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STIMATE, A Regulator of Ca** Influx, Identified by Proteomic
Mapping of ER-PM ]

Zhang Shuce', He Lian?, Zhou Yubin?, Wang Youjun'*

('Beijing Key Laboratory of Gene Resource and Molecular Development, College of Life Sciences,
Beijing Normal University, Beijing 100875, China; *Institute of Biosciences and Technology,
Texas A&M University Health Science Center, Houston, Texas 77030, USA)

Abstract Endoplasmic reticulum (ER) and plasma membrane (PM) are connected at specialized
junctional sites (endoplasmic reticulum-plasma membrane junction, ER-PM J). Crucial physiological processes,
including lipid metabolism and many kinds of calcium signaling, especially store-operated calcium entry (SOCE),
occur within these junctional sites. Due to the lack of appropriate methods and convenient tools, the proteomic
composition of ER-PM J remains largely unknown. We thus tagged ascorbate peroxidase 2 (APEX2) to the ER-
resident SOCE activator, STIM1, and applied APEX2-mediated in situ biotin labeling in living cell that efficiently
labels proteins in close proximity to STIM1 (<20 nm). The resulting biotin-labeled proteome was then enriched
by streptavidin beads and analyzed with mass spectrometry. Among those positive hits is an ER resident protein

that we named as STIM1-activating enhancer (STIMATE). The molecular mechanism underlying this Ca*" influx

regulator was further examined.
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STIM1; SOCE; STIMATE; in situ biotin labeling; APEX2; cortical ER; ER-PM J
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SOCEP!. SOCE il 17 75 T~ JF % & 4 41 g A1 %
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Biotin-Phenol

{ )-o
+H,0, . APEX2

Proteins adjacent to '
H 11 (<20 nm)
labeled by biotin

Cortical ER
PM

Enrichmentby

> streptavidi
ptavidin beads
VOSSR T I s e

T LA A GFP-STIM1-APEX2 5, I IN 26325 APEX2 I STIMI il 5 2 o FIFH AMIR KT UK B A2 W3R 2K T, % STIMIER F 1220 nmiz 9 ()
A BATEMIRARAC . S5 RRANE, PSR RIZR LR A Z T s SRR ISR G I R o ARSI IR e A1 15 1 B A AR D SRbR IS R R T R T ok,

FHR BT 4552 o A IRt Sk TR AR BER HcER (cortical ER).

With externally added H,O,, APEX2 fused to STIM1 enables biotin labelling on proteins located <20 nm from STIMI. Biotinylated proteins from cell
lysate were further affinity-enriched with streptavidin beads. And the resulting eluted products were analyzed by mass spectrometry (MS). The position

of cortical ER is indicated by blue arrows.

Ell ETAPEX2RALEAFREBRCEREEER-PMEZXAATEESTIMIL
EFEAEIEEFELRIREE(RESE TR 1211220
Fig.1 Diagram of major procedures involved in proteomic mapping of potential STIM1
interactors at ER-PM J through APEX2-mediated in situ biotin labeling (modified from reference [12])
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STIM1

STIMATE

ER store full

ER store depleted

K oS R A iitg, AP inir TA 8. 58 SR, STIMIFISTIMATE S 5l DAGE RN 2Tt R (s o 35 (855 Sk TR 9 AKX % punctarft

1)L 1 pmol/L TG(thapsigargin)#% F K& =S85 . b7 X=10 pm,

Confocal images showing the bottom of HEK STIM1-YFP stable cells transiently transfected with mCherry-STIMATE. To aid visualization, STIM1
and STIMATE are artificially colored in green and red respectively. The positions of several puncta are indicated by yellow arrows. Store depletion

was triggered by 1 umol/L thapsigargin (TG). Scale bars=10 pm.

[E2 7EHEK STIM1-YFP#3E 4R EFRTId RIXAISTIMATE R (R #ESTIM 17 A puncta
Fig.2 STIMATE facilitates the formation of STIM1 puncta in HEK STIM1-YFP cells
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HEK-29341 g Hh AN 18 5 e 78 6 38 2 7 2 RS T
HR AT 2o AT b K ER 23 HR R N B M A i
FUBERISEREEA. RE RS Z 5N EE
ARSI R E . TR, AT R T
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fluorescence complementation, BiFc). %5 E IR,
TMEM110(RefSeq ID: NM_198563)7E APEX Fil BiFc
1) S 56 Hh S — MR B RS ESTIMI BLAE & A, K
1144 € fir 44 NSTIMATE(STIM-activating enhancer).
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X, BLK STIMATE ] C-AK¥ii (STIMATE-CT. 214-
20440 B FTR). B 3K & & AR 3 PR (surface
plasmonresonance, SPR)# AR A LA ESTIM1-CC15
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calcium channel) activation domain]"*'1# STIM1 [f]
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CAD, J&#& 456 I 0 i Orai 145 & 118 1E, 5
RAGNIRM . I FRATE A, STIMATE S CC1IAHE
E o] BEBE AR T CC15 SOAR/CADA H.AF FH, fift i
7S STIML B #HPRE, /2 3F 7 STIMIM &
FWOE A R A2, T {75 SOAR/CAD A STIM 1
B R R MG Orail o A F3RATT 2 BT & AT
DURS I STIM 144 AR 4k 1) — JGFRETHR RSTIM1 510-
CFPHIYFP-SOAR™, $ATR I, K IESTIMATER
5 e i 5 — R, #E 1S & 2 1A IFRETYS 548 55
1% 158 BISTIMATE [ #f 18 1 5 STIM1-CC1 (1) #H H_AE
H, 54 MR 59 T STIMIFICCL X 5SOARIX (K4
HAEH, ATAR#E T STIMI & B 3805 14 5 5
SERLARAL .
5 B

P11z B AR IR B S AR R A7 AR P 2 B A A
LT % € T — AN ER-PMIEH: I STIM1 &
FIBFHE I AR . X — 45 RAMUR L T A RS
NER-PMIE 2 IX 2 A FR 4L 55 — ML, oAk
KW T CATEAS 5 55 TR R AE SR I Th g i
BT —AMESE . TEERAE R LA A ERE R E S
WA AR I T15 B R ilih, BEEER-PMIE
F2 DX % A STIM AR 38t (1 45 45 5 3 R 119 P4 Joit X 3
HESTIMATER) & I, AT AZEE 7], STIMATE &
EFE SER-PMEHE X (1) HoAth 5 20 B [F) T 7E 8515 5
e SR F AR AR B R R R EAE 2 STIMATEA
B STER-PMIE 2 [X {IcER . il 5 4 FF 1 F S dn
A S 2 BR-PMIE 2 [X B & T 2 1) e R 7 22

PATHE— PR R

SEHK (References)

Stefan CJ, Manford AG, Emr SD. ER-PM connections: Sites of
information transfer and inter-organelle communication. Curr
Opin Cell Biol 2013; 25(4): 434-42.

Henne WM, Liou J, Emr SD. Molecular mechanisms of inter-
organelle ER-PM contact sites. Curr Opin Cell Biol 2015; 35:
123-30.

Carrasco S, Meyer T. STIM proteins and the endoplasmic
reticulum-plasma membrane junctions. Annu Rev Biochem 2011;
80: 973-1000.

Ma G, Wei M, He L, Liu C, Wu B, Zhang SL, et al. Inside-out
Ca®" signalling prompted by STIM1 conformational switch. Nat
Commun 2015; 6: 7826.

Soboloff J, Rothberg BS, Madesh M, Gill DL. STIM proteins:
Dynamic calcium signal transducers. Nat Rev Mol Cell Biol
2012; 13(9): 549-65.

Hogan PG, Rao A. Store-operated calcium entry: Mechanisms
and modulation. Biochem Biophys Res Commun 2015; 460(1):
40-9.

Parekh AB, Putney JW Jr. Store-operated calcium channels.
Physiol Rev 2005; 85(2): 757-810.

Wu MM, Buchanan J, Luik RM, Lewis RS. Ca®* store depletion
causes STIMI1 to accumulate in ER regions closely associated
with the plasma membrane. J Cell Biol 2006; 174(6): 803-13.
Rhee HW, Zou P, Udeshi ND, Martell JD, Mootha VK, Carr
SA, Ting AY. Proteomic mapping of mitochondria in living
cells via spatially restricted enzymatic tagging. Science 2013;
339(6125): 1328-31.

Park CY, Hoover PJ, Mullins FM, Bachhawat P, Covington ED,
Raunser S, ef al. STIMI clusters and activates CRAC channels
via direct binding of a cytosolic domain to Orail. Cell 2009;
136(5): 876-90.

Yuan JP, Zeng W, Dorwart MR, Choi YJ, Worley PF, Muallem S.
SOAR and the polybasic STIM1 domains gate and regulate Orai
channels. Nat Cell Biol 2009; 11(3): 337-43.

Jing J, He L, Sun A, Quintana A, Ding Y, Ma G, et al. Proteomic
mapping of ER-PM junctions identifies STIMATE as a regulator
of Ca®" influx. Nat Cell Biol 2015; 17(10): 1339-47.





