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Interaction between the SNARE complex and transmembrane
AMPA receptor regulatory protein γ-8 in the rat hippocampus

Makoto Itakura, Tsukiko Sugaya, Masami Takahashi

Department of Biochemistry, Kitasato University School of Medicine

Objective: Transmembrane AMPA receptor regulatory proteins (TARPs) interact with AMPA receptors
and modulate both their trafficking and ion channel properties.  The purpose of this study was to
identify proteins involved in AMPA receptor trafficking by screening for proteins associated with
TARP γ-8.
Methods: Rat hippocampal P2 lysates were subjected to immunoprecipitation with an anti-γ-8 antibody,
followed by mass spectrometry and immunoblot analysis.  Interactions between γ-8 and soluble NSF
attachment protein receptor (SNARE) proteins were confirmed by co-immunoprecipitation analysis.
Results: Two anti-γ-8 antibodies against synthetic peptides corresponding to amino acids 70-84 and
358-372 co-immunoprecipitated the SNARE protein complex, which included syntaxin-1, SNAP-25,
and VAMP-2, from hippocampal P2 lysates.  TARP γ-8 interacted with syntaxin-1, but not SNAP-25
and VAMP-2, and other TARP family members also co-immunoprecipitated with syntaxin-1.  TARP
γ-8 co-localized extensively with syntaxin-1 in transfected COS-7 cells.
Conclusion: Our results suggest that γ-8 interacts with syntaxin-1.  The interaction between TARPs
and syntaxin-1 may have important implications for the assembly and localization of TARP/AMPA
receptor complexes.
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Abbreviations: AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate; DMEM, Dulbecco's
modified Eagle's medium; HA, hemagglutinin; NMDA, N-methyl-D-aspartate; NSF,
N-ethylmaleimide sensitive factor; PCR, polymerase chain reaction; PICK1, protein
interacting with C-kinase 1; PAGE, polyacrylamide gel electrophoresis; PBS,
phosphate buffered saline; SDS, sodium dodecyl sulfate; SNARE, soluble NSF
attachment protein receptor; TARP, transmembrane AMPA receptor regulatory
protein; TBST, tris buffered saline tween; VAMP, vesicle-associated membrane
protein

Introduction

lutamate is the main excitatory neurotransmitter in
the central nervous system, and its effects are

mediated via the activation of ionotropic and metabotropic
glutamate receptors.1-4  Ionotropic glutamate receptors
include N-methyl-D-aspartate (NMDA), α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionate (AMPA), and
kainate receptors.  Metabotropic glutamate receptors are
G-protein-coupled receptors that regulate intracellular
second messenger systems.  Synaptic strength is regulated
by changes in the function and number of postsynaptic

glutamate receptors.  Membrane fusion events rely on
the formation of the soluble N-ethylmaleimide sensitive
factor (NSF) attachment protein receptor (SNARE)
complex, which consists of syntaxins, SNAP-25/23, and
vesicle-associated membrane proteins (VAMP), and are
further regulated by proteins forming the exocytotic
complex.5-8  Many studies have demonstrated a role for
SNARE proteins in the trafficking of glutamate
receptors.9-12  For example, SNAP-25 and SNAP-23 are
important for the cell surface expression of NMDA
receptors.12-14  Furthermore, proteins that form the
exocytotic machinery, including SNARE proteins,

Received 7 January 2014, accepted 10 January 2014
Correspondence to: Makoto Itakura, Department of Biochemistry, Kitasato University School of Medicine
1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0374, Japan
E-mail: mitakura@med.kitasato-u.ac.jp

G



168

Itakura, et al.

associate directly or indirectly with glutamate receptors.
The kainate receptor GluK5 interacts directly with SNAP-
25,15 and the metabotropic glutamate receptor mGluR4
also interacts with numerous proteins involved in exocytosis,
including Munc18-1, synapsin, and syntaxin-1.16

Transmembrane AMPA receptor regulatory proteins
(TARPs) interact with AMPA receptors and modulate
both their trafficking and ion channel properties.17-19  Six
members of the TARP family (stargazin/γ-2, γ-3, γ-4,
γ-5, γ-7, and γ-8) are four transmembrane proteins
with weak homology to the gamma subunit of muscle
voltage-dependent calcium channels.  Of the TARP
family members, γ-8 is preferentially expressed in the
hippocampus and localizes to synaptic and extrasynaptic
plasma membranes in hippocampal neurons.20-22  Knock-
out mice lacking γ-8 have reduced AMPA receptor
expression in the hippocampus, displacement of
remaining receptors from dendrites to the cell body, and
reduced long-term potentiation in hippocampal CA1
synapses.23  These findings highlight  γ-8 as an important
TARP that regulates trafficking and gating of AMPA
receptors in the hippocampus.  In the present study, we
demonstrate that γ-8 interacts with syntaxin-1 in the rat
hippocampus.  The interaction of  γ-8 with syntaxin-1
may have important implications for the assembly and
localization of TARP/AMPA receptor complexes.
　

Materials and Methods

Antibodies
Rabbit and guinea pig anti-γ-8 polyclonal antibodies,
the rabbit anti-γ-2 polyclonal antibody, the rabbit anti-
GluA1 polyclonal antibody, the mouse anti-GluA2
monoclonal antibody, the rabbit anti-VAMP-2 polyclonal
antibody, the mouse anti-SNAP-25 monoclonal antibody,
and the mouse anti-syntaxin-1 monoclonal antibody have
been described previously.21,24,25  Affinity-purified rabbit
polyclonal antibodies were raised against synthetic
peptides with the following sequence: anti-γ-3,
(C)RDHAFLQFHNSTPKE. Affinity-purified rabbit and
guinea pig polyclonal antibodies were raised against
synthetic peptides with the following sequences: anti-γ-
4 ,  ( C ) L K E G F H V S M L N R R T ;  a n t i -γ- 5 ,
( C ) S S D A S L Q M N S N Y P A L ;  a n d  a n t i -γ- 7 ,
(C)PAIKYPDHLHISTSP.  The mouse anti-N-cadherin
antibody was purchased from BD Biosciences (610920;
BD Biosciences, San Jose, CA, USA) and the rabbit anti-
syntaxin-1 antibody was purchased from Alomone Labs
(Jerusalem, Israel).

Animal experiments
All animal experiments complied with the National
Institutes of Health guidelines.  The study protocol was
approved by the Animal Experimentation and Ethics
Committee of the Kitasato University School of Medicine.

Immunoprecipitation
For co-immunoprecipitation experiments, anti-γ-8-Ct
and anti-γ-8-L1 antibodies (30μg) were bound and cross-
linked to 200μl of Protein G Dynabeads (Life
Technologies) according to the manufacturer's
instructions.  Wistar rat hippocampi were homogenized
in 0.32 M sucrose and 5 mM HEPES-NaOH (pH 7.4),
and centrifuged at 800 × g for 10 minutes.  The resulting
supernatant (S1) was then centrifuged at 10,000 × g for
30 minutes.  The pellet (P2) was lysed with 1% CHAPS
or 0.5% Triton X-100 in phosphate buffered saline (PBS)
at 4℃ overnight and then centrifuged at 100,000 × g for
1 hour or 540,000 × g for 30 minutes at 4℃.  The
resulting supernatant was incubated with antibody-
conjugated Protein G Dynabeads (Life Technologies) in
lysate solution.  Beads were washed five times with 1%
CHAPS or 0.5% Triton X-100 in PBS, and co-
immunoprecipitated proteins were recovered in sodium
dodecyl sulfate (SDS) sample buffer (2% SDS, 3.3%
glycerol, 125 mM tris-HCl, pH 7.4) and heated at 90℃
for 5 minutes.

Mass spectrometry
Immunoprecipitates were resolved by 10% SDS-
polyacrylamide gel electrophoresis (PAGE) and gels were
stained with Coomassie Brilliant Blue.  The 35-kDa band
was excised from the gel and digested in-gel with trypsin.
Tryptic peptides were subjected to reversed-phase liquid
chromatography tandem mass spectrometry on an LTQ-
Orbitrap mass spectrometer (Thermo Fisher, San Jose,
CA, USA).  Protein identification was performed with
Proteome Discover (Thermo Fisher) and Mascot (Matrix
Science, London, UK) to search against the National
Center for Biotechnology Information.

Immunoblotting
Proteins were separated by 5%−20% SDS-PAGE under
reducing conditions and electrophoretically transferred
to a polyvinylidene fluoride membrane.  Membranes were
blocked with 5% non-fat milk with tris buffered saline
tween (TBST) (150 mM NaCl, 0.2% tween 20, 20 mM
tris-HCl, pH 7.5) for 1 hour at room temperature and
then incubated in 1% non-fat milk with TBST and a
primary antibody overnight at 4℃.  After washing for 30
minutes with three changes of TBST, the membranes
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were incubated with horseradish peroxidase-conjugated
secondary antibody for 1 hour at room temperature in
1% non-fat milk with TBST. After several washes with
TBST, proteins were visualized with enhanced
chemiluminescence (Thermo Fisher Scientific) using a
luminescence image analyzer with an electronically
cooled charge-coupled device camera (LAS-4000 mini;
GE Healthcare, Milwaukee, WI, USA).

Plasmids
DNA fragments corresponding to the open reading frame
of rat syntaxin-1 and SNAP-25 were amplified by
polymerase chain reaction (PCR) and subcloned into the
pcDNA3-Myc-His vector.  The insert for hemagglutinin
(HA)-tagged rat vesicle-associated membrane protein
(VAMP)-2-HA was generated by PCR amplification and
subcloned into the pcDNA3 vector.  TARP expression
constructs were generated by PCR amplification.

Cell culture and transient transfection
COS-7 cells were maintained in Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum.  Cells were cultured at 37℃ in an
atmosphere containing 10% CO2.  Transfections were
conducted using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) for COS-7 cells in accordance with
the manufacturer's recommendations.  Cells were plated
in 35 mm dishes and transfected with expression vectors.
After 48 hours of incubation, cells were harvested in
lysis buffer containing 0.5% Triton X-100 in PBS.  For
co-immunoprecipitation experiments, homogenates were
centrifuged at 15,000 × g for 30 minutes at 4℃, and the
supernatants were collected.

Immunostaining and fluorescence microscopy
For immunostaining, COS-7 cells were grown on
polyethyleneimine-coated 4-well chamber slides in
DMEM containing 10% fetal bovine serum. Cells were
co-transfected with 0.5μg of syntaxin-1-MycHis and 0.5
μg of γ-8.  Forty-eight hours after transfection, cells
were washed three t imes and fixed with 4%
paraformaldehyde in 0.1 M phosphate buffer for 30
minutes.  Cells were washed three times with PBS and
permeabilized with a solution containing 5% goat serum,
0.1% Triton X-100, and PBS for 30 minutes, and then
incubated with rabbit anti-syntaxin-1 antibody (Alomone
Labs) and guinea pig anti-γ-8-Ct antibody overnight.
Cells were then washed three times with PBS and
incubated with Alexa Fluor 488 anti-rabbit (1 : 1000)
and Alexa Fluor 594 anti-guinea pig (1 : 1000) antibodies
from Molecular Probes (Portland, Oregon, USA).  Stained

cells were visualized using a fluorescence microscope
(model BZ-9000; Keyence, Osaka).

Results

The TARP γ-8 association with the SNARE complex in
the hippocampus
To identify proteins involved in AMPA receptor
trafficking, we performed a mass spectrometry-based
screen for proteins that associate with γ-8.  The rat
hippocampal P2 fraction was solubilized in 1% CHAPS
and subjected to immunoprecipitation with a guinea pig
anti-γ-8-Ct antibody, followed by mass spectrometry-
based analysis of the protein complex.  The SNARE
protein, syntaxin-1, was identified as a potential γ-8-
interacting protein.  To confirm the interaction, we
performed co-immunoprecipitation with two γ-8
antibodies against distinct synthetic peptides (Ct: residues
358-372 and L1: residues 70-84) and immunoblot
analysis.  Interestingly, γ-8 co-immunoprecipitated not
only with syntaxin-1 but also with SNAP-25 and VAMP-
2 (Figure 1).  The anti-γ-8-Ct antibody also co-
immunoprecipitated with the AMPA receptor subunits
GluA1 and GluA2. Because the anti-γ-8-L1 antibody
does not interact with AMPA receptor-associatedγ-8,
the SNARE complex was co-immunoprecipitated less

Figure 1.  TARP γ-8 co-immunoprecipitates with the SNARE
protein complex.  Immunoprecipitation was performed with rat
hippocampal P2 lysates using control IgG, anti-γ-8-Ct antibody,
or anti-γ-8-L1 antibody.  Immunoprecipitated complexes were
then separated by SDS-PAGE under reducing conditions, followed
by immunoblotting with antibodies against the indicated proteins.
Neuronal SNARE proteins syntaxin-1, SNAP-25, and VAMP-2
co-immunoprecipitated with γ-8.
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efficiently.  These results suggest thatγ-8 interacts with
the SNARE complex in the hippocampus.

N-cadherin, a Ca2+-dependent adhesion molecule, is
enriched at pre- and post-synaptic plasma membranes
and interacts with AMPA receptors through the N-
terminal domain of GluA2.  However, γ-8 did not co-
immunoprecipitate with N-cadherin under our
experimental conditions.

The TARP γ-8 interaction with the SNARE complex via
syntaxin-1
To determine whetherγ-8 interacts with other proteins
of the SNARE complex, COS-7 cells were transiently
co-transfected withγ-8 and SNARE proteins (Figure
2A,B) and the resulting cell lysates were subjected to
immunoprecipitation with an anti-γ-8-Ct antibody.
Whileγ-8 co-immunoprecipitated with syntaxin-1, it did
not co-immunoprecipitate with SNAP-25 or VAMP-2.
Whenγ-8, syntaxin-1, and SNAP-25 were co-transfected
into COS-7 cells, SNAP-25 co-immunoprecipitated with
γ-8.  These results suggest thatγ-8 interacts with the
SNARE complex via syntaxin-1.

The SNARE complex assembly is a crucial step
leading to vesicle fusion, and this process is likely
triggered by Ca2+.  To determine whether Ca2+ affects the
association betweenγ-8 and syntaxin-1, we tested the
ab i l i ty  o f  the  an t i -γ-8 -Ct  an t ibody  to  co-
immunoprecipitate syntaxin-1 from COS-7 lysates
prepared in the presence of Ca2+ (2 mM CaCl2) or its
absence (1 mM ethylene glycol tetraacetic acid [EGTA]).
The interaction ofγ-8 with syntaxin-1 was similar under
these two conditions (Figure 2C).  The interaction between
γ- 8  a n d  s y n t a x i n - 1  w a s  c o n f i r m e d  b y
immunofluorescence, which revealed a high degree of
co-localization betweenγ-8 and syntaxin-1 in transfected
COS-7 cells (Figure 3).

All TARP members' co-immunoprecipitation with
syntaxin-1
The TARP family consists of four type I TARPs (γ-2,
γ-3, γ-4, and γ-8) and two type II TARPs (γ-5 and γ-7).
To determine whether TARP members other than γ-8
interact with syntaxin-1, co-immunoprecipitation
experiments were performed. Syntaxin-1 and TARP
family members were transiently transfected into COS-7
cells, and the resulting cell lysates were subjected to
immunoprecipitation with antibodies against TARP
family members.  As shown in Figure 4A, all TARP
members co-immunoprecipitated with syntaxin-1.

TARP family members contain four transmembrane
spanning helices with both N- and C-terminal domains

Figure 2.  TARP γ-8 interacts with syntaxin-1 in vitro.

A. Different combinations of SNAP-25-MycHis, syntaxin-1-
MycHis, and γ-8 plasmids were co-transfected using
Lipofectamine 2000.  After 48 hours, cells were lysed with 0.5%
Triton X-100 in PBS, subjected to immunoprecipitation (IP) with
an anti-γ-8-Ct antibody, washed with 0.5% Triton X-100 in PBS,
and separated by SDS-PAGE under reducing conditions.  This
was followed by immunoblot analysis with antibodies against the
indicated proteins.  B. COS-7 cells were transfected with γ-8
plasmid in the presence or absence of HA-tagged VAMP-2
plasmid.  Lysates from transfected COS-7 cells were subjected to
immunoprecipitation with an anti-γ-8-Ct antibody and
immunoblotted with an anti-VAMP-2 antibody.  C. COS-7 cells
were co-transfected with γ-8 and MycHis-tagged syntaxin-1.
After 48 hours, cells were lysed with 1% CHAPS in PBS in the
presence of 1 mM EGTA or 2 mM CaCl2, subjected to
immunoprecipitation with an anti-γ-8-Ct antibody, washed with
1% CHAPS in PBS in the presence of 1 mM EGTA or 2 mM
CaCl2, and separated by SDS-PAGE.  This was followed by
immunoblot analysis.
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located intracellularly.  Although the overall amino acid
identity between type I and type II TARPs is relatively
low, a portion of the first extracellular loop and the fourth
membrane-spanning domain exhibit significantly high
amino acid homology between type I and type II TARPs
(Figure 4B).  Because syntaxin-1 is a single
transmembrane protein and lacks an extracellular region,

the fourth membrane-spanning domain of TARPs may
be responsible for binding to syntaxin-1.

Discussion

The activity-dependent insertion and endocytosis of
AMPA receptors is important for synaptic plasticity.  The

Figure 3.  TARP γ-8 co-localizes with syntaxin-1.

COS-7 cells were co-transfected with syntaxin-1 and γ-8.  Cells were processed for immunocytochemistry using rabbit anti-syntaxin-1
and guinea pig anti-γ-8 antibodies.  Syntaxin-1 and γ-8 were detected by Alexa Fluor 488 and Alexa Fluor 594, respectively.

Figure 4.  All TARPs co-immunoprecipitate with syntaxin-1.

A. COS-7 cells were co-transfected with Myc-His-tagged syntaxin-1
and expression vectors for the following proteins: γ-2, γ-3, γ-4, γ-5,
γ-7, and γ-8.  After 48 hours, cells were lysed with 1% CHAPS in
PBS, subjected to immunoprecipitation with rabbit anti-γ-2 and γ-3
antibodies and guinea pig anti-γ-4, γ-5, γ-7, and γ-8 antibodies,
washed with 1% CHAPS in PBS, and separated by SDS-PAGE.  This
was followed by immunoblot analysis.  B. Protein sequence alignment
of the fourth membrane-spanning domain of all TARP members.
Identical amino acid residues are shown in white letters against a
black background.
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C terminus of the GluA2 subunit interacts with a number
of intracellular proteins that have potential roles in
regulating AMPA receptor trafficking.26,27  The extreme
C-terminal residues interact with AMPA receptor binding
protein, glutamate receptor interacting protein, and protein
interacting with C-kinase 1 (PICK1).  A juxtamembrane
region binds the NSF protein and AP2.  TARPs also act
as auxiliary subunits of AMPA receptors to modulate
AMPA receptor trafficking.

NSF is essential for numerous Ca2+-triggered vesicle
trafficking events.28,29  A major function of this protein is
to bind to the SNARE complex and utilize the energy of
ATP (adenosine triphosphate) hydrolysis to disassemble
the complex, facilitating SNARE recycling.  Previous
studies have shown that NSF also maintains a high level
of synaptic AMPA receptors by preventing their removal
by endocytosis and facilitating their insertion by
exocytosis.30,31  Peptide-based interference of the NSF-
GluA2 interaction leads to an almost complete loss of
surface AMPA receptors.32  The role of NSF in AMPA
receptor endocytosis may be explained with the
disassembly of GluA2-PICK1 complexes by its ATPase
activity.33  This disassembly leads to the inhibition of
PICK1-dependent endocytosis of AMPA receptors.

It remains unclear why interfering with the NSF-
GluA2 interaction facilitates the delivery of AMPA
receptors to the synaptic plasma membrane.  Our results
raise the possibility that NSF binds GluA2 on AMPA

receptor-containing vesicles and facilitates membrane
fusion through disassembly of the TARP-interacting
SNARE complex (Figure 5).  Therefore, the interaction
of TARPs with syntaxin-1 may have important roles in
the assembly and localization of TARP/AMPA receptor
complexes.

References

  1. Nakanishi S.  Molecular diversity of glutamate
receptors and implications for brain function.  Science
1992; 258: 597-603.

  2. Ozawa S, Kamiya H, Tsuzuki K.  Glutamate receptors
in the mammalian central nervous system.  Prog
Neurobiol 1998; 54: 581-618.

  3. Nakanishi S, Nakajima Y, Masu M, et al.  Glutamate
receptors: brain function and signal transduction.
Brain Res Brain Res Rev 1998; 26: 230-5.

  4. Scannevin RH, Huganir RL.  Postsynaptic
organization and regulation of excitatory synapses.
Nat Rev Neurosci 2000; 1: 133-41.

  5. Ungar D, Hughson FM.  SNARE protein structure
and function.  Annu Rev Cell Dev Biol 2003; 19:
493-517.

  6. Sudhof TC.  The synaptic vesicle cycle.  Annu Rev
Neurosci 2004; 27: 509-47.

  7. Jahn R, Scheller RH.  SNAREs--engines for
membrane fusion.  Nat Rev Mol Cell Biol 2006; 7:
631-43.

  8. Martens S, McMahon HT.  Mechanisms of membrane
fusion: disparate players and common principles.  Nat
Rev Mol Cell Biol 2008; 9: 543-56.

  9. Lledo PM, Zhang X, Südhof TC, et al.  Postsynaptic
membrane fusion and long-term potentiation.  Science
1998; 279: 399-403.

10. Lan JY, Skeberdis VA, Jover T, et al.  Activation of
metabotropic glutamate receptor 1 accelerates
NMDA receptor trafficking.  J Neurosci 2001; 21:
6058-68.

11. Lu W, Man H, Ju W, et al.  Activation of synaptic
NMDA receptors induces membrane insertion of new
AMPA receptors and LTP in cultured hippocampal
neurons.  Neuron 2001; 29: 243-54.

12. Washbourne P, Liu XB, Jones EG, et al.  Cycling of
NMDA receptors during trafficking in neurons before
synapse formation.  J Neurosci 2004; 24: 8253-64.

13. Lau CG, Takayasu Y, Rodenas-Ruano A, et al.
SNAP-25 is  a  target  of  protein kinase C
phosphorylation critical to NMDA receptor
trafficking.  J Neurosci 2010; 30: 242-54.

14. Suh YH, Terashima A, Petralia RS, et al.  A neuronal
role for SNAP-23 in postsynaptic glutamate receptor
trafficking.  Nat Neurosci 2010; 13: 338-43.

Figure 5.  Schematic representation of the TARP/SNARE protein
complex

AMPA receptor-containing vesicles may fuse with plasma
membrane microdomains, which are present in TARP members.

Itakura, et al.



173

15. Selak S, Paternain AV, Aller MI, et al.  A role for
SNAP25 in internalization of kainate receptors and
synaptic plasticity.  Neuron 2009; 63: 357-71.

16. Ramos C, Chardonnet S, Marchand CH, et al.  Native
presynaptic metabotropic glutamate receptor 4
(mGluR4) interacts with exocytosis proteins in rat
cerebellum.  J Biol Chem 2012; 287: 20176-86.

17. Milstein AD, Nicoll RA.  Regulation of AMPA
receptor gating and pharmacology by TARP auxiliary
subunits.  Trends Pharmacol Sci 2008; 29: 333-9.

18. Kato AS, Gill MB, Yu H, et al.  TARPs differentially
d e c o r a t e  A M P A  r e c e p t o r s  t o  s p e c i f y
neuropharmacology.  Trends Neurosci 2010; 33: 241-
8.

19. Jackson AC, Nicoll RA.  The expanding social
network of ionotropic glutamate receptors: TARPs
and other transmembrane auxiliary subunits.  Neuron
2011; 70: 178-99.

20. Tomita S, Chen L, Kawasaki Y, et al.  Functional
studies and distribution define a family of
transmembrane AMPA receptor regulatory proteins.
J Cell Biol 2003; 161: 805-16.

21. Inamura M, Itakura M, Okamoto H, et al.  Differential
localization and regulation of stargazin-like protein,
gamma-8 and stargazin in the plasma membrane of
hippocampal and cortical neurons.  Neurosci Res
2006; 55: 45-53.

22. Fukaya M, Tsujita M, Yamazaki M, et al.  Abundant
distribution of TARP gamma-8 in synaptic and
extrasynaptic surface of hippocampal neurons and
its major role in AMPA receptor expression on spines
and dendrites.  Eur J Neurosci 2006; 24: 2177-90.

23. Rouach N, Byrd K, Petralia RS, et al.  TARP gamma-
8 controls hippocampal AMPA receptor number,
distribution and synaptic plasticity.  Nat Neurosci
2005; 8: 1525-33.

24. Yamamori S, Itakura M, Sugaya D, et al.  Differential
expression of SNAP-25 family proteins in the mouse
brain.  J Comp Neurol 2011; 519: 916-32.

25. Oho C, Seino S, Takahashi M.  Expression and
complex formation of soluble N-ethyl-maleimide-
sensitive factor attachment protein (SNAP) receptors
in clonal rat endocrine cells.  Neurosci Lett 1995;
186: 208-10.

26. Malinow R, Malenka RC.  AMPA receptor trafficking
and synaptic plasticity.  Annu Rev Neurosci 2002;
25: 103-26.

27. Anggono V, Huganir RL.  Regulation of AMPA
receptor trafficking and synaptic plasticity.  Curr
Opin Neurobiol 2012; 22: 461-9.

28. Hay JC, Scheller RH.  SNAREs and NSF in targeted
membrane fusion.  Curr Opin Cell Biol 1997; 9:
505-12.

29. Zhao C, Slevin JT, Whiteheart SW.  Cellular functions
of NSF: not just SNAPs and SNAREs.  FEBS Lett
2007; 581: 2140-9.

30. Steinberg JP, Huganir RL, Linden DJ.  N-
ethylmaleimide-sensitive factor is required for the
synaptic incorporation and removal of AMPA
receptors during cerebellar long-term depression.
Proc Natl Acad Sci U S A 2004; 101: 18212-6.

31. Araki Y, Lin DT, Huganir RL.  Plasma membrane
insertion of the AMPA receptor GluA2 subunit is
regulated by NSF binding and Q/R editing of the ion
pore.  Proc Natl Acad Sci U S A 2010; 107: 11080-5.

32. Song I, Kamboj S, Xia J, et al.  Interaction of the N-
ethylmaleimide-sensitive factor with AMPA
receptors.  Neuron 1998; 21: 393-400.

33. Hanley JG, Khatri L, Hanson PI, et al.  NSF ATPase
and alpha-/beta-SNAPs disassemble the AMPA
receptor-PICK1 complex.  Neuron 2002; 34: 53-67.

Interaction between the SNARE complex and transmembrane AMPA receptor regulatory protein γ-8 in the rat hippocampus




