as in tandem arrays in proteins, such as AGS3, G18, LGN, Pcp-2/L7, and Partner
of Inscuteable (Pins/Rapsynoid). Here we discuss the biochemical mechanisms of
GoLoco motif action on G-alpha subunits in light of the recent crystal structure of
G-alpha-il bound to the RGS14 GoLoco motif. Currently, there is sparse evidence for
GoLoco motif regulation of canonical G-protein—coupled receptor signaling. Rather,
studies of asymmetric cell division in Drosophila and Caenorhabditis elegans, as
well as mammalian mitosis, implicate GoLoco proteins, such as Pins, GPR-1/GPR-2,
LGN, and RGS14, in mitotic spindle organization and force generation. We discuss
potential mechanisms by which GoLoco/Ga complexes might modulate spindle

dynamics.
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INTRODUCTION

Signal transduction via heterotrimeric G-protein—coupled receptors (GPCRs)
typically evokes a switch in the status of the G-protein alpha subunit (Ga), the
guanine nucleotide-binding component of the Goaf+y heterotrimer. Although
normally tightly bound to its GBvy partner when in the inactive, guanosine
diphosphate (GDP)-bound state, Ga is converted to its active, guanosine triphos-
phate (GTP)-bound form via the guanine nucleotide exchange factor (GEF)
activity of ligand-occupied GPCRs. GTP-bound Ga dissociates from G+, and
thus both moieties become free to modulate the actions of a multitude of
intracellular “effector” enzymes and ion channels (1, 2). Intrinsic guanosine
triphosphate phosphohydrolase (GTPase) activity of Ga reverts the subunit back
to the GDP-containing, GBy-complexed form. The return of Ge to its ground
state is dramatically hastened by “regulator of G-protein signaling” (RGS)
proteins that serve as selective GTPase-accelerating proteins (GAPs) for various
Ga subtypes (3, 4).

A common feature of RGS proteins is their possession of additional protein-
protein interaction domains beyond their signature “RGS box” that exerts
Ga-directed GAP activity (5, 6). In the original cloning of loco, the Drosophila
melanogaster orthologue of Rgsl2, Granderath, Klimbt, and colleagues identi-
fied a second, distinct interaction site for Ga subunits (region D) C-terminal to
the RGS box of the encoded protein (7). Bioinformatic analyses of the region-D
sequences from Loco and RGS12 led to our realization (8) that several other
proteins, each previously identified as binding alpha subunits of the adenylyl-
cyclase-inhibitory or Gi subclass (Goy; 3, Ga,, Ga,), all harbored a highly
conserved 19-amino acid polypeptide. Ponting (9) came to the same conclusion
independently. We named this conserved polypeptide the GoLoco motif as an
acronym for the Gy, -Loco interaction (8). Several groups have since shown that
binding of a Ga*GDP subunit to the GoLoco motif slows spontaneous nucleotide
release (10—13). Hence, GoLoco motif-containing proteins are considered gua-
nine nucleotide dissociation inhibitors (GDIs) for Gi-subclass alpha subunits.

Contemporaneously with the in silico discovery of the GoLoco motif, Cis-
mowski, Lanier, and colleagues (14) identified three rat brain cDNAs in a
yeast-based screen for receptor-independent activators of the GBy-dependent
pheromone signaling pathway. The third member of this disparate set of activator
of G-protein signaling proteins (AGS3) was found to sequester GDP-bound Ge;,
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Figure 1 The Gq;,-Loco interaction or GoLoco motif is found singly, or in tandem
arrays, in a number of different proteins. Domain abbreviations are PDZ, PSD-95/Discs
large/Z0O-1 homology domain; PTB, phosphotyrosine-binding domain; RGS, regulator of
G-protein signaling box; RBD, Ras-binding domain; and RapGAP, Rap-specific GTPase-
activating protein domain. Asterisk denotes N-terminal variation in GoLoco motif sequence
between isoforms I and II of Rapl1GAP.

in yeast, resulting in pheromone- and receptor-independent activation of Gfy-
dependent responses (15). Lanier and colleagues (15) coined an alternate acronym,
GPR for G-protein regulatory, to describe the highly conserved GarGDP-binding site
found repeated four times within the C terminus of AGS3. However, the term GPR
is already employed in the G-protein signaling field as one naming convention for
orphan GPCRs (16). We will use the designation GoLoco for the rest of this review.
[In the primary literature, the motif has never been called Loco homology domain
contrary to use of that terminology in a recent review in this series (17)].

The GoLoco motif has now been identified in several distinct classes of
proteins encoded in metazoan genomes (Figure 1), including: modulators of
heterotrimeric and Ras family G-protein signaling (RGS12, RGS14, Rap1GAP),
several variations on the tetratricopeptide repeat (TPR), multi-GoLoco architec-
ture of AGS3 (LGN, Pins, GPR-1/-2), and two short polypeptides with multiple
GoLoco motifs (G18, Pcp-2/L7). The GoLoco motif was first discovered in the
context of plasma membrane-delimited GPCR signaling, and its ability to bind
GorGDP to the exclusion of Gy is proving a useful tool in examining
receptor/G-protein/effector coupling. However, a central role has recently
emerged for GoLoco motif-containing proteins in otherwise unexpected arenas,
the control of mitotic spindle force generation and the act of cell division (18).

STRUCTURE AND FUNCTION OF THE GoLoco MOTIF

An alignment of all currently known GoLoco motifs is presented in Figure 2. The
entire motif was predicted to fold as an amphipathic a-helix (10, 15). However,
in the structure of the RGS14 GoLoco motif (aa 496-531) bound to Ge;,"GDP











































































