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Background: Agonist activation slows diffusion of the A2A receptor in the lipid bilayer.
Results: In hippocampal neurons, the agonist-induced decrease inmobilitywas accounted for by both the hydrophobic receptor
core and its extended C terminus, which recruited SAP102.
Conclusion: The observations are consistent with two diffusion states of the A2A receptor in neurons.
Significance: SAP102 regulates access of the A2A receptor to a compartment with restricted mobility.

The A2A receptor is a class A/rhodopsin-like G protein-cou-
pled receptor. Coupling to its cognate protein, Gs, occurs via
restricted collision coupling and is contingent on the presence
of cholesterol. Agonist activation slows diffusion of the A2A
adenosine receptor in the lipid bilayer. We explored the contri-
bution of the hydrophobic core and of the extended C terminus
by examining diffusion of quantum dot-labeled receptor vari-
ants in dissociated hippocampal neurons. Single particle track-
ing of the A2A receptor(1–311), which lacks the last 101 resi-
dues, revealed that agonist-induced confinement was abolished
and that the agonist-induced decrease in diffusivitywas reduced
substantially. A fragment comprising the SH3 domain and the
guanylate kinase domain of synapse-associated protein 102
(SAP102) was identified as a candidate interactor that bound to
the A2A receptor C terminus. Complex formation between the
A2A receptor and SAP102 was verified by coimmunoprecipita-
tion andby tracking its impact on receptordiffusion.Ananalysis
of all trajectories by a hiddenMarkovmodel was consistent with
two diffusion states where agonist activation reduced the tran-
sition between the two states and, thus, promoted the accumu-
lation of the A2A receptor in the compartment with slowmobil-
ity. Overexpression of SAP102 precluded the access of the A2A
receptor to a compartment with restrictedmobility. In contrast,
amutatedA2A receptor (with 383DVELL387 replaced byRVRAA)
was insensitive to the action of SAP102. These observations
show that the hydrophobic core per se does not fully account for
the agonist-promoted change in mobility of the A2A receptor.
The extended carboxyl terminus allows for regulatory input by
scaffolding molecules such as SAP102.

Adenosine is the metabolite of last resort. Cell damage and
hypoxia lead to its extracellular accumulation. As a conse-
quence, four G protein-coupled receptors (termed A1, A2A,
A2B, and A3) are activated. The combined action of these four
receptors is to orchestrate short- and long-term responses that
further mitigate cell damage and activate tissue repair (1). This
retaliatory metabolite concept can be exemplified by consider-
ing the role of the Gs-coupled A2A receptor in the vasculature,
where short-term activation leads to vasodilation and increased
blood supply, and long-term activation causes endothelial cell
proliferation (2). In addition, adenosine is formed by the
sequential action of ectonucleotidases from ATP that is stored
in and released from synaptic vesicles (3). Thus, in the nervous
system, adenosine acts as a neuromodulator. In the indirect
pathway of the basal ganglia, for instance, volume transmission
by adenosine engages striatal A2A receptors and determines the
set point for wired transmission (4). Accordingly, genetic dele-
tion of A2A receptors in the brain has complex phenotypic con-
sequences, depending on whether the receptor is deleted glob-
ally or eliminated from specific regions (5). The psychomotor
stimulant action of cocaine, for instance, is enhanced by abla-
tion of the A2A receptor in the striatopallidal projection neu-
rons but blunted by elimination in the forebrain (6).
The A2A adenosine receptor has several unique properties

when compared with its closest relatives (i.e. the other adeno-
sine receptors) and to the entire class of class A/rhodopsin-like
GPCRs3 (7). Its C terminus is very long (122 amino acids) and,
thus, provides docking sites for interacting proteins (8). It lacks
the canonical palmitoylated cysteine residue, which is thought
to anchor helix 8 in the membrane (9). It undergoes restricted
collision coupling with its cognate G protein, Gs (10). The A2A

* This work was supported by Austrian Science Fund/FWF Grants P20012 and
PIRG-GA-2008-230970 and by European Union Seventh Framework Pro-
gramme Grant FP7/2007-2013).
Author’s Choice—Final version full access.

1 Supported by a Doc-Forte stipend of the Austrian Academy of Sciences.
2 To whom correspondence should be addressed: Institute of Pharmacology,

Center of Physiology and Pharmacology, Medical University of Vienna,
Währinger Str. 13a, 1090 Vienna, Austria. Tel.: 43-1-40160-31371; Fax: 43-1-
40160-931300; E-mail: michael.freissmuth@meduniwien.ac.at.

3 The abbreviations used are: GPCR, G protein-coupled receptor; MBP, malt-
ose-binding protein; CGS21680, 3-[4-[2-[6-amino-9-[(2R,3R,4S,5S)-5-(ethy-
carbamoyl)3,4-dihydroxy-oxolan-2-yl]amino]ethyl]phenyl]propanoic
acid; MSD, mean square displacement; GUK, guanylate kinase; CFP, cyan
fluorescent protein.

THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL. 289, NO. 13, pp. 9263–9274, March 28, 2014
Author’s Choice © 2014 by The American Society for Biochemistry and Molecular Biology, Inc. Published in the U.S.A.

MARCH 28, 2014 • VOLUME 289 • NUMBER 13 JOURNAL OF BIOLOGICAL CHEMISTRY 9263


