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Sodium-dependent transporters clear extracellular glutamate in the mammalian CNS. Activation of protein kinase C (PKC) rapidly
increases the activity of the neuronal glutamate transporter EAAC1 (excitatory amino acid carrier-1). This effect is associated with
redistribution of EAAC1 to the cell membrane and appears to be dependent on a particular PKC subtype, PKC�. In the present study, we
sought to determine whether this specificity for regulation of EAAC1 is associated with the formation of EAAC1–PKC� complexes. In C6
glioma cells, activation of PKC with phorbol 12-myristate 13-acetate (PMA) induced formation of EAAC1–PKC� complexes but did not
induce formation of complexes with PKC�, a PKC not thought to regulate EAAC1. Formation of these complexes was blocked by inhibitors
of PKC. Confocal microscopy revealed that PMA caused EAAC1 and PKC� to colocalize in clusters at or near the cell surface. The
EAAC1–PKC� complexes were also observed in rat brain synaptosomes, demonstrating that this interaction is not restricted to C6 cells.
These data demonstrate that EAAC1 and PKC� interact in a PKC-dependent manner that is associated with EAAC1 redistribution.
Although PKC activation has been implicated in the regulation of many different neurotransmitter transporters, this study provides the
first example of an interaction between a neurotransmitter transporter and PKC. PKC� also forms complexes with GluR2 (glutamate
receptor subunit 2) and causes a reduction in the levels of GluR2-containing AMPA receptors at the plasma membrane. Together, these
data suggest that PKC� may simultaneously trigger the redistribution of EAAC1 and glutamate receptors.
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Introduction
Glutamate is the predominant excitatory neurotransmitter in the
mammalian CNS. An extracellular accumulation of glutamate
and the consequent excessive activation of glutamate receptors
(GluRs) appears to contribute to the damage observed in acute
and chronic neurodegenerative disorders (Choi, 1992). Unlike
some other neurotransmitters, there is no evidence for extracel-
lular metabolism of glutamate; instead, extracellular levels are
maintained by a family of sodium-dependent transporters, in-
cluding the following: GLAST [for glutamate/aspartate trans-
porter (EAAT1)], GLT-1 [for glutamate transporter-1 (EAAT2)],
EAAC1 [for excitatory amino acid carrier-1 (EAAT3)], EAAT4
(for excitatory amino acid transporter-4), and EAAT5 (Sims and
Robinson, 1999; Danbolt, 2001).

Glutamate transporters shape receptor responses by two dif-
ferent mechanisms, binding and active uptake. Binding of gluta-
mate to transporters contributes to the fast component of gluta-
mate removal from the synaptic space. This mechanism requires
a high density of transporter molecules surrounding the synaptic
cleft to effectively buffer free glutamate available for receptor
activation. Active transport is generally considered a slow process
compared with the rapid kinetics of some ion channels activated

by glutamate, with a turnover time of �100 msec, but it appears
to be fast enough to shape the activation of other glutamate re-
ceptors, particularly those that do not rapidly desensitize or those
that couple to G-proteins (Wadiche et al., 1995; Conti and Wein-
berg, 1999; Diamond, 2001). These observations demonstrate
that glutamate transporters are involved in the regulation of syn-
aptic transmission and raise the possibility that regulation of
transporters may modulate synaptic transmission.

The activity of most of the glutamate transporters can be
regulated by mechanisms that are independent of de novo
transporter synthesis (Sims and Robinson, 1999; Danbolt, 2001).
In some cases, the changes in activity are associated with insertion
or removal of transporter molecules at the plasma membrane. In
C6 glioma, activation of protein kinase C (PKC) rapidly (within
minutes) increases EAAC1-mediated transport activity. This effect is
associated with a redistribution of EAAC1 from subcellular com-
partments to the plasma membrane (Davis et al., 1998). Using phar-
macological approaches combined with downregulation of specific
PKC subtypes, we recently developed evidence to suggest that PKC�
regulates EAAC1 redistribution and that PKC� regulates EAAC1
catalytic efficiency (González et al., 2002). As a first step in the char-
acterization of the involvement of PKC� in the regulation of EAAC1
trafficking, we determined whether EAAC1 and PKC� interact. In
the present study, we provide evidence for an interaction between
PKC� and EAAC1 that is dependent on PKC activation.

Materials and Methods
Cell culture. C6 glioma cells, a cell line that endogenously expresses
EAAC1 and none of the other transporter subtypes, were grown as de-
scribed previously (Davis et al., 1998).
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Preparation of crude synaptosomes. Synaptosomes were prepared from
adult rats and resuspended in 5 vol (v/w) of sucrose as described previ-
ously (Robinson, 1998). Crude synaptosomes (100 �l containing �500
�g of protein) were resuspended in 900 �l of sodium containing buffer
(González et al., 2002). PKC inhibitors or vehicle were added, and the
synaptosomal suspension was prewarmed to 37°C for 5 min. Phorbol
12-myristate 13-acetate (PMA) (100 nM) was added, and the synaptoso-
mal suspension was kept at 37°C for an additional 30 min. Synaptosomal
membranes were recovered by centrifugation at 20,000 � g for 20 min.

Immunoprecipitation and Western blot. C6 cells or synaptosomal pel-
lets were resuspended in 1 ml of lysis buffer (González et al., 2002) and
solubilized for 1 hr at 4°C. Lysates were centrifuged at 12,500 rpm to
remove cell debris. Supernatants were precleared with 40 �l of protein
A-agarose beads (Invitrogen, Grand Island, NY) and gently shaken for 1
hr at 4°C. After centrifugation, an aliquot was saved, and the precleared
lysates were incubated overnight with 2 �g (C6 cells) or 3 �g (synapto-
somes) of affinity-purified polyclonal rabbit anti-EAAC1 antibody [Al-
pha Diagnostics International (ADI), San Antonio, TX] at 4°C. Immune
complexes were collected after incubation for 2 hr with 30 �l of protein
A-agarose slurry. After four washes with lysis buffer, immune complexes
were released in 25 �l of 2� sample buffer by boiling at 90 –95°C. Im-
munoprecipitated proteins were resolved by SDS-PAGE and transferred
to polyvinylidene difluoride membranes (Millipore, Bedford, MA). After
blocking, membranes were probed with antibodies for PKC (monoclonal
mouse anti-PKC� at 1:500, Transduction Laboratories, San Diego, CA;
rabbit polyclonal anti-PKC� at 1:2000, Santa Cruz Biotechnology, Santa
Cruz, CA) or EAAC1 (1:5000) and visualized with chemiluminescence.

Immunocytochemistry and confocal microscopy. C6 glioma (plated on
glass coverslips) were treated with vehicle or PMA (100 nM) for 30 min,
washed with PBS, and fixed with 2% paraformaldehyde for 10 min. After
incubation with blocking solution (minimum essential medium contain-
ing 15 mM HEPES buffer, 10% fetal bovine serum, and 0.05% sodium
azide) for 10 min, anti-EAAC1 (1.25 �g/ml) and mouse anti-PKC� (5
�g/ml) were added for 30 min. Cultures were then incubated with bio-
tinylated donkey anti-rabbit Ig (species specific, 1:100) and rhodamine
conjugated donkey anti-mouse Ig (species specific, 1:100) for 30 min,
followed by fluorescein-conjugated streptavidin (1:100; all reagents from
Jackson ImmunoResearch, West Grove, PA) for 20 min. Coverslips were
washed between steps with PBS, postfixed with cold methanol for 8 min,
and counterstained with Hoechst H 33258 in PBS (2 �g/ml) for 3 min.
Stained cells were mounted in Vectorshield (Vector Laboratories, Bur-
lingame, CA). Immunolabeled cultures were optically sectioned at 0.5
�m intervals with a Leica (Nussloch, Germany) Inverted DM IRE2 HC
fluo TCS 1-B-UV microscope coupled to a Leica TCS SP2 spectral con-
focal system/UV. Controls were run to confirm that the staining was
dependent on primary antibodies.

Results
EAAC1 associates with PKC� in C6 cells treated with PMA
Activation of PKC increases the activity and cell surface expres-
sion of the glutamate transporter EAAC1 (Davis et al., 1998).
Two lines of evidence suggested that PKC� is required for EAAC1
redistribution (González et al., 2002). In the present study, we
tested for possible interactions between EAAC1 and PKC�. Using
an EAAC1-specific antibody, essentially no PKC� immunoreac-
tivity was detected in immunoprecipitates from control cells;
however, treatment of C6 glioma with PMA (100 nM) for 30 min
consistently resulted in the recovery of PKC� in EAAC1 immu-
noprecipitates (Fig. 1A). The increase in PKC� immunoreactiv-
ity after PMA treatment was not associated with any difference in
the amount of EAAC1 recovered in the immunoprecipitates (Fig.
1A, bottom). The specificity of the EAAC1–PKC� interaction is
supported by the absence of PKC� immunoreactivity when an
irrelevant antibody (anti-GLT-1; ADI) was used or when the
EAAC1 antibody was omitted from the immunoprecipitation
procedure (Fig. 1A). In addition, preabsorption of the anti-
EAAC1 antibody with the corresponding antigenic peptide

(ADI) abolished PKC� immunoreactivity (Fig. 1B). Finally,
PKC� was coimmunoprecipitated using an anti-EAAC1 anti-
body obtained from a different source (Fig. 1C). To determine
whether EAAC1 specifically associates with PKC�, immunopre-
cipitates were probed with antibodies to PKC�, and, under these
conditions, no specific PKC� immunoreactivity was observed
(Fig. 1D), suggesting that that PKC activation with PMA induces
the formation of a specific EAAC1–PKC� interaction. We also
attempted to determine whether PKC� is present in EAAC1 im-
munoprecipitates, but none was detected (data not shown; n �
3). Because the levels of PKC� immunoreactivity are relatively
low in C6 glioma (González et al., 2002), we cannot conclusively
rule out the possibility that there is a complex but that it is not
detectable under the current conditions.

PKC inhibitors prevent the formation of
EAAC1–PKC� complexes
The increase in EAAC1 cell surface expression induced by PMA is
abolished by either bisindolylmaleimide II (BIS II), a general PKC
inhibitor, or by Gö6976, a selective inhibitor of the classical sub-
types of PKC at low micromolar concentrations (Davis et al.,
1998; González et al., 2002). Therefore, the effects of PKC inhib-
itors on formation of EAAC1–PKC� complexes were examined.

Figure 1. EAAC1 associates with PKC� in C6 glioma cells. A, Coimmunoprecipitation of PKC�
withEAAC1inC6gliomacellsstimulatedwithPMA.C6cellsweretreatedwithvehicleorPMA(100nM)
for 30 min. Cell lysates were immunoprecipitated (IP) with an anti-EAAC1 antibody, anti-GLT-1 anti-
body, or no antibody. Immune complexes were recovered and probed for PKC� immunoreactivity
(WB:PKC�). B,EffectofEAAC1antibodypreabsorptionwiththeantigenicpeptide.EAAC1antibody (2
�g) was preabsorbed with 25�g of the corresponding peptide for 2 hr at room temperature. Preab-
sorbed or non-preabsorbed antibody (IP) was incubated overnight with C6 cells lysate. After recovery,
immune complexes were assayed for PKC� immunoreactivity. C, Coimmunoprecipitation of PKC�
with EAAC1 using a different anti-EAAC1 antibody. Vehicle- and PMA (100 nM)-treated C6 cells lysates
were immunoprecipitated (IP) with an EAAC1 antibody from a different source (Dr. Rothstein, Johns
Hopkins University, Baltimore, MD), and the immunoprecipitates were assayed for PKC� immunore-
activity. D, PMA treatment does not induce the interaction of EAAC1 with PKC�. C6 cell lysates were
immunoprecipitated with an anti-EAAC1 antibody, anti-GLT-1 antibody, or no antibody (IP). The
immune complexes were probed for PKC� immunoreactivity. All blots were stripped and reprobed for
EAAC1 immunoreactivity (WB: EAAC1) and are representative of three independent experiments.
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Either BIS II (10 �M) or Gö6976 (10 �M) prevented the PMA-
dependent formation of EAAC1–PKC� complexes (Fig. 2A). As
a control, we confirmed that these treatments did not affect the
levels of EAAC1 in the immunoprecipitates or the levels of PKC�
in the cell lysates (Fig. 2A, middle, bottom). Together, these re-
sults strongly suggest that PKC activation is required for forma-
tion of EAAC1–PKC� complexes. Because PKC� is the only clas-
sical (Gö6976-sensitive) PKC detectable in C6 cells (González et
al., 2002), these data suggest that PKC� activation is required.

Previously, we showed that activation of the platelet-derived
growth factor (PDGF) receptor increases the activity and cell
surface expression of EAAC1 (Sims et al., 2000). These effects are
not blocked by the PKC antagonist BIS II and appear to be inde-
pendent of PKC activation. Treatment of C6 cells with PDGF did
not induce formation of EAAC1–PKC� complexes (Fig. 2B),
suggesting that formation of the complex is specific and is not
simply related to redistribution of EAAC1.

EAAC1 and PKC� colocalize in C6 cells after PKC activation
Based on these studies, it is not clear whether this complex exists
within the cell or at the cell surface. In several different experi-
ments, we attempted to combine biotinylation of cell surface
proteins with immunoprecipitation, but we were unable to free
the biotinylated transporters from avidin beads with excess bi-
otin. Therefore, we used confocal microscopy to determine
whether EAAC1 and PKC� colocalize after activation of PKC. In
optical cross-sections of the midsection of the cell, the bulk of
EAAC1 immunoreactivity (green) was evenly distributed
throughout the interior of the cell, and PKC� immunostaining
(red) was predominantly detected in a perinuclear compartment
under control conditions (Fig. 3). After PMA treatment, there
was a decrease in the intracellular labeling for EAAC1 and PKC�,
and both proteins were located at or near the plasma membrane,

in which they appear to form clusters and colocalize (yellow). As
observed previously, PMA treatment also changed the morphol-
ogy and increased the “ruffling” of the cells (Davis et al., 1998). It
is known that activation of PKC with PMA is associated with the
translocation of PKC to the cell membrane. Therefore, it is not
surprising that these two plasma membrane-trafficked proteins
colocalize at the cell membrane after PMA treatment. The fact
that we do not observe significant intracellular colocalization,
along with the data that support the formation of complexes
between these two proteins, is consistent with the notion that
EAAC1 and PKC� interact at or near the cell membrane.

EAAC1 associates with PKC� in brain tissue
To determine whether the association of EAAC1 and PKC� occurs
in vivo, EAAC1 was immunoprecipitated from rat cortical synapto-
somes. In contrast to our in vitro observations with C6 cells (in which

Figure 2. Effect of PKC antagonists and PDGF on the EAAC1–PKC� interaction. A, EAAC1–
PKC� association is blocked by PKC antagonists. C6 cells were preincubated with BIS II (10 �M)
or Gö6976 (10 �M) for 10 min before the addition of PMA (100 nM) for 30 min. EAAC1 immuno-
precipitates (IP) were analyzed for PKC� immunoreactivity (WB: PKC�). B, EAAC1–PKC� as-
sociation is not induced by PDGF. C6 cells were incubated for 30 min with PDGF (20 ng/ml) or
PMA (100 nM). Cell lysates were immunoprecipitated with an anti-EAAC1 antibody, and the
immune complexes were analyzed for PKC� immunoreactivity. Membranes were stripped and
probed for EAAC1 immunoreactivity (WB: EAAC1). In the bottom panels, total cell lysates (25
�g of protein) were probed for PKC� immunoreactivity. The blots are representative of three
independent experiments.

Figure 3. Effect of PMA on EAAC1 and PKC� distribution in C6 cells. After treatment with vehicle
or PMA (100 nM) for 30 min, cells were fixed and immunolabeled with rabbit antibodies to EAAC1
(green) and mouse monoclonal antibodies to PKC� (red). Nuclei were stained with Hoechst dye
(blue). Serial sections were obtained by confocal microscopy, and optical sections through the middle
of the cell, defined by the largest cross-sectional area of the nucleus, are shown. Both control and
PMA-treated cells were scanned with the same voltage/offset/pinhole settings and laser power. The
images are representative of two independent experiments. In vehicle-treated cultures, the bulk of
EAAC1 immunoreactivity is distributed throughout the cytoplasm and PKC� immunoreactivity is
predominantly perinuclear. After PMA treatment, the intracellular labeling decreased, and both
EAAC1 and PKC� were translocated to the periphery of the cell, where they appear to form clusters
and colocalize in the cell surface (yellow). Scale bar, 20 �m.
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EAAC1–PKC� complexes were not detect-
able in the absence of PMA), PKC� immu-
noreactivity was detected in EAAC1 immu-
noprecipitates in the absence of exogenous
PKC activation (Fig. 4A,B). The PKC antag-
onist BIS II (10 �M) dramatically reduced
the amount of PKC� detected, suggesting
that endogenous PKC activation causes for-
mation of the complex. The observation that
much lower levels of PKC� are detected
when synaptosomes are not incubated at
37°C and that this signal increases with
length of incubation at 37°C (Fig. 4C) sug-
gests that formation of the complex was trig-
gered during the incubation period. In addi-
tion, exogenous activation of PKC with
PMA increased the signal for PKC� immu-
noreactivity, and the PKC antagonist BIS II
blocked this effect (Fig. 4A,B). The changes
in PKC� immunoreactivity are not pro-
duced by a change in the efficiency of the
immunoprecipitation, because the amount
of EAAC1 immunoreactivity recovered un-
der all conditions was similar (data not
shown). To determine whether the forma-
tion of EAAC1–PKC� complexes is re-
stricted to cortex, EAAC1 was immunopre-
cipitated from synaptosomes prepared from
several brain regions. PKC� was detected in
EAAC1 immunoprecipitates from cerebellum, hippocampus, and
midbrain (Fig. 4D). In these regions, application of BIS II (10 �M)
reduced the basal complex formation and also prevented the forma-
tion of complex induced by exogenous PKC activation. In brain-
stem, in which the levels of expression for EAAC1 and PKC� were
relatively low, PKC� was not detected (data not shown). These re-
sults show that the formation of the EAAC1–PKC� complex is de-
tectable in synaptosomes and that endogenous stimuli can also result
in formation of this complex.

Discussion
Previously, we showed that inhibition of PKC� with Gö6976
reduces the PMA-induced increase in EAAC1-mediated activity.
Gö6976 abolishes the increase in EAAC1 cell surface expression
in C6 glioma and in primary neuronal cultures. In addition, se-
lective downregulation of the PKC subtypes expressed in C6 cells
suggests a specific role for PKC� in the regulation of EAAC1
trafficking (González et al., 2002). The specific events involved in
EAAC1 redistribution are unknown, but if the involvement of
PKC� in EAAC1 redistribution is dependent on phosphorylation
of EAAC1 or of an adapter-protein involved in EAAC1 traffick-
ing, the association of EAAC1 and PKC� in a multiprotein com-
plex may be necessary. In C6 cells, treatment with PMA pro-
moted an interaction between EAAC1 and PKC�. This effect was
blocked by PKC antagonists, suggesting that the formation of the
complex requires PKC activation. In rat brain synaptosomes, the
EAAC1–PKC� association was detected in the absence of PMA,
and PMA induced an additional increase in the recovery of PKC�
immunoreactivity. Both effects were blocked by a PKC antago-
nist, suggesting that the association may be triggered by endoge-
nous stimulation of PKC activity under physiological and/or
pathological conditions.

Several members of the neurotransmitter transporter family
are regulated by kinases, phosphatases, and interacting proteins;

however, the mechanisms involved in this regulation are un-
known. All of the neurotransmitter transporters contain intracel-
lular consensus sequences for phosphorylation, and there is evi-
dence that many members of this family are phosphorylated. In
addition, there is some evidence that direct phosphorylation of
transporters may be required for the regulation of transporter
activity and/or cell surface expression (Blakely and Bauman,
2000; Danbolt, 2001; Foster et al., 2002). Because EAAC1 and
PKC� interact, this raises the possibility that, after interaction,
PKC� may directly phosphorylate EAAC1 and promote its redis-
tribution. In preliminary studies using C6 cells metabolically la-
beled with [ 32P]orthophosphate, we found that PKC activation
with PMA promotes the phosphorylation of immunoprecipi-
table EAAC1, and this effect is blocked by BIS II (data not shown;
n � 3), suggesting that PKC phosphorylates EAAC1. However,
these data do not prove that direct phosphorylation is required
for the regulation of transporter activity or trafficking. An alter-
native is that PKC phosphorylates an accessory protein that in
turn regulates the activity and/or cell surface expression of
EAAC1. Finally, it is also possible that the interaction is indepen-
dent of the phosphorylation of EAAC1 or an adapter protein and
that activated PKC� simply has a higher affinity for EAAC1 (or an
adapter protein); however, we have not determined whether the
PKC� in the complex is catalytically active.

Recently, some proteins that interact with neurotransmitter
transporters have been described, and these interactions may ei-
ther influence PKC signaling or are influenced by PKC signaling.
For example, PKC activation modulates an interaction between
syntaxin 1A and the �-aminobutyric acid transporter GAT-1. This
interaction appears to regulate both the cellular distribution and
catalytic efficiency of GAT-1 (Deken et al., 2000; Horton and Quick,
2001). The PDZ (for postsynaptic density-95/Discs large/zona
occludens-1) domain-containing protein PICK1 (for protein inter-
acting with C kinase 1) and the LIM (for Lin-11, Isl-1, and Mec-3)

Figure 4. Coimmunoprecipitation of EAAC1 with PKC� from rat brain synaptosomes. A, Cortical synaptosomes were preincu-
bated for 5 min at 37°C with BIS II (10 �M) or vehicle, PMA (100 nM) was added, and the incubation was continued for 30 min.
Precleared lysate was incubated overnight with 3 �g of anti-EAAC1 antibody (IP), and immune complexes were probed for PKC�
immunoreactivity (WB: PKC�). B, Densitometric analysis of PKC� immunoreactivity from seven independent experiments per-
formed as described in A. Data are presented as mean � SEM. *p � 0.05 and ***p � 0.001 compared with PMA treated
synaptosomes; **p � 0.001 compared with control synaptosomes; ANOVA. C, Cortical synaptosomes were kept on ice (0 min) or
transferred to a 37°C water bath and immediately treated with vehicle or PMA for 15 or 30 min. D, EAAC1 and PKC� interact in
different brain regions. Synaptosomes prepared from different brain regions were treated as described in A, and immune com-
plexes were probed for PKC� immunoreactivity. The blots presented are representative of three independent experiments.
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domain-containing protein Hic-5 interact with the dopamine trans-
porter, and these scaffolding proteins may recruit activated PKC
and/or focal adhesion kinase to regulate transporter activity or cell
surface expression (Torres et al., 2001; Carneiro et al., 2002). Finally,
the catalytic subunit of the protein phosphatase 2A has been detected
in complexes with the serotonin, norepinephrine, and dopamine
transporters. PKC activation results in phosphorylation and seques-
tration of the serotonin transporter and disrupts the interaction of
protein phosphatase 2A with this transporter (Bauman et al., 2000).
Despite these efforts, there is currently no evidence that PKC is part
of these complexes.

Some proteins that interact with glutamate transporters have
also been described recently. These proteins include a member of
the LIM family, Ajuba, that associates with GLT-1 (Marie et al.,
2002). GTRAP3–18 (glutamate transporter associated protein
3–18) (Lin et al., 2001) and GTRAP48 (Jackson et al., 2001) in-
teract with and regulate the activities of EAAC1 and EAAT4,
respectively. In the present study, we describe a novel interaction
between the glutamate transporter EAAC1 and PKC�. Although
we have evidence that PKC� activation may be required for
EAAC1 redistribution (González et al., 2002), at present it is not
clear how this interaction might regulate EAAC1 trafficking. Be-
cause most cell types express multiple PKC subtypes, it is possible
that the interaction simply permits specific regulation of EAAC1
by PKC�. It is also possible that the interaction may alter the rate
of recycling and stabilize EAAC1 at the cell membrane. Finally,
more complicated models are suggested by the observation that
PKC� activation alters both the redistribution of �1-integrin to
the cell surface and its endocytosis, with both effects apparently
dependent on PKC�–�1-integrin association (Ng et al., 1999).

Activation of PKC� has also been implicated in the regulation of
cell surface levels of AMPA receptors containing the GluR2 subunit.
After PMA application, activated PKC� is directed to neuronal
spines in which GluR2-containing AMPA receptors are located.
Here, PKC� and GluR2 interact and AMPA receptors are internal-
ized after phosphorylation. A reduction in the number of postsyn-
aptic AMPA receptors has been implicated as one of the crucial fac-
tors for the induction of long-term depression (Barry and Ziff, 2002;
Malinow and Malenka, 2002). In hippocampus, GluR2 and EAAC1
are present in the dendritic membranes. Although EAAC1 is not
intermixed with GluR2, it is present perisynaptically, immediately
outside the synaptic specialization ideally located to restrict the ac-
tion of glutamate within the precise site of synaptic communication
(He et al., 2000). In fact, these transporters are thought to limit the
“spillover” between synapses in area CA1 of the hippocampus (Di-
amond, 2001), and regulation of glutamate transporters has been
implicated in long-term potentiation and long-term depression
(Brasnjo and Otis, 2001; Levenson et al., 2001). These observations
raise the possibility that concerted regulation of receptors and trans-
porters may be a necessary step for the induction of synaptic plastic-
ity. Because activation of the same signaling molecule promotes the
redistribution of both GluR2-containing AMPA receptors and the
neuronal transporter EAAC1, it is possible that coordinate regula-
tion of transporters and receptors may be required to trigger synap-
tic plasticity.
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