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ABSTRACT

Homer 2 inter acts with Plasma M embrane Ca?" ATPase

and regulates Its Activity

in Mouse Parotid Gland Acinar Cells

Yang, Eun Ho
Department of Dental Science
The Graduate School, Yonsel University

(Directed by Professor Dong Min Shin)

The Homers are scaffold proteins and consist didarminal Ena/VASP
homology 1 (EVH) protein-binding domain and C-temali leucin
Zipper/coiled-coil domain. The EVH domain recogsizthe proline-rich
motifs (PPXXF, PPXF, and LPSSP) and binds man3/ €ignaling proteins
including G protein-coupled receptors (GPCRS), itobsl,4,5-triphosphate
(IP3) receptors (IERs), ryanodine receptors (RyRs), and TRP channels.

Therefore, Homers critically control €asignaling and thereby regulate

v



dendritic spine morphogenesis, remodeling of syespsand synaptic
clustering of CNS neurons, and lead to changeseirramal transcriptional
activity. However, their role in Gasignaling of non-neuronal cells is not
well known, except that Homer2 tunes GPCRs stimuhtensity by
regulating RGS proteins and PRGAP activities in pancreatic acinar cells.
In the present work, the role of Homer2 inCsignaling in parotid gland
acinar cells using Homef2mice was investigated with microfluororimeter,
immunofluoroscence, and co-immunoprecipitation. idd2rshowed polarized
luminal localization in these cells, but the deletbf Homer2 did not affect a
localization of IRRs or IRR channel activity. The protein expression level of
plasma membrane EaATPase (PMCA) was increased in Homér&hereas
sarco/endo plasmic reticulum TaATPase was not. Moreover, deletion of
Homer2 increased PMCA activity and co-immunopreatmn showed that
Homer2 interacted with PMCAs. These results sugipstHomer2 may play
an important role in regulation of PMCA expressimmd PMCA-mediated

Ccd" signaling in mouse parotid gland acinar cells.

Keywords: Homer2; Plasma membrane ZLaTPase; Proline-rich motif;

Parotid Gland Acinar Cells
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[.INTRODUCTION

Homers are scaffolding proteins that consists céghmembers, Homer 1,
Homer 2, and Homer 3, and several splice variaRtri et al., 2000;
Szumlinskiet al., 2006). Homers are composed of an EVH proteidibon
domain, a coiled-coil multimerization domain, aeddine zipper (Fagrt al.,
2002). The EVH domain is a protein-protein bindimgdule that recognizes

the proline-rich motifs PPXXF, PPXF, and LPSSP KBmaanet al., 1997,



Kato et al., 1998; Tuet al., 1998; Yuanet al., 2003), and binds the GPCR
MGIuUR1/5, canonical transient receptor potentidRFC) channels, inositol
1,4,5-triphosphate (HP receptors (IERs), ryanodine receptors, and the Shank
family of scaffolding proteins (Tt al., 1998; Xiaoet al., 1998; Tuet al.,
1999; Fenget al., 2002; Shiret al., 2003; Yuaret al., 2003). These binding
receptors are known to consist of a biochemical pmment in receptor-
mediated CH signaling.

Intracellular C& is a common second messenger which has close
relationships to fertilization, muscle contractiomeurotransmitter release,
exocytosis, learning and memory (Berridgel., 2003). Especially, there is a
close connection between GPCRs antl Gignaling in parotid acinar cell and
these cells also represent an excellent modelmaystd only for the study of
Ccd" signaling in general but also to investigate citafis between cAMP and
Ccd" signaling (Brini & Carafoli, 2000). Carelease from the endoplasmic
reticulum (ER) leads to activation of store-opetat@g’ channels in the

plasma membrane, and Laelease and influx increase the intracellulaf*Ca



concentration ([CZ];). Subsequently, the plasma membrané* GdPase
(PMCA) and sarco/endoplasmic reticulum?*CATPase (SERCA) removes
Cd&" from the cytosol to reduce &atoward resting levels until [G8;
stabilizes at a plateau (Kiselyost al., 2003). Several previous reports
demonstrated that raising cCAMP potentiate$*Galease from intracellular
Ccd" through PKA-mediated phosphorylation of®® and enhances the rate
of C&" clearance by complex modulation of PMCA activityparotid acinar
cells (Bruceet al., 2002a; Bruceet al., 2002b). Specially, HRs, which
include proline-rich sequence, can be bound to H@nateins. Accordingly,

it is possible that Homer proteins has regulatdeces for C&" signaling in
cells. However, their role in Gasignaling of non-neuronal cells is not well
known. Therefore, in the present work, the role nattions of Homer 2 in
Ccd" signaling using parotid acinar cells from wild-&/pWT) and Homer 2

mutant (Homer 2) mice was investigated.



[I.MATERIALSAND METHODS

1. Animals
Wild-type (WT) and Homer 2 mutant (Homef)2mice have been previously
described (Shiwt al., 2003). Homer 2 mice have a normal life span similar
to WT littermates. All animal protocols were perfad according to

institutional guidelines.

2. Preparation of parotid acinar cellsfrom WT and Homer 27

WT (25-28g) and Homer "2 (25-28g) mice were sacrificed by cervical
dislocation. The cells were prepared from the pasosf WT and Homer 2
mice by limited collagenase digestion as previoutdgcribed (Zengt al.,
1997). Afterisolation, the acinar cells were resuspended irxdracellular
physiologic salt solution (PSS), the compositionaiich was as follows (in
mM): 140 NaCl, 5 KCI, 1 MgGl| 1 CaC}, 10 HEPES, and 10 glucose,

adjusted to pH 7.4 with NaOH. The osmolality of #adracellular solution



(measured with a FISKE 110 osmometer), was 310 mOsm

3. Measurement of intracellular calcium concentration ([Ca?;)

Cells, which were from both types, were incubated 40 min in PSS
containing 5uM Fura-2/AM (Teflabs Inc., Austin, TX) with pluroniF-127
to enhance dye loading. Changes in’[;avere measured by means of Fura-2
fluorescence, with excitation wavelengths of 34@ &880 nm, and an
emission wavelength of 510 nm at room temperatuBackground
fluorescence was subtracted from the raw signalseath excitation
wavelength before calculating the fluorescenceorats follows: Ratio =
Fs.oFsse. The emitted fluorescence was monitored with a CCibnera
(Photon Technology International Inc., LawrenceyilNJ) attached to an
inverted microscope. Fluorescence images werermaat 2 s intervals. All

data are presented as means + SEM.



4. Immunocytochemistry
The immunostaining procedure was described prelid@hin et al., 2003).
In brief, cells from WT and Homer'2mice attached to glass coverslips were
fixed and permeabilized with 0.5 ml of cold methlafts 10 min at —2CC.
After removal of methanol, the cells were fixedwdt% formaldehyde for 20
min at room temperature, followed by permeabil@ativith 0.05 % Triton X-
100. After removal of methanol or Triton X-100, tbells were washed with
PBS and incubated in 0.5 ml of PBS containing 50 gijtine for 10 min at
room temperature. This buffer was aspirated andntrespecific sites were
blocked by 1-h incubation at room temperature wit25 ml of PBS
containing 5% goat serum, 1% BSA, and 0.1% geldtiacking medium).
The medium was aspirated and replaced withub®f blocking medium
containing control serum or a 1:50 dilution of Admast Homer 2, or a 1:100
dilution of Abs against IfR1, 2, or 3. After incubation with the primary Ab
overnight at 4 and three washes with the incubation buffer (same

blocking buffer, but with serum), the Abs were d&td with goat anti-rabbit



or anti-mouse IgG tagged with fluorescein or rhouem Images were
collected with a confocal LSM 510 laser scanningcroscope (Zeiss,

Gottingen, Germany).

5. Western blot

Protein extracts were prepared by parotid acinhfi¢/T and Homer 2 mice
as follows. Pure acinar cells were washed withce PBS and then
resuspended in lysis buffer containing (in mM): 184Cl, 10 Tris (pH 7.8
with HCI), 1 EDTA, 1% NP-40, and 0.1% SDS. Proteasd phosphatase
inhibitors were added to the lysis buffer contagniin mM): 2 NavVO,, 10
NaF, 10 pg/ml aprotinin, 10pg/ml leupeptine, and 1@g/ml PMSF. The
samples were then centrifuged at 12,000 rpm fanR0at 4C, and separated
by SDS-PAGE. Proteins were probed with a 1:500tidiluof Ab against
SERCAZ2b; 1:2000 dilution of Abs againstf, 2, and 3; and 1:200 dilution

of Ab against PMCA.



6. Co-immunoprecipitation

The co-immunoprecipitation procedure was modifiedrf Shinet al. (2000).

Parotid microsomes of WT mice were prepared by lgamizing a minced

parotid in a buffer containing (in mM): 20 Mops,®5ucrose, 1 EDTA, 1

MgCl,, 10 benzamidine, and 0.2 PMSF, pH-adjusted towétii KOH. The

homogenate was centrifuged at 1,200 rpm for 10 five supernatant was

collected and centrifuged at 1,800 rpm for 10 nird&. The pellet was

resuspended in the same buffer while avoiding sigpe of the hard, white-

colored granular fraction in the bottom of the tudéhen needed, the fraction

enriched in secretory granules was collected indgamnization buffer into a

separate tube. To avoid protein degradation bystiigge enzymes, IP was

initiated immediately after completion of microsdnmeparation. Parotid

microsomes were extracted by a 1-h incubation am with a buffer

containing (in mM): 50 Tris (pH 6.8 with HCI), 13aCl, 3 EDTA, 2 EGTA,

and 0.5 % Triton X-100 supplemented with proteasgbitors (0.2 mM

PMSF, 10ug/ml leupeptin, 15ug/ml aprotinin, 1 mM benzamidine). The



lysate was cleared by centrifugation at 7,000 rpnilD min. About 30Qu of

the extract was further incubated with di5of Sepharose A beads for 1 h at

4°C and centrifuged for 2 min at 7,000 rpm to remdwe beads. The cleared

supernatant was incubated witlp/5anti-PMCA, or 5ul anti-Homer 2 Abs for

30 min before addition of 3Ql Sepharose A beads and an overnight

incubation at &~ under gentle agitation. The beads were washedtifives

with 0.8 ml lysis buffer and stripped of proteing lioiling in a 50ul of SDS

sample buffer. To test the effect of the actin slgdeton on the binding of the

Homer 2 and PMCA, buffer or 20g/ml of the NH2-terminal fragment of

gelsolin was added to equal portions of beads #ftesecond wash. After 20-

min incubation at £, the beads were washed three times with lysisebuff

and the proteins remaining attached to the beads reeased by boiling in a

sample buffer. Released proteins were separatad IBDS-PAGE using 7.5%

polyacrylamide gels. The separated proteins wesesterred to 0.2um

polyvinylidene difluoride membranes, and the membsawere blocked by a

1-h incubation at room temperature in 5% nonfat dk in a solution



containing 150 mM NacCl, 20 mM Tris (pH 7.5 with HCand 0.05% Tween
20 (TTBS). The Homer 2 and PMCA were detected fiy2-h incubation of

individual membranes with the respective Abs didlite TTBS.

7. Measurement of extracellualr calcium concentration ([Ca?"],)

To measure directly the rate of Caefflux by PMCA, | measured the
appearance of Gain the external medium using the procedure madifiem
Zhanget al. (1992). Intact parotid acini were washed oncethad suspended
in medium containing (in mM): 120 KCI, 20 NaCl, flucose, 0.002 free
acid fura-2/AM, and 10 HEPES, pH-adjusted to 7.4hwkKOH. After
initiation of fluorescence recording, 7,81 EGTA was added to reduce the
extracellular C& concentration to ~100 nM. After establishing adtiag leak
for ~1 min, the cells were stimulated with 1 mM lwachol. At the end of
experiment, the signals were calibrated simply tglimg 1 mM CaGl and
then 1 mM MnCJ to the medium as previously described (Zhang & l\dug

1992).

10



8. Measurement of Ca®* uptake and release from internal stores
IP;-mediated CH release from internal stores was measured in SLO-
permeabilized cells as described before éKal., 1996). Cells washed with a
high K', Chelax-treated medium were added to the sameumeddntaining
an ATP regeneration system (comprised of 3 mM AA'BM MgCl, 10 mM
creatine phosphate, and 5 U/ml creatine kinasepcétail of mitochondrial
inhibitors, 2puM Fluo3 and 3 mg/ml SLO (Difco). In this mediumegtkells
were almost instantaneously permeabilized so tl#t @ptake into the ER
could be measured immediately. Uptake of‘Gato the ER was allowed to
continue until medium [CG4 was stabilized. Then JPwas added in
increasing concentrations to measure the exten€af release and the

potency of IRin mobilizing C&" from the ER.

9. Data analysis and statistics
All numeric values are represented as the meak +THe statistical

significance of the data was determined using Stt&lenpaired-test.

11



Statistical significance was setpat 0.05 level.
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1. RESULTS

1. Deletion of Homer 2 does not affect polarized expression of |PsRs and
| Ps-mediated Ca®' release.

The mGIuRs and its related receptors are well knaoknan targeting and
binding receptors with Homer proteins (€ual., 1998; Yuanet al., 2003).
Therefore, | first examined the localization angression of Homer 2 and
IPsRs in parotid acinar cells of wild-type (WT) and Her 2" mice. In WT
mice, the immunoreactivity of Homer 2 andR8 was primary observed in
the apical pole of parotid acinar cells, whereas iinmunoreactivity did not
affect expression and localization of anyRRsoform except for Homer 2 in
Homer 2" mice (Fig. 1). | next examined whether a lack @inér 2 affects
activity of IP,Rs that regulate the €acontent in the stores by the
concentration of 1P and [Cé*]i (Xu et al., 1996; Throweret al., 2001).
Parotid acinar cells of WT and Homef Znice are fully permeabilized to

SLO within 10-15 sec and reduced fGaf the incubation medium to the 50-

13



80 nM range within 2 min of incubation at 37. Addition of increasing
concentrations of YPand the muscarinic agonist carbachol resultechin t
same potency of [G§ increase from stores of SLO-permeabilized WT and
Homer 2" cells (Fig. 2A-B). Thus, no compensatory effecldicalization and

activity of IP,Rs were observed in Homef 2nice.

2. Level of PMCA is sdlectively increased in the parotid acini of Homer 2"
mice
To establish whether expression of?Camansporters is normal in Homet 2
mice, | examined protein expression by Westerrtiblptusing parotid acinar
cells from WT and Homer ™2 mice. The expression level of PMCA was
significantly increased to 2.5 + 0.1-fold of WT ktomer 2° mice fi = 4,p <
0.001, Fig. 3). However, there was no significahirge to SERCAZ2b
between WT and Homer'2mice (1.2 + 0.2 fold of WTn = 4,p = 0.4). The
results in Fig. 1 and Fig. 2 suggest that lack ofridr 2 has no effect on

expression and activity of 4Rs. Similarly, the levels of §Rs were

14



Homer 2

IP,R1

IP,R2

IP,R3

Fig. 1. Localization of Homer2 and I P receptorsin parotid gland acinar
cellsfrom WT and Homer 27 cells.

Parotid acini from WT and Homef 2mice were stained for Homer 2 5,
IP;R2, and IRR3. Note lack of effect of Homer 2 deletion on eegzion and

localization of the IERS.
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A, Cells from WT and Homer 2 mice were permeabilized with SLO and
allowed to reduce [Cfai of the incubation medium to ~75 nM. Next,*Ca
release was measured by adding increasing contiengraf IR (arrows of
solid lines) and carbachol (arrows of dashed linBsummarizes the results
obtained in the experiment with cells prepared figanh of WT (solid lines)

and Homer 2 (dashed lines) mouse. The results were expresstteanean

+S.E.
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unaffected in Homer™cells f = 4, data not shown). These finding suggest
that Homer 2 has effect on the®aignaling by changing of component that

transports C& into and out of the cytosol.

3. Therates of [Ca?] efflux areincreased in Homer 27 cells.

The major routes for Gaclearance in non-excitable cells, such as parotid
acinar cells, are believed to beZCaptake into the ER by the SERCA,Xa
efflux across the plasma membrane by the PMCA, @&d uptake into
mitochondria (Bruceet al., 2002b; Gorret al., 2005; Homanret al., 2006).
The results in Fig. 2B and Fig. 3 suggest that tabeleof Homer 2 has
unaffected on expression and activity of SERCA.réfure, | measured the
change of [C4], at low external C& concentration during stimulation with 1
mM carbachol. As shown in Fig. 4A, [ER was significantly increased by
carbachol in both cell types and the change of |[¢in Homer 2 cells was
approximately 1.5-fold more abundant than in Wlsc@l = 4,p < 0.01, Fig.

4B). To examine the effect on the*Calearance by PMCA between WT and

17



Homer 2" mice, | performed the experiment following inhibit of SERCA
activity by 100uM CPA. The increase in [, reached a maximum and then
declined slowly to new steady state, representihglance of C4 efflux and
c&” influx. Exchange the external solution, additidnlomM carbachol and
10 uM atropine in C¥& free solution, evoked an immediate clearance 6t Ca
that was primarily because of the PMCA (Fig. 5Ahem, | compared with
slope of C&' clearance during the exchanged the external salii parotid
acinar cells of WT and Homer'2mice. Under these conditions, Homér 2
cells induced 1.5-fold increase in the slope of @earance (1.5 + 0.3-fold of
slope,n = 4,p < 0.05, Fig. 5B), indicating that the level of’Calearance due
to the increase can be responsible for the potamtiaf PMCA activity in the

Homer 2" mice.

4. Homer 2 isinteracted with PMCA in parotid acinar cells.

To identify the specificity of interaction betwed¢ime PMCA subtypes and

PPXXF motif which was interacted EVH domain of Homd investigated

18
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Fig. 3. Expression of Ca®" transportersin WT and Homer 27 cells.

A, The level of PMCA and SERCA2b were analyzed xtracts prepared
from parotid acini of four WT and four Homef 2mice. Expression was
analyzed by densitometry. B, Means of protein esgiomn levels between WT
and Homer 2 cells. Expression level was significantly increhser PMCA,
except SERCA2b in Homer' Xells. Data were normalized to the expression
level in cells of WT mice and expressed as the me&E. *** p < 0.001

(compared with WT).
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Fig. 4. Plasma membrane Ca?" ATPase activity in WT and Homer 2"
cells.

A, The parotid acinar cells of WT and Homér fice were exposed to 1 mM
carbachol while measuring [€h. Homer 2" cells increased the rate of
[Ca®"], to @ maximal state more activated by PMCA thafsdgdm WT mice.
Similar results were obtained using cells prepdrech four WT and four
Homer 2" mice. B, An average rate of [ER was significantly increased in

Homer 2" cells and data were expressed as the mean + S.E.
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amino-acid sequences (Fig. 6). The amino-termitad8 residues of PMCA

subtypes are identical to the PPXXF motif. Thidiing suggests that Homer

2 has an interaction with PMCA subtypes. | thenm@rad whether Homer 2

selectively binds to PMCA in parotid acinar celf8/¢T mice using arn vivo

co-immunoprecipitation assay. After cell lysates rave prepared,

immunoprecipitated with anti-PMCA antibodies, andubsequently

immunoblotted with anti-Homer 2 antibodies. As shaw left of Fig. 7, the

PMCA was able to bind to endogenous Homer 2 (lefig. 7, fourth lane),

whereas no signal was detected from antibodiestneated cellsthird lanes).

When co-immunoprecipitation assay was performedewverse with anti-

Homer 2 antibodies followed by immunoblotting withti-PMCA antibodies,

the result was the same (right of Fig.faurth lane). These results strongly

suggest that the Homer 2 is associated (directlingirectly) with PMCA

subtypes.
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Fig.5. Characterization of Ca® signalingin WT and Homer 2" cells.

A, [C&"]; of parotid acini of four WT and four Home¥ 2Znice were elevated
by 1 mM carbachol and inhibition of SERCA with 100 CPA. The increase
in [C&"]; maximum and then declined to a new steady stafeesenting a
balance of C& efflux and C& influx. C&" clearance was initiated by
removal of external Gaand addition of 1M atropine. B, An average of
Cd" clearance rate was significantly increased in Hofecells. Data were
normalized to the fold of slope in cells of WT mied expressed as the mean

+ S.E. *p<0.05, *p < 0.01 (compared with WT).

22



PMCA 1 MGDMANNSVAYSGVKNSLKEANHDGDFG | TLAELRALMELRSTDALRK IQESYGDVYGIC
PMCA 2  MGDMTNS——DFYSK—-NQRNESSHGGEF GCSMEEL RSLMELRGTEAVVK IKETYGDTESIC
PMCA 3  MGDMANSS | EFHPKPQQQREVPHVGGFGCTL AEL RSLMEL RGAEAL QK | QEAYGDVSGLC
PMCA 4  ———MTNP—-PGQSVSANTVAESHEGEFGCTLMDLRKLMEL RGADAVAQ| SAHYGGVQE | C
PPXXF = e e e e e e e e e

PMCA 1 TKLKTSPNEGLSGNPADLERREAVFGKNF | PPKKPKTFLQLVWEALQDVTL I ILETAATV
PMCA 2 RRLKTSPVEGLPGTAPDLEKRKQ | FGQNF | PPKKPKTFLQLVWEALQDVTL I ILETAATL |
PMCA 3 RRLKTSPTEGLADNTNDLEKRRQ | YGQNF | PPKQPKTFLAQLVWEALQDVTL I ILEVAAIV
PMCA 4 TRLKTSP | EGLSGNPADLEKRRLVFGKNV I PPKRPKTFLELVWEALQDVTL 1 ILETAAL I

PPXXF PPXX F
*k *

PMCA 1  SLGLSFYQPPEGDNALCGEVSVGEE-EGEGETGWIEGAA | LLSVVCVVL VTAFNDWSKEK
PMCA 2  SLGLSFYHPPGESNEGCATAQGGAEDEGEAEAGW I EGAA | LLSV I CVVLVTAFNDWSKEK
PMCA 3  SLGLSFYAPPGEESEACGNVSGGAEDEGEAEAGW I EGAA | LLSV I CVVLVTAFNDWSKEK
PMCA 4  SLVLSFYRPPGGDNE | CGH|ASSPEEEEEGETGWIEGAA I LASV I | VVLVTAFNDWSKEK
PPXXF

Fig. 6. Alignment of PM CAs with proline-rich motif, PPXXF, interacting
with EVH domain of Homers.

Amino-acid sequence of mouse PMCA subtypes wegnedi and compared
with proline-rich motif, PPXXF, which was interadtevith EVH domain of
Homers. Colored sequences (red) indicate areasmiriosacid similarity

between PMCA subtypes and PPXXF motif.
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IP: PMCA IP: Homer 2

Input OnlyAb  -Ab Input OnlyAb  -Ab

Homer 2

PMCA

Fig. 7. Co-immunoprecipitation between Homer 2 and PM CA.

The interaction between PMCA and Homer 2 were coimoprecipitated
(IP) using cell lysates, which were prepared fromnogid acini of four WT
mice. Left panel showed IP of PMCA and probing for Homer 2, amght
panel showed IP of Homer 2 and probing for PMCA. In ¥periments, Input
donated extract samples used for Western blot, @blydonated control IP
using Ab without extract in the IP reaction, —Abndted control IP using
extract without Ab in the IP reaction, and +Ab dmhIP using extract and

Ab in the IP reaction.
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V. DISCUSSION

In the present study | demonstrated a novel interadetween the EVH
domain of Homer 2 and proline-rich motif of PMCAng parotid acinar cells
of Homer 2-deficient mice and provided firm evidenn support of a critical
role for Homer 2 in PMCA-mediated Easignaling using several assays.

Based on the previous reports concerning the modittacture of Homer
proteins in CNS, Homer proteins have ability tocbihe GPCR receptors
such as mGIuR1/5 andsRs, and act as scaffolding proteins to assemblé Ca
signaling complexes in cellular microdomains (Kataal., 1998; Tu et al.,
1998; Xiaoet al., 1998; Kammermeieet al., 2000; Fagniet al., 2002). |,
therefore, hypothesized that there is also a fanatirelationship through the
interaction between Homer 2 and;R8 in exocrine cells. First, | found that
Homer 2 and IfRs were expressed in the apical pole of parotidaaiaiells
using immunocytochemistry. In a variety of exocraadls, the apical region is

regarded as the “trigger zone” from which?Oaaves are initiated (Leet al.,
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1997b; Tojyoet al.,, 1997). Therefore, the apical region seems ra&ativ
abundance of Carelease channels and/or expression of the mositisen
channels. Immunocytochemical studies have repdhadthe extrame apical
region is highly enriched in all §R types (Takemuret al., 1999; Zhangt al.,
1999; Shinet al., 2003). However, | also found that deletion of Hword has
no effect on expression of any;®Pisoform by measurement of Caiptake
and release from internal stores. The only effbseoved is increased PMCA
protein expression in parotid acinar cells of HorBateficient mice. These
Homer 2 effects were originally reported in pantieacinar cells by Shin
and his collaborators, but they observed increaseSERCA2b protein
expression and activity in pancreatic acini andrbi Homer 2-deficient
mice (Shinet al., 2003). It might be possible for Homer 2 to plajes via
interactions with several proteins such as PMCAS&RCA2b that are
modulated by the activation of Eaignaling system.

Second, measurements of PMCA activity and co-immuegpitation

binding assays confirmed that Homer 2 is interactéth PMCA and
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increased rate of [¢4; clearance by PMCA in parotid acinar cells of Homer
2-deficient mice. The PMCA is a ubiquitously exmed P-type ATPase with

a high affinity for C&" and has been thought to be the major mechanism for
the maintenance of resting [€g (Monteith et al., 1998; Kiselyovet al.,
2003). The PMCA consists of four members, PMCA WA 2, PMCA 3,
and PMCA 4, and PMCA isoforms (PMCA 1, 2, and feesally PMCA 2)
are expressed in apical region of parotid and suadibalar gland cells
(Homann et al., 2006). Furthermore, PMCA and SERCAZ2a are highly
expressed in the apical region, while SERCA2b istijoexpressed in the
basal pole and basolateral region in salivary gkamd pancreatic acinar cells
(Lee et al., 1997a). Therefore, it is possible that the Ho@eén the apical
region of parotid acinar cells is physically asatmil with PMCA and
potentially allowing for functional modulation be#en the proteins in €a
signaling by GPCRs. Sgambato-Fauateal. (2006), recently, reported that
endogenous Ania-3, a member of the Homer 1 faraitg Homer 1 are co-

expressed with PMCAs, especially PMCA 2 in the samd dendrites of rat
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hippocampal neurons. Similarlyy, PMCA 2 significgntdecreases the
expression levels of mGIuR1, s®1, and Homer proteins (Homer 1lb/c and
Homer 3) in cerebellar Purkinje neurons of PMCAiceht mice (Kurnellas
et al., 2007). It might be possible that Homer 2 crodls-tgith IPs;Rs-
mediated C# signaling via regulation of PMCA, serving as thasils for its
negative regulator effect. This study provides aehanodular model in Ca
signaling for examining the role and functions obrikr 2 in the non-

neuronal exocrine cells.

28



V. REFERENCES

Berridge MJ, Bootman MD & Roderick HL. Calcium saling: dynamics,
homeostasis and remaodelling. Nat Rev Mol Cell Blad24:517-529.

Brakeman PR, Lanahan AA, O'Brien R, Roche K, Ba@&sHuganir RL &
Worley PF. Homer: a protein that selectively bimdetabotropic glutamate
receptors. Nature 1997,;386:284-288.

Brini M & Carafoli E. Calcium signalling: a hist@al account, recent
developments and future perspectives. Cell Mol Bé&2000;57:354-370.

Bruce JI, Shuttleworth TJ, Giovannucci DR & Yule. Bhosphorylation of
inositol 1,4,5-trisphosphate receptors in paroticha cells. A mechanism for
the synergistic effects of cAMP on Tasignaling. J Biol Chem
2002a;277:1340-1348.

Bruce JI, Yule DI & Shuttleworth TJ. €adependent protein kinase--a
modulation of the plasma membrane*GATPase in parotid acinar cells. J
Biol Chem 2002b;277:48172-48181.

Fagni L, Chavis P, Ango F & Bockaert J. Complexerattions between
mGIuRs, intracellular GA stores and ion channels in neurons. Trends
Neurosci 2000;23:80-88.

Fagni L, Worley PF & Ango F. (2002). Homer as bahscaffold and
transduction molecule. Sci STKE 2002; RES.

Feng W, Tu J, Yang T, Vernon PS, Allen PD, Worléy&Pessah IN. Homer
regulates gain of ryanodine receptor type 1 chanosiplex. J Biol Chem

29



2002;277:44722-44730.

Gorr SU, Venkatesh SG & Darling DS. Parotid seagetpanules: crossroads
of secretory pathways and protein storage. J DeatZR05;84:500-509.

Homann V, Kinne-Saffran E, Arnold WH, Gaengler K&ne RK. Calcium
transport in human salivary glands: a proposed inofiealcium secretion
into saliva. Histochem Cell Biol 2006;125:583-591.

Kammermeier PJ, Xiao B, Tu JC, Worley PF & Ikeda $Rmer proteins
regulate coupling of group | metabotropic glutamateeptors to N-type
calcium and M-type potassium channels. J Neurd3@d20:7238-7245.

Kato A, Ozawa F, Saitoh Y, Fukazawa Y, Sugiyama Hhé&kuchi K. Novel
members of the Vesl/Homer family of PDZ proteinattbind metabotropic
glutamate receptors. J Biol Chem 1998;273:23969239

Kiselyov K, Shin DM & Muallem S. Signalling spediily in GPCR-
dependent Casignalling. Cell Signal 2003;15:243-253.

Kurnellas MP, Lee AK, Li H, Deng L, Ehrlich DJ & lbes S. Molecular
alterations in the cerebellum of the plasma mendreaicium ATPase 2
(PMCAZ2)-null mouse indicate abnormalities in Pup&gimeurons. Mol Cell
Neurosci 2007;34:178-188.

Lee MG, Xu X, Zeng W, Diaz J, Kuo TH, Wuytack F, dymaekers L &
Muallem S. Polarized expression of Cpumps in pancreatic and salivary
gland cells. Role in initiation and propagation[6&°‘]; waves. J Biol Chem
1997a;272:15771-15776.

Lee MG, Xu X, Zeng W, Diaz J, Wojcikiewicz RJ, KudH, Wuytack F,
Racymaekers L & Muallem S. Polarized expressionCef* channels in

30



pancreatic and salivary gland cells. Correlatiothwiitiation and propagation
of [C&]; waves. J Biol Chem 1997b;272:15765-15770.

Monteith GR, Wanigasekara Y & Roufogalis BD. Theagmha membrane
calcium pump, its role and regulation: new comglesiand possibilities. J
Pharmacol Toxicol Methods 1998;40:183-190.

Sgambato-Faure V, Xiong Y, Berke JD, Hyman SE &elfer EE. The
Homer-1 protein Ania-3 interacts with the plasmambeane calcium pump.
Biochem Biophys Res Commun 2006;343:630-637.

Shin DM, Dehoff M, Luo X, Kang SH, Tu J, Nayak SRoss EM, Worley PF
& Muallem S. Homer 2 tunes G protein-coupled resepstimulus intensity
by regulating RGS proteins and PLCbeta GAP adtisitiJ Cell Biol
2003;162:293-303.

Shin DM, Zhao XS, Zeng W, Mozhayeva M & MuallemThe mammalian
Sec6/8 complex interacts with €asignaling complexes and regulates their
activity. J Cell Biol 2000;150:1101-1112.

Szumlinski KK, Kalivas PW & Worley PF. (2006). Homeproteins:
implications for neuropsychiatric disorders. Curr pi©® Neurobiol
2006;16:251-257.

Takemura H, Yamashina S & Segawa A. Millisecond haes of C&
initiation sites evoked by muscarinic receptor staion in exocrine acinar

cells. Biochem Biophys Res Commun 1999;259:656-660.

Thrower EC, Hagar RE & Ehrlich BE. Regulation o&(h,4,5)R receptor
isoforms by endogenous modulators. Trends Pharnse@001;22:580-586.

Tojyo Y, Tanimura A & Matsumoto Y. Imaging of intrellular C&* waves

31



induced by muscarinic receptor stimulation in ratgbid acinar cells. Cell
Calcium 1997;22:455-462.

Tu JC, Xiao B, Naishitt S, Yuan JP, Petralia R&Keman P, Doan A, Aakalu
VK, Lanahan AA, Sheng M & Worley PF. Coupling of to&/Homer and

PSD-95 complexes by the Shank family of postsysagénsity proteins.
Neuron 1999;23:583-592.

Tu JC, Xiao B, Yuan JP, Lanahan AA, Leoffert K,\j Linden DJ & Worley
PF. Homer binds a novel proline-rich motif and &nroup 1 metabotropic
glutamate receptors with jlreceptors. Neuron 1998;21:717-726.

Xiao B, Tu JC, Petralia RS, Yuan JP, Doan A, Bre@&, Ruggiero A,
Lanahan AA, Wenthold RJ & Worley PF. Homer regugatee association of
group 1 metabotropic glutamate receptors with maléint complexes of
homer-related, synaptic proteins. Neuron 1998;2L7156.

Xu X, Zeng W & Muallem S. Regulation of the inosiig4,5-trisphosphate-
activated C& channel by activation of G proteins. J Biol Chem
1996;271:11737-11744.

Yuan JP, Kiselyov K, Shin DM, Chen J, ShcheynikovKéng SH, Dehoff
MH, Schwarz MK, Seeburg PH, Muallem S & Worley Rfomer binds
TRPC family channels and is required for gating BPC1 by IR receptors.
Cell 2003;114:777-789.

Zeng W, Lee MG, Yan M, Diaz J, Benjamin I, MarinRCKopito R,

Freedman S, Cotton C, Muallem S & Thomas P. Immand functional

characterization of CFTR in submandibular and peetéc acinar and duct
cells. Am J Physiol 1997;273:C442-455.

Zhang BX & Muallem S. Feedback inhibition of Caelease by Ca s the

32



underlying mechanism of agonist-evoked intraceflul#* oscillations in
pancreatic acinar cells. J Biol Chem 1992;267:2438393.

Zhang BX, Zhao H, Loessberg P & Muallem S. Actiwatiof the plasma
membrane C& pump during agonist stimulation of pancreatic acinBiol
Chem 1992;267:15419-15425.

Zhang X, Wen J, Bidasee KR, Besch HR, Jr., Wojuikig RJ, Lee B &
Rubin RP. (1999). Ryanodine and inositol trisphesehreceptors are
differentially distributed and expressed in rat qpiak gland. Biochem J
1999;340 ( Pt 2):519-527.

33



H0
20
12

A olsld MEo|A MEd ZAHHIol Agsd
ZE4EE GHYEE ZHFE Homer2.

AANE ety A o) gt
23

A=RLF: A F W)

I EL AFdMolr o]EL& N-Elu] g Ena/VASP homology 1
(EVH) @43 Loy C-Euldol leucin zipper/coiled-coiled
THER FAH 9t EVH =1 2S proline-rich motif (PPXXF,
PPXF, 12]i LPSSPE <l4st=d ol S 6o A
&4, inositol 1,4,5-triphosphate (P <& A, ryanodine & A, TRP
T2 T Adsth mEbd, SHES AxY Zes dEste,
ole} &2 7S o] &3sted dendritic spingél FEIFA, A7l A
AFz=e] Wzx, AdNE FFANA APz HF, A AE9
A AAEY s& 2dEt a8y sHEY HAA
AZo el e & dEA A Foh v A DA EA
RGS @3} PLCBS] GAP ZAEE Zddle] G-umdA JN3E

zddte Bart s Eolth oo & dFedd= =9 Al

34



Al

Exe

o]-§-3ato] o] sHd Al A

BAE

2o

oA T

hya
s i

ojstd Al

btk

dolr iz}t 5

il

ol
=),

}7F gl Ax

Ll

ol =

AEA

A ol A

Al ol

EERE

<72

de

=12
=

I (PMCA)2]

=9

z

s Al o]g3} PMCA7L A=

|
=
w
=0
_ZU
a8r
B

ar A

Fo A

Al

o514

27

Az

d3} PMCA- 44 Z+

PMCA®] 12

o
O

o]

ol

o)

ol
op

%

El

file)

&+

ol
e
3r

A E

o)t

=3 3>
Ed g

35



	Contents
	ABSTRACT
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. Animals
	2. Preparation of parotid acinar cells from WT and Homer 2-/-
	3. Measurement of [Ca2+]i
	4. Immunocytochemistry
	5. Western blot
	6. Co-immunoprecipitation
	7. Measurement of [Ca2+]o
	8. Measurement of Ca2+ uptake and release from internal stores
	9. Data analysis and statistics

	III. RESULTS
	1. Deletion of Homer 2 does not affect polarized expression of IP 2+3Rs and IP3-mediated Ca release.
	2. Level of PMCA is selectively increase in the parotid acini of Homer 2-/- mice.
	3. The rates of [Ca2+] -/- efflux are increased in Homer 2 cells.
	4. Homer 2 is interacted with PMCA in parotid acinar cells. -

	IV. DISCUSSION
	V. REFERENCES
	VI. ABSTRACT (in Korean)

