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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(I)-catalyzed azide-alkyne cycloaddition, ‘CuAAC reaction’, was performed in the presence of 
biotin-PEG3-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-PEG3-azide, followed by four major steps: (1) 
incubation with primary antibodies (1st 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 sites1, (4) JPH2 that were not labeled by the proximity ligation amplification product were labeled by 
immunofluorescence, JPH2 (IF), i.e. Alexa fluorophore-conjugated secondary (2nd) 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 
CuAAC reaction.  
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Fig. S2 Validating the Palm-PLA procedure for detecting 
palm*-JPH2. COS-7 cells expressing JPH2-GFP were 
incubated with palmitate-alkyne alone (control), or together 
with 2-bromopalmitate (2BP, palmitoylation inhibitor), both at 

100 M, overnight. The cells were processed for Palm-PLA 
detected by red fluorophore. Left: Confocal images of JPH2-
GFP (total JPH2) and palm*-JPH2 in control (top row) and 
2BP-treated (bottom row) cells. We used the ratio of red 
fluorescence (palm*-JPH2) to green fluorescence (total JPH2) 
in each cell as a measure of relative degree of JPH2-GFP 
palmitoylation. Right: Data summary from 21 cells in each 
group. 2BP treatment reduced the degree of JPH2 
palmitoylation by 50%.  

 

 
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. 
 
 

Fig. S4 Validating the efficacy of MCD treatment (2 mM, 
36oC, 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 marker2. MCD 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 dye3. 
NR12S was excited by 514 nm laser and switching from 

liquid-ordered (Lo) to liquid-disordered (Ld) subdomains caused a red shift in its emission peak (from 570 to 605 nm). 

Shown are Lo:Ld ratio images of control and MCD-treated cells, with color scale of Lo:Ld ratio shown on the left4. MCD 
treatment reduced regions of high Lo:Ld ratio. We also used the total NR12S emission in the 523-581 nm and 591-698 nm 

ranges, defined as Lo and Ld channels, to calculate the Lo:Ld ratio per cell. MCD-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 MCD treatment in disrupting lipid raft 
subdomains, as was used in the experiments shown in Fig. 4A and 4B.  
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Fig. S5 Inhibiting 
palmitoylation by 
2BP pretreatment 
prevents the 
suppressing effect 

of MCD on 
juxtamembrane 
JPH2-GFP. COS-7 
cells expressing 
JPH2-GFP were 
cultured under the 
control conditions or 

with 100 M 2BP 
before TIRF live cell 
imaging 

experiments. (A) Images right before MCD application and after 60 min in MCD. ROIs 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 

MCD 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CD treatment. 

 

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 (1st 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 sites1. 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.  

 
B. Supplemental References 

 1  Soderberg O, Leuchowius K-J, Gullberg M, Jarvius M, Weibrecht I, Larsson L-G, Landegren U. 
Characterizing proteins and their interactions in cells and tissues using the in situ proximity ligation. 
Methods. 2008;45:227-232. 

 2  Klymchenko AS, Kreder R. Fluorescent probes for lipid rafts: from model membranes to living cells. 
Chemistry & Biology Review. 2017;21:97-113. 

 3  Kucherak OA, Oncul S, Darwich Z, Yushchenko DA, Arntz Y, Didier P, Mely Y, Klymchenko AS. 
Switchable Nile Red-based probe for cholesterol and lipid order at the outer leaflet of biomembranes. 
Journal of American Chemical Society. 2010;132:4907-4916. 

 4  Darwich Z, Kucherak OA, Kreder R, Richert L, Vauchelles R, Mely Y, Klymchenko AS. Rational design of 
fluorescent membrane probes for apoptosis based on 3-hudroxyflavone. Methods and applications in 
fluorescence. 2013;1:025002. 

 
 
 
 
 
 
 
 
 



S5 
 

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) 
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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 
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E. Ranking of potential S-palmitoylation sites in JPH1-JPH4 using CSS-Palm 4.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


