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The plasma membrane Ca®* ATPase (PMCA) is responsible for maintaining basal intracellular Ca®* con-
centration ([Ca%*];) and returning small increases in [Ca*]; back to resting levels. The carboxyl terminus
of some PMCA splice variants bind Homer proteins; how binding affects PMCA function is unknown.
Here, we examined the effects of altered expression of Homer proteins on PMCA-mediated Ca®* clearance

Keywords: from rat hippocampal neurons in culture. The kinetics of PMCA-mediated recovery from the [Ca®'];
;&rng increase evoked by a brief train of action potentials was determined in the soma of single neurons using
PDZ domain indo-1-based photometry. Exogenous expression of Homer 1a, Homer 1c or Homer 2a did not affect

PMCA function. However, shRNA mediated knockdown of Homer 1 slowed PMCA mediated Ca®* clear-
ance by 28% relative to cells expressing non-silencing shRNA. The slowed recovery rate in cells expressing
Homer 1 shRNA was reversed by expression of a short Homer 2 truncation mutant. These results indicate
that constitutively expressed Homer proteins tonically stimulate PMCA function in hippocampal neurons.
We propose a model in which binding of short or long Homer proteins to the carboxyl terminus of the
PMCA stimulates Ca®* clearance rate. PMCA-mediated Ca®* clearance may be stimulated following incor-
poration of the pump into Homer organized signaling domains and following induction of the Homer 1a

Ca* signaling
Hippocampal neuron

immediate early gene.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

In neurons, the intracellular Ca?" concentration ([Ca%'];)
regulates processes ranging from neurotransmitter release and
excitability [1,2] to gene expression and cell death [3]. Thus,
neurons have an elaborate system to regulate [Ca%*]; that includes
influx, sequestration and efflux pathways [4,5]. The interplay of
these processes shapes the amplitude, duration and subcellular
localization of transient increases in [Ca®*]; to provide specificity
to Ca* signals [6]. There are two mechanisms to extrude Ca®* from
the cell, the low affinity Na*/Ca?* exchanger and the high affinity
plasma membrane Ca?* ATPase (PMCA). The PMCA is responsible
for maintaining basal [Ca?']; and returning small increases in
[Ca®*]; back to resting levels [7,8].

PMCA-mediated Ca?" extrusion can be modulated by calmodu-
lin, kinases and proteases that affect the carboxyl terminus of the
pump [9]. The carboxyl tail of the PMCA contains an autoinhibitory
domain that binds to intracellular loops of the pump [10]. Treat-
ments that prevent this intramolecular interaction increase the
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Vmax and decrease the K., for Ca?* translocation [11]. Four genes
encode PMCA transcripts that can be alternatively spliced to create
an estimated 30 different isoforms [9]. Alternative splicing of the
carboxyl terminus encodes proteins with unique modulatory prop-
erties [9]. The carboxyl terminus of PMCA “b” splice variants
contain a PDZ binding domain [12]; these “b” isoforms bind pro-
teins with PDZ domains such as the Homer 1 protein Ania-3 [13].

The Homer family of proteins regulate cell structure and signal-
ing through their ability to form and regulate cellular scaffolds
[14]. All Homer isoforms contain an N terminus Ena/vasodilator-
stimulated phosphoprotein homology 1 (EVH-1) domain that
contains a PDZ domain capable of binding to Homer ligands such
as cell surface receptors, other scaffolding proteins and enzymes
involved in cell signaling cascades [15]. Long Homer isoforms have
a coiled-coil domain on the carboxyl terminus that binds to other
long Homer proteins to form a mesh-like scaffold [16]. Short
Homer isoforms lack the coiled-coil domain and thus act in a dom-
inant negative manner by binding to Homer ligands displacing
them from the Homer scaffold [16]. Homer proteins bind to
PMCAs, but how this binding affects PMCA function is not known.

Here, we tested the hypothesis that Homer proteins bind to
PMCAs expressed in hippocampal neurons and modulate pump
function. Knockdown of Homer 1 (H1) slowed PMCA mediated
Ca?* clearance in a manner reversed by expression of a short
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Homer 2 truncation mutant. These results suggest that binding to
Homer proteins is sufficient to accelerate PMCA function.

2. Materials and methods
2.1. Materials

Indo-1 acetoxymethyl ester (AM), Dulbecco’s Modified Eagle
Medium (DMEM), sera, and Pluronic F-127 were purchased from
Invitrogen (Carlsbad, CA). 6-Cyano-7-nitroquinoxaline-2,3,-dione
(CNQX) was purchased from Enzo Life Sciences (Farmingdale,
NY). All other reagents were purchased from Sigma (St. Louis, MO).

2.2. Primary neuronal cell culture

Rat hippocampal neurons were grown in primary culture as
described previously [17] with minor modifications. Maternal rats
were euthanized by CO, inhalation then E17 fetuses removed and
killed by decapitation. Hippocampi were dissected and placed in
Ca?* and Mg?*-free HEPES-buffered Hanks salt solution (HHSS),
pH 7.45. HHSS was composed of the following (in mM): HEPES
20, NaCl 137, CaCl, 1.3, MgS0,4 0.4, MgCl, 0.5, KCl 5.0, KH,PO,
0.4, Na,HPO4 0.6, NaHCO3 3.0 and glucose 5.6. Cells were dissoci-
ated by trituration through flame-narrowed Pasteur pipettes of
decreasing aperture in DMEM without glutamine, supplemented
with 10% fetal bovine serum and penicillin/streptomycin
(100 U mL~! and 100 pug mL™!, respectively). Dissociated cells then
were plated at a density of 70,000-100,000 cells/well onto 25 mm
round cover glasses that were coated with Matrigel (200 pL,
0.2 mg mL~!) (BD Biosciences, Billerica, MA). Neurons were grown
in an atmosphere of 10% CO, and 90% air (pH 7.4) at 37 °C, and fed
on days 1 and 6 in vitro by exchange of 75% of the media with
DMEM, supplemented with 10% horse serum and penicillin/
streptomycin.

2.3. [Ca®*]; Photometry

[Ca?*]; was recorded from the soma of single hippocampal neu-
rons using indo-1-based photometry with previously described
instrumentation [8]. Cells were incubated with 4 pM indo-1 AM
and 0.04% pluronic acid for 25-30 min at 37 °C in HHSS. After load-
ing with indo-1 the coverslip was washed with dye-free HHSS for
10min and mounted in a flow-through chamber (flow
rate = 1.5 mL/min). The chamber was placed on an inverted
epi-fluorescence microscope with a 70x objective (Leitz,
NA =1.15). Indo-1 was excited at 350 nm (10 nm bandpass) and
emission detected at 405 (20) and 495 (20) nm with a pair of pho-
tomultiplier tubes (Thorn, EMI) operating in photon-counting
mode.

[Ca?*]; was calculated using the equation [Ca®*]; = K4(R — Runin)/
(Rmax — R), where R is 405/495 nm fluorescent intensity ratio. The
dissociation constant (Ky) for indo-1 was 250 nM, and 8 was the
ratio of fluorescence emitted at 495 nm and measured in the
absence and presence of Ca%*. Rmin, Rmax, and g were determined
in intact cells by applying 10 uM ionomycin in Ca®*-free buffer
(1 mM EGTA) and saturating Ca®* (5 mM Ca?*). Values for Rmin,
Rimax, and g were 1.30, 10.87, and 3.16, respectively.

All experiments were performed in HHSS with 5 uM cyclopiaz-
onic acid (CPA) and 10 pM CNQX added to block the sarcoplasmic
or endoplasmic reticulum Ca?* ATPase (SERCA) and excitatory syn-
aptic transmission, respectively. Extracellular field stimulation was
used to evoke action potentials [18]. At 4 min intervals, a train of
voltage pulses (2 ms) was applied across platinum electrodes for
six seconds at a rate of 2-10 Hz with a Grass S44 stimulator and
stimulus isolation unit (Astro-Med).

2.4. DNA constructs and transfection

Expression plasmids for Homer 1a (H1a) and Homer 2a (H2a)
were previously described [17]. Expression plasmids for Homer 2
N-terminus (H2N) and Homer 1c (H1c) were kindly provided by
Paul F. Worley [19]. Knockdown of H1 was accomplished using
ShRNA expression vectors from Open Biosystems/Thermo Fisher
Scientific (Lafayette, CO). Effective knockdown was accomplished
by transfecting with 2 or 3 shRNA constructs for H1 [pLKO.1
vector; sense sequences (1) CCTGTCTATTATAGAAGGAAT, (2)
GCATGCAGTTACTGTATCTTA, (3) GACCCGAACACAAAGAAGAA]. To
control for non-specific effects, parallel transfections were per-
formed with equivalent amounts of an expression construct encod-
ing non-silencing shRNA (NS-shRNA) (Open Biosystems/Thermo
Fisher Scientific). All constructs were co-transfected with an
expression plasmid for GFP (pEGFP-C1, Clontech, Mountain View,
CA) or RFP (pTagRFP-N, Evrogen, Moscow, Russia). After 48 h,
transfected cells were identified by green [excitation = 480, emis-
sion = 540] or red fluorescence [excitation = 555, emission = 584].

Cells were transfected between days 10 and 14 in vitro using a
previously described calcium phosphate protocol [20]. Briefly, hip-
pocampal cultures were incubated for 20 min in DMEM supple-
mented with 1 mM kynurenic acid, 10 mM MgCl,, and 5 mM
HEPES, to reduce neurotoxicity. A DNA/calcium phosphate precip-
itate containing 1 pg total plasmid DNA per well was prepared, al-
lowed to form for 30 min at room temperature, and added to the
culture. After incubating for 90 min, cells were washed once with
DMEM supplemented with MgCl, and HEPES and then returned
to conditioned media, saved at the beginning of the procedure.
Transfected neurons were imaged 24-48 h post-transfection.
Transfection efficiency ranged from 1% to 5%.

Expression of H1c and H2a were confirmed using immunocyto-
chemistry as previously described [20]. Cells were fixed in ice-cold
methanol for 20 min at —20 °C. After blocking in phosphate buf-
fered saline containing 10% bovine serum albumin, cells were
incubated with either rabbit anti-Homer 1 (1:250) or goat anti-
Homer 2 polyclonal antibodies (1:250, Santa Cruz Biotech, Santa
Cruz, CA) followed by secondary antibodies conjugated to
tetramethylrhodamine.

2.5. Data analysis

Results are displayed as means + SE. Monoexponential decay
functions were fitted to the data using a nonlinear, least-squares
curve fitting algorithm (Origin 8.5 software). Evoked [Ca®'];
increases greater than 300 nM or less than 200 nM or for which
the correlation (1?) of the fitted curve was less than 0.8 were
excluded from analysis. Significance was determined using
Student’s ¢t test and ANOVA.

3. Results
3.1. H1 knockdown decreases PMCA-mediated [Ca®*]; clearance

Homer proteins bind to a PDZ-binding domain on the carboxyl
tail of b isoforms of the PMCA, but the effects of this interaction on
pump function are unknown [13]. To determine the effects of
Homer proteins on PMCA function in neurons, we used indo-1-
based photometry to measure the rate of PMCA-mediated Ca®*
clearance from the soma of rat hippocampal neurons in culture.
Three small [Ca?*]; increases (200-300 nM) were elicited by a brief
train of action potentials (6 s, 2-10 Hz) evoked by extracellular
field stimulation on 4 min intervals (Fig. 1A). CPA (5 uM) and CNQX
(10 uM) were present during all experiments to inhibit
SERCA-mediated Ca?* uptake into the endoplasmic reticulum and
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Fig. 1. Homer 1 knockdown decreases PMCA-mediated Ca®* clearance rate. (A)
Representative trace shows changes in [Ca%*]; recorded from the soma of a single rat
hippocampal neuron using indo-1-based photometry as described in Section 2.
Trains of action potentials were evoked using extracellular field stimulation (6 s,
6 Hz) at the times indicated (7). CPA (5uM) and CNQX (10 pM) were present
throughout the recording. (B) The first response in A, indicated by the horizontal
bar, is shown on an expanded time scale. The recovery of [Ca®*]; to basal levels was
fit with an exponential curve (heavy line). (C) Bar graph shows the average [Ca*'];
clearance rate in cells expressing H1-shRNA (n=21) and NS-shRNA (n =27). Data
are expressed as mean * SE. ***p < 0.001 relative to NS-shRNA, Student’s ¢ test. (D)
Digitally averaged traces show PMCA-mediated [Ca®*]; recovery kinetics for H1-
shRNA (n=21) and NS-shRNA (n =27) expressing cells. (E) Bar graph shows the
average basal and peak [Ca®']; for cells expressing H1-shRNA and NS-shRNA.
*p < 0.05 relative to NS-shRNA basal [Ca®*];, Student’s t test. Peak [Ca*]; were not
significantly different. Data are expressed as mean * SE.

excitatory synaptic transmission, respectively. We have previously
shown that [Ca?']; transients of this amplitude in the presence of
CPA return to basal levels by a process mediated by PMCAs and
are well described by a mono-exponential process (Fig. 1B) [7].
Thus, we used the average rate constant for recovery (k = 1/t) from
3 responses as an index of PMCA function.

The effects of Homer proteins on PMCA function were evalu-
ated using a knockdown approach. Neurons were transfected
with expression vectors for 3 shRNA constructs directed to H1
message (H1-shRNA) or a non-silencing construct (NS-shRNA).
Cells were co-transfected with an expression vector for RFP or
GFP to enable identification of transfected neurons. Thirty-six
hours after transfection, PMCA function was measured in fluores-
cent cells (Fig. 1C) expressing H1-shRNA or NS-shRNA. Cells
expressing H1-shRNA cleared [Ca®']; at a rate of 8.0 + 0.4 min~',
a 28% decrease relative to cells expressing NS-shRNA (p <0.001)
which recovered to basal [Ca?']; at a rate of 11.0+0.5 min~'
(Fig. 1C and D). Basal [Ca?']; in H1-shRNA expressing cells
(67 £3nM) was slightly elevated (p<0.05) compared to NS-
shRNA expressing cells (58 +3 nM; Fig. 1E). Peak [Ca®']; in H1-
shRNA expressing cells was not significantly different from cells
expressing NS-shRNA (Fig. 1E). Thus, decreased expression of
H1 slowed PMCA function.

3.2. Over expression of long or short Homer proteins does not alter
Ca?* clearance

Long Homer isoforms bind to each other via their coiled coil
domains to form scaffolds. In contrast, short Homer isoforms lack
a coiled coil domain and thus, bind to Homer ligands but do not
anchor them to the scaffold. Indeed, the short isoform H1a acts
in a dominant negative manner to uncouple Homer ligands from
the scaffold [16]. We next examined the effects of expression of
long and short Homer proteins on PMCA function. Neurons were
transfected with an expression construct for either a long form,
H1c or H2a, or a short form, H1a. Immunocytochemistry confirmed
increased H1lc and H2a expression in transfected cells. We have
previously shown that transfection of hippocampal neurons with
the H1la expression vector uncouples H1c-GFP puncta, consistent
with its expression and predicted dominant negative effects [17].
The rate of [Ca?*]; clearance was similar in cells expressing RFP
alone, H1c, H2a or H1a (Fig. 2). No significant differences were ob-
served in basal or peak [Ca®']; between the groups (data not
shown). When considered with the H1 knockdown experiment,
these results suggest that Homer binding to PMCA, possibly at
the PDZ binding domain on the carboxyl tail, is sufficient to accel-
erate PMCA kinetics because expression of H1a, which binds to the
PMCA and would uncouple it from the Homer scaffold, had no
effect of PMCA function.
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Fig. 2. Over-expression of long or short Homer proteins does not alter Ca%*
clearance. Bar graph shows the average [Ca®*]; clearance rate in cells expressing the
fluorescent marker protein (RFP or GFP, n = 19) alone or in combination with, H1a
(n=18), Hlc (n=13) or H2a (n=11). No significant differences were observed in
[Ca?*]; clearance rate. Data are expressed as mean = SE.
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3.3. Short H2N rescues PMCA mediated [Ca®*]; clearance rate following
H1 knockdown

To confirm that the slowed [Ca®']; clearance rate in H1-shRNA
expressing cells was due to the knockdown of H1 we designed a
rescue experiment. Based on sequence analysis, 2 of the 3
H1-shRNA constructs used in the preceding knockdown experi-
ments (Fig. 1) do not significantly react with Homer 2 message.
Thus, we first confirmed that transfecting with H1-shRNA con-
structs 1 and 2 (H1-shRNA;_,) was sufficient to slow PMCA medi-
ated Ca?* clearance. As shown in Fig. 3A, control cells expressing
H1-shRNA,, displayed significantly (p<0.01) slowed [Ca®'[;
recovery kinetics (8.7 +0.7 min~') relative to cells expressing
NS-shRNA (12.1 £0.8 min~'). For rescue experiments we co-
transfected H1-shRNA;., with a truncation mutant of H2a. H2N
lacks a carboxyl terminal coiled-coil domain and is analogous to
H1ain that it binds to Homer ligands but cannot bind to the Homer
scaffold [19]. Cells expressing NS-shRNA plus H2N cleared [Ca%*];
at a rate of 11.8 #1.0 min~' comparable to control NS-shRNA
expressing cells (Fig. 3A). Cells expressing H1-shRNA;_, plus H2N
cleared [Ca?']; at a rate of 10.6 + 0.6 min~', which was comparable
to cells expressing NS-shRNA plus H2N, and was significantly
faster than cells expressing H1-shRNA;_, alone (Fig. 3B; p <0.05).
Basal [Ca®']; differed between all four cell types while peak
[Ca?*]; was not significantly different (p<0.05; Fig. 3C). H2N
rescued PMCA function following H1 knockdown, confirming the
specificity of the H1-shRNA. This result also indicates that Homer
binding to PMCA is sufficient to accelerate Ca®" clearance and that
coupling to the Homer scaffold is not necessary for Homer medi-
ated acceleration of Ca®" clearance.

4. Discussion

PMCA mediated Ca?* clearance from hippocampal neurons was
accelerated in the presence of Homer proteins. Knockdown of H1
slowed the Ca?* clearance rate in a manner rescued by expression
of H2N. However, expression of exogenous long or short Homer
proteins failed to affect PMCA function. Thus, we conclude that
constitutively expressed Homer proteins tonically stimulate PMCA
function. Because H2N lacks a coiled coil domain, the rescue exper-
iment suggests that Homer binding to the PMCA is sufficient to
stimulate Ca?* clearance rate and that integrating into the Homer
scaffold is not required for the change in activity.

Homer proteins bind to the PDZ binding domain on the carboxyl
terminus of PMCA “b” splice variants [13]. Binding of Ca* calmod-
ulin to the carboxyl terminus stimulates PMCA function by pre-
venting an intramolecular interaction of the carboxyl terminal
autoinhibitory domain with a cytoplasmic loop of the PMCA. Thus,
our results are consistent with a model (Fig. 4) in which Homer
proteins bind to the carboxyl terminus of the PMCA preventing
intramolecular autoinhibition, resulting in accelerated Ca®* pump-
ing. An alternative explanation for slowed PMCA mediated Ca®*
clearance following H1 knockdown is reduced PMCA cell surface
expression resulting from impaired trafficking in the absence of
H1. Reduced trafficking of PMCAs to the cell surface has been de-
scribed following reduced expression of Na+/H+ exchanger regula-
tory factor 2 (NHERF-2), a protein that binds to the PDZ binding
domain on the carboxyl terminus of PMCA and forms a complex
with PMCA at the plasma membrane [21]. Our data do not support
membrane recruitment as a mechanism for Homer induced accel-
eration of PMCA function because the short Homer proteins, which
do not join the Homer scaffold, accelerated PMCA function in the
H1-shRNA expressing cells (H2N in Fig. 3) and failed to exert a
dominant negative effect in wild type cells (H1a in Fig. 2). A role
for Homer proteins in PMCA trafficking has not been demonstrated
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Fig. 3. Short Homer 2 N-terminus rescued [Ca®*]; clearance rate in H1-shRNA;_,
knockdown cells. (A) Bar graph shows the [Ca®*]; clearance rate in cells expressing
NS-shRNA (open bars) or H1-shRNA;_, (solid bars). Cells were transfected with
expression vectors for GFP (control) or GFP with H2N as indicated. Data (n > 17)
are expressed as mean +SE. *p<0.01 relative to control NS-shRNA; #p <0.05
relative to control H1-shRNA;_,, Student’s t test. (B) Digitally averaged traces show
PMCA-mediated [Ca®*]; recovery kinetics for H1-shRNA;_, (n = 18) and H1-shRNA_
2+H2 N (n=17) expressing cells. (C) Bar graph shows the average basal and peak
[Ca?*); for cells expressing the indicated constructs. ANOVA indicated that mean
basal [Ca®*]; was significantly different, but Tukey’s individual mean comparison
test did not reach significance (p<0.05). Peak [Ca®']; were not significantly
different. Data are expressed as mean + SE.

although, Homer proteins affect the trafficking of other membrane
proteins such as metabotropic glutamate receptors (mGIluRs) [22].



80 E.J. Salm, S.A. Thayer /Biochemical and Biophysical Research Communications 424 (2012) 76-81

A Inhibited
i nnn
in \7
NH
E PDZ
binding
é/ domain
COOH
B Activated

inonnn
NHJU !

Homer 1 blc \8/

PDZIEVH1
c Activated
outs, ™ ~
} [TRTIIIL
e Homer 2N

F
_E

Fig. 4. Schematic shows hypothetical interaction between Homer proteins and
PMCA. (A) PMCA in the absence of Homer proteins or other activators is auto-
inhibited by the binding of the carboxyl terminus to intracellular domains. (B) Auto-
inhibition of PMCA is prevented by the binding of long Homer proteins to the PDZ
binding domain, incorporating PMCA into a scaffold. (C) Short Homer proteins
prevent auto-inhibition of PMCA without forming a scaffold.

COOH

Homer 1b, a long form, reduced cell surface expression by retaining
mGIuR in the endoplasmic reticulum and Hla, a short form,
reversed this effect. Our results in which exogenous expression
of short or long Homer proteins failed to affect PMCA function
(Fig. 2) are not consistent with this type of trafficking effect for
PMCAs. Furthermore, the long Homer proteins are constitutively
expressed in hippocampal neurons, which, if long forms retained
PMCA in the endoplasmic reticulum, is inconsistent with the slo-
wed PMCA-mediated Ca®" clearance kinetics we observed in
H1-shRNA expressing cells. A trafficking effect would predict
opposing effects of short versus long Homer proteins; Homer med-
iated retention in subcellular compartments requires the coiled
coil domain and short Homer proteins act in a dominant negative
manner to prevent retention. Our results were similar for long
and short Homer proteins. Thus, we favor a model in which Homer
binding directly modulates PMCA activity.

While binding to the scaffold was not required for Homer-med-
iated acceleration of PMCA mediated Ca®* clearance, Ca** pumps
bound to the Homer meshwork would be predicted to have fast
Ca?* clearance kinetics. Thus, pumps would have increased activity
after appropriate targeting to Homer defined locations in the cell.
There is precedent for specialized Ca* signaling assemblies in cer-
ebellar Purkinje cells where Homer 1b/c co-localize with PMCA and
inositol trisphosphate receptors in sub-plasma membrane domains
[23]. If, as hypothesized, Homer binding to the PMCA interferes
with the interaction of the carboxyl terminus with the autoinhibi-

tory domain, then pumps bound to Homers would no longer be
sensitive to calmodulin or certain kinases. Thus, Homer binding
could force the pump into a sustained activated state occluding
modulation by other signals, including Ca?*. This prediction is con-
sistent with the small but significant increase in basal [Ca®']; ob-
served in cells expressing H1-shRNA.

In hippocampal neurons, PMCA regulation of [Ca“"]; affects syn-
aptic plasticity; higher PMCA expression levels in CA2 neurons
raise the threshold for the induction of long term potentiation
(LTP) relative to CA1 or CA3 neurons [24]. It is not presently known
whether “b” splice variants are participating in these functions
although “b” variants for all four PMCA transcripts are expressed
early in hippocampal development with expression of the “a” vari-
ants increasing during maturation [25]. Homer proteins exert
strong effects on several signaling pathways in synaptic spines
and Hla has been proposed to act as a synaptic tag to modulate
synaptic strength [26]. Perhaps Homer modulation of PMCA func-
tion is part of a coordinated change in Ca?* signaling properties
that sets the threshold for Ca%* dependent synaptic plasticity.

In conclusion, we have demonstrated that Homer proteins
accelerate PMCA mediated Ca?* clearance in hippocampal neurons.
These results provide a functional outcome for previously de-
scribed PMCA binding to Homer proteins. The finding that Homer
proteins modulate Ca®" efflux rate compliments previous work
describing effects on Ca?* influx and release [27]. We suggest that
incorporation of PMCA into multi-protein signaling cascades orga-
nized by Homer proteins will directly stimulate pump function in
addition to bringing the PMCA into close apposition to a Ca®*
source. Furthermore, LTP induction and exposure to drugs of abuse
alter the expression of Homer proteins, suggesting that changes in
[Ca?*]; clearance might account for some of the changes in cell sig-
naling associated with these stimuli [28,29].
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