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Fig. S1 Experimental procedures to quantify JPH2 palmitoylation and to monitor its distribution in cells. (A) Cells
expressing JPH2 were incubated with palmitate-alkyne to allow linkage of palmitate-alkyne to cysteine thiols in S-
palmitoylation reaction. Cu(l)-catalyzed azide-alkyne cycloaddition, ‘CuAAC reaction’, was performed in the presence of
biotin-PEGz-azide to biotinylate palmitoylated proteins. This allowed biotin Ab-based detection/quantification of
palmitoylated JPH2 (Palm*-JPH2). (B) Using in situ Proximity Ligation Amplification (PLA) to detect palmitoylated JPH2.
Palmitoylated JPH2 was biotinylated in the CUAAC reaction with biotin-PEGs-azide, followed by four major steps: (1)
incubation with primary antibodies (1%t Abs) targeting biotin and JPH2 (e.g. biotin goat Ab and JPH2 rabbit Ab), (2)
incubation with [+] and [-] probes, which were secondary Abs conjugated with complementary oligonucleotides that
targeted goat Ab and rabbit Ab respectively, (3) oligonucleotide-ligation reaction followed by rolling circle amplification
reaction producing a bundle of ~ 100 kb DNA strand labeled with several hundred fluorophores at each of the proximity
ligation sites?, (4) JPH2 that were not labeled by the proximity ligation amplification product were labeled by
immunofluorescence, JPH2 (IF), i.e. Alexa fluorophore-conjugated secondary (2"9) Ab targeting JPH2 rabbit Ab. In this
example, PLA signals were detected by green fluorophore and JPH2 (IF) was detected by red fluorophore. (C) details of
CUuAAC reaction.

S1



JPH2-GFP Fig. S2 Validating the Palm-PLA procedure for detecting

total JPH2 B > palm*-JPH2. COS-7 cells expressing JPH2-GFP were
25 T incubated with palmitate-alkyne alone (control), or together
with 2-bromopalmitate (2BP, palmitoylation inhibitor), both at
< o p <0.001| 100 pM, overnight. The cells were processed for Palm-PLA
':—’; a1 detected by red fluorophore. Left: Confocal images of JPH2-
= GFP (total JPH2) and palm*-JPH2 in control (top row) and
SR 2BP-treated (bottom row) cells. We used the ratio of red
- fluorescence (palm*-JPH2) to green fluorescence (total JPH2)
0 in each cell as a measure of relative degree of JPH2-GFP
° B palmitoylation. Right: Data summary from 21 cells in each
= @ T group. 2BP treatment reduced the degree of JPH2
_ = palmitoylation by 50%.
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Fig. S3 Comparing the degree of palmitoylation between mCherry-JPH2 and flag-JPH2 using Palm-PLA. The same
batch of COS-7 cells expressing mCherry-JPH2 (A) or flag-JPH2 (B) were subject to Palm-PLA using the same set pf
reagents on the same day. There was no Palm-PLA signal from mCherry-JPH2 despite clear mCherry fluorescence and
JPH2 (Alexa647, far red) immunofluorescence, confirming strong expression of mCherry-JPH2. Strong signals of Palm-
PLA with flag-JPH2 confirmed the success of the Palm-PLA reaction. These data corroborate Fig. 1C and Fig. 3D,
showing that fusing mCherry to the N-terminus of JPH2 interfered with JPH2 palmitoylation.

COS-7 cells Fig. S4 Validating the efficacy of MgCD treatment (2 mM,
36°C, 2 hr) in disrupting lipid-raft and reducing liquid-
ordered (Lo) subdomains in plasma membrane. (A) Live
COS-7 cells labeled with Alexa488 Cholera toxin subunit B
(ChTx-B), a lipid raft marker?. MgCD treatment induced
dramatic change in ChTx-B distribution pattern. (B) Live
COS-7 cells labeled with Nile Red 12S (NR12S), a
membrane lipid environment-sensitive fluorescent dyes.
NR12S was excited by 514 nm laser and switching from
liquid-ordered (Lo) to liquid-disordered (L4) subdomains caused a red shift in its emission peak (from 570 to 605 nm).
Shown are Lo:Lq ratio images of control and MgCD-treated cells, with color scale of Lo:Lq ratio shown on the left*. MgCD
treatment reduced regions of high Lo:Lq ratio. We also used the total NR12S emission in the 523-581 nm and 591-698 nm
ranges, defined as Lo and L4 channels, to calculate the Lo:Lq ratio per cell. MgCD-treatment significantly reduced the
normalized Lo:Ld value (from 1+0.01 to 0.84+0.01, n=29 and 41, p<0.001), confirming a general decrease in the liquid-
ordered subdomains in cell membranes. These data support the effectiveness of MgCD treatment in disrupting lipid raft
subdomains, as was used in the experiments shown in Fig. 4A and 4B.
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i i - Fig. S5 Inhibiting
A TIRF imaging of JPH2 (WT)-GFP B Adding MyCD 2 mM balmitoylation by
Time in MsCD 0 min 60 min o 12 ° 2BP pretreatment
. 2BP pretreated prevents the
£9 10 suppressing effect
Control =N 3 of MgCD on
28 0s juxtamembrane
86 H H JPH2-GFP. COS-7
o< 06 Control cells expressing
2BP X JPH2-GFP were
Prefreated [ o 04 | | | | cultured und_e.r the
(100 umol/L, |§ control conditions or
6 hr) 0 20 40 0 | with 100 uM 2BP
Time in MBCD (min) before TIRF live cell

imaging
experiments. (A) Images right before MgCD application and after 60 min in MgCD. ROIls are marked. (B) Time courses of
changes in pixel contents in ROIs (normalized to the initial pixel contents) from the same experiments as shown in (A).
These data, in conjunction with those shown in Fig. 4C, suggest that palmitoylated JPH2 promoted or stabilized the
formation of ER/PM junctions and enlarged the juxtamembrane JPH2 pools, which were sensitive to lipid-raft disruption by
MpCD treatment. Preventing or reducing JPH2 palmitoylation (by replacing all four Cys by Ala or by 2BP pretreatment)
reduced the juxtamembrane JPH2 pools, which were not sensitive to M sCD treatment.
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Fig. S6 Quantification of JPH2 Palm-PLA puncta using ImageJ. (A) Flow chart of experimental procedures to label
palmitoylated and total JPH2 (by Palm-PLA and IF signals, respectively). (B) Image analysis with ImageJ. For each
myocyte, z-stack images of Palm-PLA and JPH2 (IF) were collapsed into 2D images by z-projection of maximal intensity
(Palm-PLA) or sum of intensities (JPH2 (IF)). The 2D image of Palm-PLA was thresholded to specify puncta, which were
analyzed by ImageJ function: particle analysis. The total cellular area was determined from the JPH2 (IF) 2D image, and
used to calculate the % cellular area occupied by JPH2 Palm-PLA puncta. Furthermore, the 2D image of JPH2 (IF) was
used to calculate % JPH2 in cell periphery (2 um wide space between cellular contour delineated by the dash white lines,
and the cytoplasm delineated by the dotted while lines).
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Fig. S7 Detecting unpalmitoylated JPH2 in cells using in situ proximity ligation amplification (unpalm-PLA). (A)
Unpalm-PLA procedure. Cells expressing JPH2 were fixed (4% paraformaldehyde in PBS, room temperature, 10 min),
permeabilized (0.1% Triton X-100, in PBS, room temperature, 10 min), and went through the following reactions: (1)
incubation with Tris(2-carboxyethyl)phosphine hydrochloride (TCEP,100 uM, room temperature, 1 hr, to reduce disulfide
bonds), followed by incubation with EZ-link BMCC-biotin (160 uM, room temperature, 2 hr, to biotinylate free thiol groups),
(2) incubation with primary antibodies (15t Abs) targeting biotin and JPH2 (e.g. biotin goat Ab and JPH2 mouse Ab), (3)
incubation with [+] and [-] probes, which were secondary Abs conjugated with complementary oligonucleotides that
targeted goat Ab and mouse Ab respectively, (4) oligonucleotide-ligation reaction followed by rolling circle amplification
reaction producing a bundle of ~ 100 kb DNA strand labeled with several hundred fluorophores at each of the proximity
ligation sites?. In this case, unpalmitoylated JPH2 was detected by green fluorophore. (B) Validation of Unpalm-PLA.
COS-7 cells expressing flag-JPH2 were subject to the unpalm-PLA procedures described in (A). For comparison, the
same batch of flag-JPH2 expressing COS-7 cells was subject to the palm-PLA reaction (described in Fig. S1B) in parallel.
This figure shows that unpalmitoylated JPH2 was more abundant than palm*-JPH2.
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C. Sequence alignment of human and rat JPH2 (accession numbers: Q9BR39.2 and Q2PS20.1,
respectively) by Clustal Omema (https://www.ebi.ac.uk/Tools/msa/clustalo/)
(92% similarity)

Human MSGGRFDFDDGGAYCGGWEGGKAHGHGLCTGPRGOGEY SGSWNFGFEVAGVYTWESGNTE 60
Rat MSGGRFDFDDGGAYCGGWEGGKAHGHGLCTGPRGOGEY SGSWNFGFEVAGVYTWESGNTE 60

B b T L b & L R e

Human EGYWEQGKRHGLGIETKGRWLYKGEWTHGFKGRYGIRQESESGAKYEGTWNNGLODGYGT 120
Rat EGYWSQGKRHGLGIETKGRWLYKGEWTHGFKGRYGIROSTNSGAKYEGTWNNGLODGYGT 120

Fhh kb kb kA bbb bbb kbbb kb kb h kb A kb A Ek kA b A AL khEh b kA hh b b A b A A h A

Human ETYADGGTYQGQFTNGMRHGY GVROSVPYGMAVVVRSPLRTSLSS LRSEHSNGTVAPDSP 180
Rat ETYADGGTYQGQFTNGMRHGY GVRQSVPYGMAVVVRSPLRTSLSS LRSEHSNGTVAPDSP 180

B b T i 2 o b R R e

Human ASPASDGPALPSPAIPRGGFALSLLANAEAAARAPKGGGLFOQRGALLGKLRRAE SRTSVE 240

Rat ———AADGPTLPLPPVPRGGFALSLLATAEAA----RPPGLFTRGALLGRLRRSESRTSLG 233
FakdhykEk kL FhhkkRkEAEREF Fhkk s FhE Kk hhk Ak EARE Lk

Human SQRSRVSFLESDLSSGASDAASTASLGEAREGADE -AAPFEADIDATTTET YMGEWENDEK 299

Rat SQRSRLSFLESELSSGASDAASTGSLAEGAEGPDDAARAPFDADIDATTTET YMGEWENDEK 293

dhh ki hhhhhy hhhkhhhhhAkh hEk Kk khF ke KAk Ak AEEAEE b EE kA Ak A AAE

Human RSGFGVSERSSELRYEGEWLDNLRHGY GCTTLPDGHREEGKY RHNVLVEDTKRRMLOLES 359
Rat RSGFGVSERSSELRYEGEWLDNLRHGY GRT TLPDGHREEGKY RHNVLVEKGTKRRVLPLES 353

Fhh kb kb kb h kbbb kbbb kb kb h kb b d kA Ek kA b hkE b A b kAt A hE S hhkEk .k EhE

Human NEKVROEVEHSVEGAQRAAATARQKAETAASRTSHAKAKAEAAEQAALAANQESNIARTLA 419
Rat NEKVROEVEHGVEGAQRAAATARQKAETAASRTSHAKAKAEAAEQAALAANQESNIARTLA 413

B I o R bR TR ST R R oy

Human RELAPDFYQPGPEYQKRRLLOEILENSESLLEPPDRGAGAAGLPOPPRESPOLHERETPR 479
Rat KELAPDFYQPGPEYQKRRLLOEILENSESLLEPRERGPG-TGLPERPRESPQLHERETP(Q 472

ckhkhk kb kb kb bbb bbbk h b A kbbb kb A rE ckk F akkk. kb rEEhEbEhbh .

Human PEGGSPSPAGTPPOPKRPRPGVSKDGLLSPGAWNGE PSGEGSRSVTPSEGAGRRSPARPA 539

Rat PEGGPPSPAGTPPOPKRPRPGSSKDGLLSPGAWNGE PGGEGSRPATPSDGAGRRSPARPA 532
FEEF A FEEFEEFEE T EE A ***************.***** .***:***********

Human TERMATEALQAPPAPSREPEVALYQGYHSYAVRTTPPEPPPFEDQPEPE--VSGSESAPS 5487

Rat SEHMATEALQPPPAPSREPEVALYRGYHSYAVRTGPPEPPPLEDEPEPEPEVPRSDSEPP 592

sk khhhhhkE FEhhhEhhhhh Ak b bk kb b A rEE khEkAhk bk kEE A * .k &

Human SPATAPLOAPTLRGPE-PARETPAKLEPKPITIFPKAE PRAKARKTEARGLTEAGRKKEARK 656
Rat SPVSATVOEEESPAPRSRVPAKPATLEPKPIVPKAE PKAKARKTEARGLSKAGRKKEGRE 652
Fh ok ok * JEE  Eh Ak kA AE A kAR R R AR AR L E A h A b h A Ak
Human EAALAAEAEVEVEEVEPNTILICMVILLNIGLAILEVHLLT 696
Rat EVAQEAEAEVEVEEVPNTVLICMVILLNIGLAILFVHLLT 692
*.‘k *************:*********************
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D. Alignment of human JPH1 (accession: Q9HDC5.2), JPH2 (Q9BR39.2), JPH3 (Q8WXH2.2) and JPH4
(NP_001139500.1) by Clustal Omega

MORN I MORN II
JPH1 -MTGGRFDFDDGGTYCGGWEEGKAHGHGICTGPKGOGEY SGSWSHGFEVVGGYTWESGNT 59
JPHZ -MSGGRFDFDDGGAYCGGWEGGKAHGHG LCTGPRKGOGEY SGEWNEGFEVAGVYTWESGNT 59
JPH3 MEE3GGRFNFDDGGEESYCGEWEDGEAHGHGVCTGPKGOGEY TGSWSHGFEVLGVY TWPSGNT 60
JPH4 MSPGGKEDFDDGGCYVGGWEAGRAHGYGVCTGPGAQGEYSEE@AHGFESLGVFTGPGGHS 60

R & I e 3 R SN * 4+ I R

MORN III MORN IV MORN V

JPH1 YQGYWAQGKRHGLGVETKGKWMYRGEWSHGFKGRYGVRQSLETPARYEGTWSNGLQDGYG 119
JPHZ FEGYWSQGKRHGLGIETKGRWLYRKGEWTHGEFKGRYGIRQSSSSGAKYEGTWNNGLODGY G 119
JPH3 YQGTWAQGKRHGIGLESKGKWVYKGEWTHGFKGRYGVREEAGNGAKYEGTWSNGLQDGYG 120
JPH4 YOGHWOOGKREGLGVERKSRWT YRGEWLGGLEKGRSGVWESV-SGLRYAGLWEDGFQDGY G 119

::* * ****.*:*:* *.:* ‘k:*‘k* *:‘k** ‘k: . . :* * *.:*:*****

MORN VI

JPH1 VETYGDGGTY QGOWAGGMRHGY GVRQSVEYGMATVIRSPLRTS LAS LRSEQSNGS VLHDA 179
JPHZ TETYADGGTY QGO FTNGMRHGY GVROSVEPYGMAVVVRSPLRTS LSS LRSEHSNGTVAPDS 179
JPH3 TETYSDGGTYQGQWVGEGMROGY GVROSVEYGMAAVIRSPLRTS INS LRSEHTNGTALHED 180
JPH4 TETYSDGGTY QGQWOAGKRHGY GVROQSVEYHORAALLRSPRRTSLDSGHSDPPT---PPFP 176

.***.********: * *:********** *.::**‘k *‘k*: * :‘k:
JPH1 AAD--————— ADSPAGTRGGFVLNFHADAELA-——-— GERKKGGLFRRGSLLGEMELRESE 227
JPHZ PASPASDGPALPSPAIPRGGFALSLLANAEAA---ARAPKGGGLFQRGALLGKLRRA--E 234
JPH3 ASP----- AVAGSPAVSRGGEVLVAHSDSEIL----- KSKKKGLFRRE-LLSGLEKLRKSE 229

JPH4 LPLPGD--EGGSPASGSRGGFVLAGPGDADGAS SRKRTPAAGGFFRRSLLLSGLRAG--G 232

FhEE & .. *oak e *4

JPH1 SKSSISSKRSSVRSDAAM----— SRISSSDANSTISFGDV***D!DF!PVEDHVDATTTE 279
JPHZ SRTSVGSQRSRVSFLESD----— LSSGASDARSTASLGEARAEGADERAAPFEADIDATTTE 289
JPH3 SKSELASOREKOSSFREEAGMSTVSSTASDIHSTISLGEA---EAELAVIEDDIDATTTE 286
JPH4 RRSSLGSKRGSLRSEVSS-—————————— EVGSTGPPGSEASGPP-AAAPPALTEGSATE 280
HHEEH RN : HE . . HH- -
MORN VII MORN VIII
JPH1 TYMGEWENDERNGFGVSERSNGMEY EGEWANNKRHGY GCTVEFPDGSKEEGKYKNNILVRG 339
JPHZ TYMGEWENDERSGFGVSERSSGLRYEGEWLDNLRHGY GCTTLPDGHREE GKY RHNVLVED 349
JPH3 TYVGEWENDERSGFGVSORSDGLEY EGEWASNRRHGY GCMTEFPDGTKEEGKYKONTILVGGE 346
JPH4 VYAGEWRADRRSGFGVSQRSNGLRYEGEWLGNRRHGY GRTTRPDGS REE GKY KRNRLVHG 340
_* #.-%-*: +:$—_*$—%—+$—:+*_*::+*%—%—* _#.- FhEkk . * K * :1—****:_* **
JPH1 IRKQ-L--IPIRHTKTREKVDRAIEGAQRAAAMARTKVE IANSRTAHARAKADARDOAAL 396
JPH2 TKRR-M--LoLKENKVROKVEHSVEGAQRAARATAROKAETAASRTSHAKAKAEAREQRAL 406
JPH3 KREN-L--IPLRASKIREKVDRAVEAAERAATIAKOKAEIAASRTSHSRAKAEARLTARD 403
JPH4 GRVRSLLPLALRRGKVKEKVDRAVEGARRAVSARRQRQEIAARARAADALLKAVARSSVAE 400
HE HE - - - O U O
JPH1 AARQEEDIARAVARELSPDFYQPG*fPDYVKQRFQEGVDAKENPEEK fffffff VPEKPP 447
JPHZ AMQESNIARTLARELAPDFYQPG--PEYQKRRLLOEILENSE SLLEPPDRGAGAAGLEQ 464
JPH3 KAQEEARIARITAKEFSPSFQHRENGLEYQRPKRQTSEDDIEV fffffffffff LSTGTP 452
JPH4 KAVEAARMAKLIAQDLOFPMLEAPGRRPRODSE-————-——————-——————————— GSDTEP 438
EO- - O
JPH1 TPKESPHFYRKGTTPPRSP-EA-———-—-—-—— SPKHSHSPASSPKPLEKD-—-——--———-———-—- 486
JPHZ PPRESPQIHERETPRPEGG-SP--——--———- SPAGTPPQPKRPRPGVSK-—-—--——-———-—— 503
JPH3 LOQESPELYREKGTTPSDLTPDDSPLOSFPTSPAATPPPAPAARNEVAHE SROVSVDEERG 512
JPH4 LDEDSPGVYENGLTPSEGSPEL-—-—--—- PSSPASSRQPWRPPAER*SP ffffffff LPPG 483
:#* FH H
JPH1I e NPSSGARLNQDERSVADEQVTATVNKP LMSKAPTKEAGAVVEPQS 530
JPHZ DGLLSPGAWNGEPSGEGSRSV---——-——————————— TPSEGAGRRSPAR 537
JPH3 GDIQMLLEGRAGDEARSSWGEEQ*AGGSRGVRSG* ALRGGLLVDDFRTRGSGREQPGIY 568
JPH4 GDQ-———-—— GPFSSPEKAWPEEWGGAGAQAE - - ———-—-—-——-———-————————————————— 507
JPHL KY------ S GRHHIFNPS---NGELHS-QYHGYYVKLNAP----QHPP 564
JPHZ PATERMAIE--——————-——-— ALQAPPAPSREPEVALYQ-GYHSYAVRTTPEP----EPPP 580
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JPH3
JPH4

JPH1
JPHZ
JPH3
JPH4

JPH1
JPHZ
JPH3
JPH4

JPH1
JPHZ
JPH3
JPH4

PKPRERRTES PPV FTWTSHHRASNHSPGGSRL-- LELQEEKLSNYRMEMKPLLRMETHPQ
———————————————————————————————————————— ELAGYEAEDEAG--MQGPGP

*

VDVEDGDGESQESEA-——————— L----- VHKP SAN--KWE P SKSVTKPVAKE - - - ——-
FEDQPEPEVSGSESAPSSPATA--PLOAPTLRGPEDA--RETPAKLEPKPI I PK-—-———
KRRY SKGGARRGLGDDHRPEDR - ~GFGVQRLRSKAQNKENFRPASSAEPAVQKLASLR ——
RDGS PLLGGESDS SGS LREEEGEDEEPL PPLRA- ———————— PAGTEPEPIAMLVLRGSS

* . .

™D
-SKAEPKAKKSELA-TP-————— KN --PASNDSCPALEKEANSGENS IMIVELVMLINIGEL
-AEPRAKARKTEARGLTKAGAKKKA--RKEAALAAEAEVEVEEVPNTILICMVILINIGL
LGGAEPRLLRWDL---TFSPPOQKSLPVALESDEENGDELKSSTGSAPILVVMVILINIGY

SRGPDAGCLTEEL-——---—-—-—————————— GEPAATERPAQPGRANPLVVGAVALLDLSEL
. e % Hka. s

ATLFVHFLT 66l

AILFVHLLIT 696

AILFINFFT 748

AFLFSQLL 628

e

626
525

602
630
682
576

652
687

619

E. Ranking of potential S-palmitoylation sites in JPH1-JPH4 using CSS-Palm 4.0
(http://csspalm.biocuckoo.org/online.php)

Domain JPH1 JPH2 JPH3 JPH4
location Position Position Sc Position Position Sc
MORN 1 c15 C15 9 Cclé Ccl4 7.
MORN 1 c29 c2°9 0 C30 c30 0.
MRON 2
1.213
0.901
3.071
7.363 Cc328 4.482 C325 4.853
0.418
Coil
TMD Cc626 8.025 ce78 6.314
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