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Regulatory mechanisms of the store-operated Ca’
entry through Orail and STIM1 by an adaptor protein in
non-excitable cells
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Store-operated Ca®* entry (SOCE) represents one of the major Ca®* entry routes in non-excitable cells. It is involved
in a variety of fundamental biological processes and the maintenance of Ca®* homeostasis. The Ca®* release-
activated Ca®* (CRAC) channel consists of stromal interaction molecule and Orai; however, the role and action of
Homer proteins as an adaptor protein to SOCE-mediated Ca”" signaling through the activation of CRAC channels in
non-excitable cells still remain unknown. In the present study, we investigated the role of Homer2 in the process of
Ca”" signaling induced by the interaction between CRACs and Homer2 proteins in non-excitable cells. The response
to Ca®* entry by thapsigargin-mediated Ca*" store depletion remarkably decreased in pancreatic acinar cells of
Homer2”™ mice, as compared to wild-type cells. It also showed critical differences in regulated patterns by the specific
blockers of SOCE in pancreatic acinar cells of Homer2™™ mice. The response to Ca®* entry by the depletion in Ca*
store markedly increased in the cellular overexpression of Orai1 and STIM1 as compared to the overexpression
of Homer2 in cells; however, this response was remarkably inhibited by the overexpression of Orai1, STIM1, and
Homer2. These results suggest that Homer2 has a critical role in the regulatory action of SOCE activity and the
interactions between CRAC channels.
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Introduction Eo] M2 W Z& ASE WHdte 7|1M2E MRS Za A ME Y
ME L 2t 2RI ME 52 2dd RXl 7IsS ME THIOIAM =3
MIE L) 24 0|22 O|X} MM EA QMK &, Mo ME 235} SHH1,2]. SOCEZ OH/H3H= Ca®* release—activated Ca”* (CRAC)
AN} 22 T|x MESHH 250 595 SEls HYSITE M|X LY =2 Orai X2} transient receptor potential canonical (TRPC)
Zt& =2([Ca?'])2l 7= 37| MEE 1= U(endoplasmic reticu— e 20| F XHEO| JHI|of| 20ISH= ER Z+& MIAMQ! stromal inter—
lum, ER) = ZSMZE 1= (sarcoplasmic reticulum) LHO{| X action molecule 1 (STIM1)C2 LHECH3-7]. MZELY Z& XPgI'_
e 20| WE1 gE % (plasma membrane)2 S8t MIELQ| Zs 7t 2ZE|H STIM12| STIM1 Orail-activating region (SOAR) &
Q19| = JIX|2 LI L} Store—operated Ca®* entry (SOCE)= Al OI Orai10fl Z%&l510] Orail el &g EFIst, STIM12] SOAR
LU s MEOQI ERS| ZE 110 Qs Al LUV JRA0| U= 0| TRPC 0= 217 Zgtolo] TRPC HE S TV |1H d=
& Aol QR0 Qs ME EE ZE0| U= F 250 2 &*R(electrostatlc interaction)0l| 2l 22| SRS EHSIAZICH
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TotaI[9], & ML 0z o$t STIM12t Ca,1.2 Aol MG
28 O{HE CH(adaptor protein)®! Homer10| E28 &Lt &
2= HE JACH10]. ESH inositol 1,4,5-triphosphate (IP;) =X
(IP;Rs)x= TRPC A St Zlot] g ZF5H=O[11], 0] 2o
M Homer10| ZH%E8 S=CH12].

O{EE| thul =O| SHLQl Homer T
Homer3Z 2F =Lt Homer TS N-ZTH0| Ena/VASP ho-
mology 1 (EVH1) T ZgF =H|QI0] =Xi5tH, 0] =ML L
g ZH3H= phospholipase C (PLC), IP; $8F|S, ryanodine 2
HE(RyRs) % Orai A, TRPC MESH Z&E MEsS 22 HHis
0l ZXH5H= PPXXFLE LPSSP7} IE8t= 2|7t=ot Z3ts! 2o
2 2K QUCH10,12-14]. 0|13t Homer THHHS AMZ MIZTOIA A
LA SMS RMGH= A|WHA CHEOZ XS AKX OM[13,15], 0|5
AHES Solf Ml 7HX[2| Homer HEiS0| Za AS ME7|H0NM M
2 OE A4gg #lot= 2402 HIE AL Homer12 TRPC &g
1} 1P, +8HS9| 28 Y CRAC A=l Orai G2 STIM19| 23
2 B ZE fUS ZHSITH12,14,16]. Homer2= HIEQ| MAZ
0l RGS (regulator of G-protein signaling) THeiat PLC2| GAP
(GTPase-activating protein) &4 &g; E4dll GPCR (G protein—
coupled recepton)£9| Z& A& QU X120 CHet Z=S ZEsHH,
Homer2 HHtii CRAC X2 E 7te| 45 283 Solf ME L &
SE XH kst SH17, 18] EESH Ol5Hd MMIZZOIA Homer2=
plasma membrane Ca**-ATPase (PMCA)Q} Z&t510] [Ca®']2 &=

OI'J_,_ OILUZIOtN| £H|2t 225t Zs M QEF X1=2o| UEE XTH

tCH19,20]. ZMIE 2351 S2F Homer12t Homer2= RyRS &
2+ 82H| E710f| 2JaH nuclear factor of activated T cells type
c1 (NFATe)-QIEH MS7|HE eMsIst[21], T HEet TSN
HZ0M Homer22t Homer3= calcineurint AZXO = NFATO| Z
Sioto] T Mo 2 H IFEMIE 23t 20| 2o{stih= 20| §45
NCH22-24]. O|ZA| Cryst A7 Zutol| = 7611, HISEH MO
M CRAC MIE2| 42 Sdli Ylish= & S0 Homer
81O 5t} 7| 501 CHolAM= OfT5| Bets| LM UKX| 4Lt 2 A
Oilkli Homer2 S%XF HAH(Homer2 ") OIRA 2 Homer2 DNA

0|25t0 HIZEM MZOA SOCEZ Df7Hot= CRAC M@=t
Homer2°| HAgs Sl Rte ds Ms ZEI|IT0M

AS X
Homer22| &&t2 L0tE 1K} GIRALE

2 Homer1, Homer2,
at
E

r9£ r°l'

Materials and Methods
1. M=
Fura-2-acetoxymethyl ester (Fura-2/AM)= Molecular

Probes (Eugene, OR, USA)0|Al bovine serum albumin (BSA)
Qt pyruvic acid= Amresco (Solon, OH, USA)OfIA FLI5HHOH,
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thapsigargin (Tg)2 Enzo Life Sciences (Farmingdale, NY, USA)
OllA FUBIFLE. 2-Aminoethoxydiphenyl borate (2APB)= Tocris
Bioscience (Bristol, UK)HIAl FI5tHS
soybean trypsin inhibitor, N-[2-hydroxyethyl] piperazine-N’
-[2-ethanesulfonic acid] (HEPES), gadolinium (Gd*) chloride,
I 1 2] N|YE2 Sigma

M, Collagenase type IV,

lanthanum (La*") chloride, D—glucose !
(St. Louis, MO, USA){IA TI5HICE,

L= (wild-type, WT)ZH Homer2/” DIRAL M3l 710 |
E/AMBEIAE HHSS(25-28 g)2 MESIUD[18-20], 2= &
S==2 SMHe XSt SEA0A 12A12F F/0F =8 7|2t
%"85._* 2k, 8T8 RARIHM Mzt 25 AR20| SSoHH Al]
. BE M2 SMiEiy MESE REIASI(ACUC 52 H
11)Q] 22|70l [t ZIYSIUCT

3. A MMIE Z2

A MME 2= SEAU0I= el (collagenase diges—
tion)S 0|&5t0] A&y :r101|*1 ABE YHE S50 HAISHAULC
[18-20]. 228 MZ= 42|AH=(140 mM NaCl, 5 mM KCI, 1
mM MgCl,, T mM CaCIz, 10 mM HEPES, 10 mM glucose, 310
mOsm, pH 7.4 with NaOH)0f| 0.1% BSA2t 0.02% soybean
trypsin inhibitor® &7t5t solution A0l H2 $ A& WX ¥
Off 225t

P

4. NZ 8 2 E2t=0|= DNA HZ FQ(transfection)

HEK293 M|Z(Korean Cell Line Bank, Korea)= 10% fetal bo-
vine serum (Invitrogen, Waltham, MA, USA)Zt 100 units/mL
penicillin/streptomycin0] SHZt ME B XU (Dulbecco’s modi-
fied Eagle’s medium, Invitrogen)2 A25t0{ 5% CO, MEIE &
XISHH MIE HH7|0flA] HHQFE|RACE. HHFE HEK293 M|Z= 1-5 x
10° MO MEZE 35-mm M|ZE HHY TA|0| HHSES 22 5
MH7H S07HX] 42 i at SH 20 FHISIICL Ch2 o, &
XO|E DNAE & FUS 2I6t skelEE (transfection reagent)?!
Lipofectamine 2000 (Invitrogen)Zt Opti-MEMS 50| 2t &
2IoH0] A=0iM 2027 RXISH = M| HIYUS MIISH0] IE =
38-48A|710| X[\t = ABH0H| ALESHALE.

In‘|

S m o2

5. [Ca”], =H

[Ca™2l HalE £X5t7| QI5t0 AT Homer2 ! OFRAOA]
225t % MMZ= M2MBEL0M 5 uM Fura-2/AMZt 0.05%
pluronic F-127& 6027t XM2[5IAL}. Fura—-22| &2 Molecular
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Devices (Downingtown, PA, USA) O|0|E AJAELS 0|31 oM,
0|0 mpE2 excitation THEH340 nmet 380 nm)2t emission IFE
(510 nm)2 ALE5I0] &9l HE SMGIUCHRatio = Fauo/Fago).
Fura—29| &% 3} 0|0|X|E2 & %0|A(inverted microscope,
Nikon Instruments Inc., Tokyo, Japan)0®ll £&t=l CCD 7tH|2}
(Photometrics, Tucson, AZ, USA)S £5610] ZAHE0A 2% 7120
2 J|2610t RE MSXtZ ol 242 MetaFluor software (Mo—
lecular Devices)Z 0|&3IZICt,

E MRl K| U2 WA, + HERLAKmean £ SE)E B
AISIRACE. 2 x| 242 SAH °°I{S‘ HE2 SH t-testE AHSIA

Results
1. H& MMZEOA Homer20]| 2|5t SOCE tHa} kAt

O™ AFLSUHAM Homer2 &
oSS U L 0|52 %éf ZE M5S0 HEE USIUCH17-
20]. 0[0f] Q& Z+&0| Qi= 89| HEZ(WT)2 Homer2 ” OFRA
O HF MMZUAM 2 uM Tg X=01 2lo ML ZaS DZAIH Al
E"'E LIRE [Ca”]dt 2 mM QIE Z& XS0 26 ME L2 R

= [Ca™]8 S5t O 21}, HEZ Homer2 ! MA|IZ0|A
SOCE 240 Qo FRUE ZE S R EL 25| SILEAS
LHWT 0.046 + 0.003 vs. Homer2”? 0.128 + 0.008, 2.78H{ =
7h, 2 mM Q2 Zt& X120 9I8t [Ca™], 7t Eit= tEFD} H|W
il 225 0= Z(WT 0.191 + 0.012 vs. Homer2” 0.145 +

A
oca” 2 mM ca’’
[ |
2 uM Tg
— WT i
—— Homer2

o

1 min

0.007, 24.08% ZA)2 SQIGIHCHFig. 1). 0|2{8t &
CHuiol 8i540] SOCE &40l
(o]

S5 T 2 A0

4= Homer2
9|3t [Ca™],2] ZH0]| R0{5H= CRAC *f
|SS LIEHHLY,

22z SOCE gd8 S5t Zd& RYUS YMote A= YU
Tl AHMHIES AHESI0] ME 2 QU= ZE2 HEIE ZAGIY
Ct. 2 mM 9|'=I & A= &7 1P, =8X|2t SOCE &% % sotz
= Q8 222 Nollot= HCE LUYEl 2APBE XSt & [C 12
E=¥skl) ?él'f CHEZ3 Homer2 ™ MMEOIAQ| [Ca®], B7t Ht2L

Fig. 1B2| Zute}t H|W5H0] 2APBO]| 2|5t K| S1t2 %Qlopﬂ LtE}
HOM(WT 49.74% ZA; Homer2 ™ 73.79% ZiA), LiZZ0] H|
i Homer2/” MMZOIA Z& Q0| BAHF| OIS HOZ LIEL
CHFig. 2A and 2D). M, HIE0|M SOCE &Ms S5t Zs /¢ &
CRAC 22| 2AmH|Ql Gd*'2 2|5t &, Homer2 ™ MM|Z0i|A{2|

Qe Za XS0 I8t [Ca”], B7h= EZ0) Yo Gd™*ofl 23t 2
QY Nl Fek2 WX| UAS(WT 73.82% Z; Homer2” 8.97%
EES ] 2B and 2D). E5t, Gd*'2t QAL HISO

=
SIULCHFig.
X SOCE &#4s 8¢t Za | CRAC
MaKIOl La*2 2[5t £ [Ca™]2 SHSH 2, T FIE MA|
ZoAE [Ca™]; YOI BIX5| ZAH H._E Homer2 ™ MEOM=
La®0fl 25t Z& R AX FES 7| UX| AUS(WT 84.82% %
A; Homer2™” 37.24% ZA)S &1016% t(Flg 2C and 2D). 0]2{5t
ZAIELS SOCE &A40f| oI5t [Ca'],2l ZH0|| &0i5H= CRAC LS
2%

o} 2% A 710 Y T} Homer2 Wal BT oto] 7125 Ak

Mo AH ! He A2

00

Io

O] AZS AlAFSITY.

_|.

2. Homer20j| 2t CRAC 22| &A1t SOCE B3| =X

Homer2 Tt rod 0] 2 SOCE €4S ot Z& /Y

=
O CHSH Fek=2 RALGH7| QI6H, HEK293 MIZ 0| Homer2 DNAS

g b
wA

0.25
. WT **

1 Homer2™”
0.20 +

0.15

A Peak ratio

0.10

0.05 -

Initial Ca”* peak ca” entry

Fig. 1. The effect of thapsigargin (Tg)-activated store-operated Ca” entry (SOCE) in pancreatic acinar cells from wild-type (WT) and Homer2™™ mice. (A)
Application of 2 uM Tg increased a [Ca”], in Ca*-free environments (initial Ca”* peak, WT 0.046 + 0.003, n = 125; Homer2™~ 0.128 + 0.008, n = 125) and
changes of the Ca® entry by 2 mM Ca® (Ca entry, WT 0.191 # 0.012; Homer2™~ 0.145 + 0.007) were significant in pancreatic acinar cells between WT
and Homer2™™ mice. (B) The bar graph was presented the magnitude of Ca® entry by the stimulation of 2 uM Tg and 2 mM Ca®* between WT and Homer2™

mice. Data are presented as mean + S.E.
**p < 0.01 and ***p < 0.001 compared to the Ca** entry in WT cells.
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Fig. 2. Inhibitory effects of various blockers for thapsigargin (Tg)-activated store-operated Ca®* entry (SOCE) in pancreatic acinar cells from wild-type (WT)

and Homer2™

mice. (A) 50 uM 2-Aminoethoxydipheny! borate (2ABP) as an IP, receptor antagonist and SOCE inhibitor, was partially inhibited for the Ca**

entry between WT and Homer2™ mice (WT 0.096 + 0.005, n = 96; Homer2™~ 0.038 % 0.004, n = 20). (B) Low concentrations (1-5 uM) of gadolinium (Gd*")
has been commonly used to block SOCE. 5 uM Gd** was significantly remained the Ca”" entry without the reduction of [Ca*"}; in Homer2™ pancreatic acinar
cells as a compared to WT cells (WT 0.050 + 0.004, n = 52; Homer2™ 0.132 + 0.011, n = 36). (C) Lanthanum (La*) is also a potent TRPC blocker and a
SOCE inhibitor, however high concentrations (> 100 uM) of La® has act to inhibit both the entry and efflux of Ca®* ions by blocking of PMCA activities. 100
uM La* was completely inhibited the Ca® entry in pancreatic acinar cells from WT mice but not in Homer2™ cells (WT 0.029 # 0.002, n = 63; Homer2™ 0.091
+0.010, n = 24). (D) The bar graph was presented the magnitude of Ca* entry by the stimulation of various blockers between WT and Homer2™ mice. Data

are presented as mean + S.E.

IP,, inositol 1,4,5-triphosphate; TRPC, transient receptor potential canonical; PMCA, plasma membrane Ca**-ATPase.
#n < 0.001 and %p < 0.001 compared to the Ca** entry by the stimulation of 2 mM Ca®" in WT and Homer2™ cells. ***p < 0.001 compared to the Ca** entry in

WT and Homer2™ cells.

O

Q| HHOE NI L AMESIAIZl & iEF HEK293 MIZE(Empty)

tH SOCE 8tS ZH0f| List Faks ZAGIILE 2iF Z&0] ¢
FAOIM 2 pM Tg X301 2lsh ERQ| Z& 12 5 S7tEl [Ca™],
7|= tHZZ0| HIsH Homer2 2HtSd MIZ(H2)0A R2lotA S7t
= E0I5IACHEmMpty 0.044 + 0.007 vs. H2 0.068 + 0.004,
558 Z71). 0|5 2 mM 2 Ztz X501 2 M LHZ RU=h= [Ca™
é’é@ A3} Homer2 4 MIZOIAM ME LiE QU= [Ca™] 2
[7F CHZE MIZLOY| H]oH AZF S0 E(Empty 0.164 + 0.004 vs. H2
0.152 + 0.004, 7.32% &) AS 20I5ICHFig. 3A-3C). ESH
X HEK293 M2t Homer2 IHEEST MO QIS 24 X130
oI5 M LiZ S [Ca™].2 Fig. 3C2| Ze} H| 510 Gd*0fl 2f
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5t SOCE ¥ CRAC 39| AMZES R2ISHH WX| LUS(Empty
52.44% UA; H2 39.47% ZA)S &QIstACHFig. 3A, 3B, and
3D).
CRAC z{20f| /gt SOCE tt8 =& &E0|A Homer22| F&ts
R15}17| 2[5 HEK293 MIZZ0f| CRAC 22! Orailzt STIM1 DNA
E FQ| 43 0|23 Homer2 DNAQ} & MESA|IZI § 2
mM QIE L& K20 2I$t [Ca™], 7t 21t ¥ Gd™'0ff 23t [Ca™], &
7t 9 MEE H|wotRCt. Orailat STIMT ZHLS MIE(O1 + S1)
9} Orail, STIM1 2 Homer2 1Hgsd MIEL(H2 + O1 + S1) 2F0f|A
SOCE 248 S8t ME W [Ca™]; B7H= Homer2 213 M|ZQ} H
woll $IX3| S7tEl= ZA(01 + S1 2.81H1 57} H2 + 01 + S1 2.13

30
St

=
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Fig. 3. Effects of expressed the Homer2 (H2) cDNA to thapsigargin (Tg)-induced store-operated Ca* entry (SOCE) in HEK293 cells (Empty). (A and B) Ap-
plication of 2 uM Tg increased a [Ca®], in Ca®-free environments (initial Ca®* peak, Empty 0.044 + 0.007, n = 152; H2 0.068 + 0.004, n = 321) and changes
of the Ca® entry by 2 mM Ca* (Ca” entry, Empty 0.164 % 0.004; H2 0.152 + 0.004) were still remained by 5 uM gadolinium (Gd>) in HEK293 cells and
transfected H2 cells (Empty 0.078 + 0.002, n = 161; H2 0.092 + 0.002, n = 250). (C and D) Bar graphs were presented the magnitude of Ca* entry by the
stimulation of 2 yM Tg, 2 mM Ca®, and 5 uM Gd** in 2 mM Ca”* between HEK293 and H2 cells. Data are presented as mean + S.E.

*p < 0.05 and ***p < 0.001 compared to the Ca* entry in HEK293 cells.

T
0l0

i 7S SOI5IA M, 0218+ SOCE 2HA0)| 2|8t [Ca”], 7} &t
2 Gd* 2|0l Qs A AM|El= Z(O1 + ST 85.48%
H2 + 01 + S1 80.50% ZA)2 &QISIHCHFig. 4). 0|2{3t At
E5ll CRAC XHES2| 1jeai2 SOCE 2 B0 25 [Ca?']2
2 245| ETIA7|1L, Homer2 U3i0f 2Joh MSHHOZ x| =

80| 2ygatE 7ts80| Qls= BoEH

r

0y
>

11k} 40
17 1o njo

Discussion

IS
= 8ol s MU U0 9§t SOCE &4 Al MZE W2 Rs
£ [Ca™]0| ZHE|H, CtYSt SOCE AMMIES ALESH0 Homer27}
CRAC 251t 42XE5t0 SOCESE Z2Y 7t5d0| USS UH
Moz HMIAISIULY.
0|M9] ATE2 SOCER CRAC AdQl &M Al M ZEHXZE
M Homer12| Sigt 3 28 711 30| CHSE A7t =2 0| 2AC.

EVH1 EH[QIo] PPXXF ZE|EZ X|H TRPC A{LS(E35], TRPC1)
I} 1P, 8IS Af0]|9] B2|X HZAL O{HE] Tl Homer THEHS0|
olaf Z%XI|0] TRPC1-Homer-IP; 2| 2&#|Z 0|FH, TRPC1
0| EMSIE|0f H2|H 0 ZE2 ST/ [Ca™] B7t #HE0| Lt
EFICH12]. 3 ARZro] HAT MZO|A [Ca™'], Z& A| TRPC1}
IP,R29 EVH1 EM[QI8 E5 Homer12} X% %510 TRPC1-
Homer1-IP,R2 2&IHIE A5t 5 X=Z0| 25l [Ca™].E S7HAIF
X|2t STIM12] EVH1 ZH|QI0| Z&H5H Homer1 1t ZFHXO 2 2G5t
Orai10| 285 HA510{ SOCE &M42 S5l [Ca”12 Z7IAI7|H,
Ol Homer12 =7| Z& RY USEL 0|F HEE X&A 7= &
Sk ST HUE|ACH14]. 0| HISaHH St W2 MZoAM
SOCE &4 X122 3t [Ca™], 57t k82 Homer10[Lt STIM12|
2 X0l ofsh HAED, 0] 2HH0IM Y@H == Orail-Homer1-
TRPC #LS2| 28Hl= Homer12t STIM12] EVH1 ZHIQI0) X
Z3I5t 0|5 Homer11} Orai10| ZF4XO 2 Z5t2 0|20 SOCE it
22 &MsIA|ZICH16]. 128iLt, Ca,1.2-Homer1-STIM1 28]
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A B (o
oca” 2mM Ca”' | o0ca” 2mM Ca®’ 0.54 1 +01+S1
CC— =——————— —
2uMTg 2uM Tg # B +H2+01+831
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° #
—— +H2+01+81 i)
© 0.3
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3
o 0.2
<
0.1 1 # #
0 i B
2mMca”  +5uMGd°

Fig. 4. The inhibitory effect of gadolinium (Gd*) for thapsigargin (Tg)-activated store-operated Ca*" entry (SOCE) in expressed Orai1, Stim1, and Homer2
cDNA cells. (A) Increases of the Ca* entry by 2 mM Ca®* (2 mM Ca®, 0.427 + 0.005, n = 271) was significantly reduced by 5 uM Gd** (5 uM Gd**, 0.062 +
0.007, n = 59) in transfected Orai1 and Stim1 cells (O1 + S1). (B) Changes of the Ca® entry by 2 mM Ca” in transfected Orai1, Stim1, and Homer2 cells
(H2 + 01 + S1,2 mM Ca”, 0.323 % 0.005, n = 464) was smaller than O1 + S1 cells, however the inhibitory effect by 5 uM Gd** (5 uM Gd*, 0.063 % 0.002, n
= 192) was similarly reduced as a compared to O1 + S1 cells. (C) The bar graph was presented the magnitude of Ca®* entry by the stimulation of 2 mM Ca*
and 5 uM Gd* between transfected O1 + S1 and H2 + O1 + S1 cells. Data are presented as mean + S.E.

*n < 0.001 compared to the Ca* entry by the stimulation of 2 mM Ca® in transfected H2 cells. ***p < 0.001 compared to the Ca®* entry in transfected O1 +

S1and H2 + O1 + S1 cells.

M Homer19| g AXoIH Z& MY 120 2/$t SOCE A=
Al STIM12t Z8st Ca,1.22 S3ff [Ca™]0| Z7tECH10lE 20 Y
HT-22 AMZMZO0IM Homer1a-STIM1 28t&l= SOCE &4 X1=20]|
LSt [Ca™], B7t Bt32 Z4AAI7]1, Homer12| &4 RIS S3f 0|
2{Sh X BrS0| Af2FRICH25]= 0% UCH O|XEH Homer Tt
STHE Fdot= CRAC ZH2=2 SR ME SFO| k2t Homer
CHiHO| OI5I2 SHIRIC} 2 ITRIE O|M GITES E5HA LIS A|
ZO0IM Homer2 THHO| CFGH XM X225 HIISHACE Homerla
= PMCAZS| PDZ (PSD-95/Dlg/Z0-1 domain) Qo) Zeott

PMCA 23 37t 3 NI L Z+& M0 CHEE £ gafs HOol= ot
M Homer2 T2 PMCAL| PPXXF QAL EEl‘:' Zgkf 0l2ist gtg
=2 AHBIAT[19], Homer27t ME|atd S| X120 2o LAY E
& XIS (oscillations)2l T1Z(@amplitude) XHES Sdf| Et 24| 7|
52 ZHSIH[20], TRPC3, TRPC62} Orail 2| WalS ZM510 48
M Z2EAES SOHAMIE L Za FUS ZEY = AUSS S5t
[18].

9| £}, Q’éﬁ'—f At
FAH

O[AfO| ErA#SH 24

0

Lt §
S 7|H0M =L QIXtE TIM12 CRAC zx{Ql Oral KH""J—'—f
SOC &9l TRPC <1 gs Sl Zds AMSE A-EY 20t 0f
Li2t, Ca,1.244 Ca,1.32t ’E*% L- type T H|(voltage—-gated) Z
& A20|Lt AMPA £=8X|2t N +8H 22 +8H|/27tE &
é‘,‘(receptor/ligand—activated) ZE XH'-"':E STIM12} SOCES =
H5HC}H26-28]. Homer HHEE 0]2{S CRAC/SOC AMESate| &
&2 Eoll SOCE 4ls 7|™Mg XHst=|, o] STIM12| PPXXF &

EI2} Homer EH2| Zi80] 0|20IHS ZRU2H HAXO! 2 XX

=

X
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1E|ACH10,14,16,25]. SOCEQt 22 CRAC/
SOC {20 EH? ?‘% Qo CHe AMMES ARESICH 2APB
= Orai1-STIM1 S&H|e| & 57t2 SOCE &40| =S mLt
dimer AE{2| STIM10] O} STIM12] SOAR2} coiled-coil 1 £¢{2]
28 4310 Qs multimerization &@40]| 2/St SOCE 2 2 AEf
i, J2|10 STIM12te| Z§0| &datE Orails Y5t SOCE
42 AHISICH29,30]. 12{Lt, Orailt Orai3Q| &A0f oJst Z&
§7f 0] CHollAl= X 28S HOIX| 4=0tal YA UCH
EESE lanthanide HZ2| Gd*'Qt La* = S&0)| D2t Orai12l &
402 AFM|SHALY, MY7HH Za AHE TRP A2Se &
Ct 284X QICH30,32]. M2tA], 025t AXMMIES
ZA1k= Homer27t Orail/STIM1 Z8tx|2| &Mdg
MO LSHE TRP RS2 L-type MU Z&
22 S5l SOCE A& 7|1MS XS 7H540| UL
=22 HSEY 24| MIZ0|lM Homer2 0| E
SOCE &4 A| Orai/STIM1 2&tH|e| M2 ’Sl’é-“ﬁ'
2| SOC Mg 49| 7N XS Sof Ciyst &

&Lt Ol2fet AFZuk= 2H| ZEI0|IM M
tl”k“El Mol 2H| O|M0|Lt BB Het S
o 2 OI70| 2 £20| = 4O AZISH
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