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emodeling of synapses is a
undamental mechanism for infor-
mation storage and processing in the
brain. Previous studies showed that the
endosomal pathway plays a central role
in synapse formation and plasticity.
A popular model holds that recycling
endosomes in dendrites provide the local
intracellular pool of postsynaptic recep-
tors for long-term potentiation (LTP), a
widely studied cellular model for learn-
ing and memory formation. However,
we are far from a complete understand-
ing how endocytic receptor sorting and
recycling is organized and coordinated
in dendrites. Especially, the molecular
mechanisms that couple specific endo-
somal trafficking routes during LTP are
poorly understood. In a recent paper we
discovered that the coiled-coil protein
GRIP-associated protein-1 (GRASP-1)
is a neuron-specific effector of the small
GTPase Rab4 and key component of
AMPA receptor recycling machinery
in dendrites.! GRASP-1 is essential for
maintenance of spine morphology and
important for LTP. GRASP-1 connects
Rab4 and Rabll recycling endosomal
domains through the interaction with
target (t)-SNARE syntaxin 13, which
constitutes a new principle for regu-
lating endosomal recycling. Here, we
summarize our recently reported obser-
vations and further discuss their possible
implications.
The molecular and cellular mecha-
nisms that govern neuronal development
and plasticity are highly complex, with
many basic cellular pathways uniquely
adapted to perform information process-
ing. This is particularly evident in the
neuronal trafficking machinery, where
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highly specialized mechanisms exist for
localizing, maintaining and removing
lipid and membrane proteins at the syn-
apse (Fig. 1A). The importance of these
processes for synaptic function has been
well documented for AMPA-type gluta-
mate receptors (AMPAR) that represent
the major excitatory neurotransmitter
receptors. Redistribution of AMPAR in
and out of the synapse has emerged as
an important mechanism for synaptic
plasticity and information storage in the
brain.*? Increased delivery of AMPARs
to the postsynaptic membrane leads to
LTP, while net removal of AMPARs by
internalization from the surface seems to
underlie long-term depression (LTD).!
Recent studies have suggested that dys-
regulation in AMPA receptor trafficking
may underlie neurological diseases such as
Alzheimer’s disease and schizophrenia.>
Understanding the basic mechanisms that
regulate AMPAR trafficking is thus of
clinical significance.

A variety of highly conserved and ubig-
uitously expressed molecules including
Rab GTPases Rab4, Rab5, Rab11,° molec-
ular motors,”” and motor-adaptor/synap-
tic scaffolding proteins'®'! are directly
responsible for AMPA receptor traffick-
ing and delivery. The Rabs act as binary
switches that in their active form recruit/
stabilize downstream effector networks
and thereby function as organizers of
discrete membrane microdomains. Rab5
controls transport to sorting endosomes,'
whereas Rab4,” and Rabll,* regulate
endosomal recycling back to the plasma
membrane (Fig. 1B). The communica-
tion and transport between sequentially
organized Rab domains is thought to be
mediated by proteins that are ‘shared” by
both domains. Bivalent effectors, such
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Figure 1. Synaptic receptor trafficking pathways in neuronal dendrites. (A) Schematic representa-
tion of the secretory and endosomal trafficking pathway of postsynaptic receptors. Glutamate
receptor subunits are assembled in the endoplasmic reticulcum (ER) and are transported via the
Golgi apparatus to the synaptic plasma membrane. The interaction between receptor and motor
proteins often occurs through motor adaptor/synaptic scaffolding proteins. (B) Model for the
endosomal membrane trafficking machinery in dendrites. The internalization of AMPA receptors
into endocytic vesicles is mediated by clathrin acting on the lateral membrane within the spine.
Rab5 controls transport to early endosomes (also called sorting endosomes) whereas Rab4 and
Rab11 are involved in the regulation of endosomal recycling back to the plasma membrane. Re-
entry of internalized AMPAR into the Rab4-Rab11 endosomal recycling route requires GRASP-1.

as Rabenosyn-5 can connect proximal
Rab5 and distal Rab4 domains on early
endosomes,” while the Mon1-Cczl com-
plex through association with Rab5 and
Rab7 can assist in the convergence of the
Rab5 domain into a late endocytic Rab7
domain.'® However, how recycling endo-
somal domains are coupled is not well
understood. We recentlyisolated GRASP-1
as a neuron-specific Rab4 effector that is
present on recycling endosomes and can
connect Rab4 and Rabll domains in a
novel manner.! This link between the two
recycling endosomal domains is impor-
tant for normal synaptic function, since
knock-down of GRASP-1 interferes with
AMPAR recycling, synaptic plasticity and
maintenance of spine morphology.
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GRASP-1 was previously identified
as a direct binding partner of glutamate
receptor interacting protein 1 (GRIPI)
and thought to be a guanine nucle-
otide exchange factor (GEF) for h-Ras.”
Surprisingly, re-evaluation of the guanine
nucleotide exchange activity showed no
evidence for a role of GRASP-1 as GEF
in vitro and in vivo.! Instead, our new
data show that GRASP-1 together with
Rab4 and the -SNARE syntaxin 13 (also
known as syntaxin 12) is associated with
tubulovesicular recycling endosomes in
neurons. GRASP-1 not only colocal-
izes with these proteins, but also directly
binds to Rab4 and syntaxin 13 at the
same time.! The N-terminus of GRASP-1
interacts with Rab4 while the C-terminus
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binds to syntaxin 13. Because syntaxin
13 is known is associate with the Rabll
domain, we propose that the GRASPI-
syntaxin 13 complex forms a molecular
‘bridge’ between the Rab4 and Rabll
domains on recycling endosomes. Most
likely one of the Rabl1 effector molecules
is engaged in interactions with either syn-
taxin 13 or GRASP-1 on the recycling
endosomal membrane. The precise mech-
anistic aspects and dynamic properties
of such an endosomal recycling “bridge”
need to be worked out further.

Another aspect of the GRASP-1 com-
plex concerns the state of syntaxin 13.
Since endosomal SNARE proteins can be
recycled through the plasma membrane
for re-utilization,” it is likely that syn-
taxin 13 itself might be present as cargo
in endosomal membranes with Rab4 on
their cytoplasmic leaflet. Together they
could act as a coincidence detector on
recycling endosomal membranes,' since
neither syntaxin 13 nor Rab4 alone is
sufficient to localize GRASP-1 on endo-
somes. An alternative scenario features the
idea that GRASP-1 targets the syntaxin
13 molecules that are present within the
endosomal SNARE complex. In initial
interaction assays with GRASP-1 and rat
brain extracts, we co-isolated syntaxin 13
and specific vesicle (v)-SNAREs (unpub-
lished observations). Given that the solu-
ble NSF attachment protein (SNAP) was
also present in the bound fraction, it seems
likely that GRASP-1 interacts with the cis
form of this SNARE complex on the same
endosomal membrane domain. It is possi-
ble therefore that GRASP-1 might serve as
an important contributor in the transition
of a cis- to trans-SNARE complex that is
required for membrane fusion during the
maturation of recycling endosomes.

Since  GRASP-1
synaptic plasticity and dendritic spine

is important for

remodeling, we anticipate that its func-
tion on recycling endosomes is controlled
by neuronal activity. Indeed activation
of NMDA receptors dramatically affects
the somatodendritic distribution  of
GRASP-1."7 Although GRASP-1 expres-
sion remains constant under these condi-
tions, it is nearly quantitately translocated
into the
cytoplasm  (unpublished observations).

from endosomal membranes

Importantly, the altered localization of
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GRASP-1 correlates with a shift in AMPA
receptor localization from early and recy-
cling endosomal organelles to degradative
compartments of the endo-lysosomal sys-
tem. A second, less well understood sig-
naling pathway could irreversibly affect
GRASP-1 distribution and function in
neurons. GRASP-1 contains a C-terminal
consensus sequence for caspase-3 cleav-
age.” In experimental models for apopto-
sis in vivo and in cultured neurons it was
found that GRASP-1 was cleaved during
development and ischemia.” Cleavage
removes the physical connection between
Rab4 and syntaxin 13 binding regions,
as a consequence of which the N- and
C-terminal GRASP-1 pieces relocate into
the cytoplasm. It is not known whether
the two fragments that are generated have
functions unrelated to a role in regulating
traffic through the recycling endosome
system in neurons. However, this does
seem less likely for the short C-termininal
fragment, which is not stable and rapidly
degraded over time.

The continuously improving biochem-
ical and imaging techniques will greatly
facilitate the discovery of new neuron spe-
cific factors controlling the structural and
functional plasticity of synapses. It will be
rewarding in future research to work out
the molecular principles integrating the
specific mechanisms involving such pro-
teins as GRASP-1,! GRIP1,'“" NEEP21,%
and PICK-1,” in AMPAR trafficking,
with the highly conserved and general
components regulating the core endo-
cytic pathways. We anticipate that this
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application of basic cell biological meth-
ods to approach neuronal function will
generate many new ideas and insights in
the fascinating processes underlying syn-
aptic plasticity mechanisms.
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