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Supplementary Table 1. Construct information  

Name Features Promotor/Vector Details 

TOM20-

V5-

TurboID 

KpnI-TOM20-

BamHI-V5-NheI-

BirA(humanized)-

XhoI 

CMV/pcDNA5 TOM20 (NM_014765.2)  

Sec61B-

V5-

APEX2 

NotI-Sec61B-

NheI-V5-APEX2-

Stop-XbaI 

CMV/pcDNA3 Sec61B (NM_006808)  

BFP-

KDEL 

EcoRV-ss-ApaI-

BglII-EBFP-

KDEL-Stop-NotI 

CMV/pDisplay 

ss: METDTLLLWVLLLWVPGSTGD (IgK chain 

signal sequence for ER lumen) 

KDEL: ER retention motif 

Mito-BFP 

XhoI-Mito-

BamHI-BFP-

Stop-NotI 

CMV/pC1 
Mito: MSVLTPLLLRGLTGSARRLPVPRAK 

(COX8 sequence) 

mScarlet-

Sec61B-

C1 

NheI-mScarlet-

XhoI-Sec61b-

Stop-EcoRI 

CMV/pC1  

(pmScarlet-H_C1) 

pmScarlet-H_C1 is from Addgene #85043 

Sec61B (NM_006808.3) 

siRNA-

resistant 

LRC59 

(LRC59-

BFP) 

NheI-LRC59-

KpnI-BFP-Stop-

XbaI 

CMV/pcDNA3.1+ LRC59 (NM_018509) 

LRC59-

mEmerald 

NheI-LRC59-

KpnI-mEmerald- 

Stop-XbaI 

CMV/pcDNA3.1+ 

A 15X linker (GGS)5 was added in between LRC59 

and mEmerald. 

LRC59 (NM_018509) 

MESD-

mEmerald 

NheI-MESD-

KpnI-mEmerald-

Stop-XbaI 

CMV/pcDNA3.1+ 

A 15X linker (GGS)5 was added in between MESD 

and mEmerald. 

MESD (NM_015154) 

KPYM-

mEmerald 

NheI-KPYM-

KpnI-mEmerald-

Stop-XbaI 

CMV/pcDNA3.1+ 

A 15X linker (GGS)5 was added in between KPYM 

and mEmerald. 

KPYM (NM_182470) 

GANAB-

mEmerald 

NheI-GANAB-

KpnI-mEmerald-

Stop-XbaI 

CMV/pcDNA3.1+ 

A 15X linker (GGS)5 was added in between GANAB 

and mEmerald. 

GANAB (NM_198334) 

pLL3.7-

EGFP-

LRC59 

shRNA 

PstI-mU6-LRC59 

shRNA-XhoI 

mU6 for shRNA, 

CMV for 

EGFP/pLL3.7-

EGFP 

shRNA targeting 3'UTR of LRC59 was used for 

knockdown. 

(target sequence: 

GCTCAGTAAATCCAGTCTAAA) 
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Supplementary Figure 1. Schematic description for detailed process of OrthoID. 
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Supplementary Figure 2. Preparation and characterization of model proteins. 

(a) Schematic description of Ad- or Bt-labeled BSA, OVA, and MYB.  

(b) Supra-blot and (c) western blot using CB[7]-HRP and SA-HRP respectively. BSA (B) was characterized to be 

labeled with both Ad and Bt. OVA (O) and MYB (M) were characterized to be labeled with Ad and Bt, respectively. 

Data are representative of three independent experiments with similar results. Source data are provided as a Source 

Data file.  
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Supplementary Figure 3. SPOT-SupraID and SPOT-BioID using model protein mixture (AdBt-BSA, Ad-OVA, 

Bt-MYB) 

(a) Schematic description for identification of model proteins by OrthoID using CB[7]- and SA-beads.  

(b) Results of SPOT-SupraID and SPOT-BioID. 
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Supplementary Figure 4. CLSM images with neither Ad- nor Bt-treated stable cells. BFP-KDEL (green) as an 

ER-marker, Mito-tracker (purple) as a Mito-marker, Cy3-CB[7] (red) for Ad-labeled proteins, and AF488-SA 

(cyan) for Bt-labeled proteins. Data are representative of three independent experiments with similar results. 
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Supplementary Figure 5. Protein band shift assay of IP3R1 protein.  

(a) Schematic description of protein shift assay of IP3R1. IAA represents iodoacetamide and PEG-MAL represents 

methoxypolyethylene glycol-maleimide (MW: 5k). 

(b) Western blot using anti-IP3R1 antibody. 1: non-treated, 2: H2O2 treated (1 mM, 1 min), 3: diamide treated (4 

mM, 30 min). Data are representative of two independent experiments with similar results. Source data are 

provided as a Source Data file. 
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Supplementary Figure 6. Data correlation between the triplicate results of the mass analysis in NT cells.  

(a) Pearson correlation (R) and (b) determination of coefficient (R2) between triplicate datasets from SPOT-

SupraID (red box, R2 > 0.78) and SPOT-BioID (orange box, R2 > 0.78) in NT cells. 
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Supplementary Table 2. Detection methods and functions of known MAM proteins identified by OrthoID 

*References in research article (proximity labeling-based method) 

A: APEX coupled with biochemical fractionation1, B: APEX2 at the ERM and OMM towards the cytosol2 

C: Contact-ID (split pBirA)3, D: Split-TurboID4 

**References in review article: E5, F6, G7, H8, I9, J10 

Accession 
Gene 

Name 

*References 

in research 

article  

(PL-based 

method) 

**References 

in review 

article 

Confirmation method MAM-related function 

Q96S66 CLCC1 A, C, D J 
Fluorescence 

microscopy11 

Interacting partner of 

mitochondria 

microprotein (PIGBOS) 

to regulate unfolded 

protein response 

Q9UGP8 SEC63 A, C    

P60468 SC61B A, C   *ERM Translocon 

conjugated to APEX2 

O94905 ERLN2  J 
Organelle 

fractionation12-13 

Cholesterol 

homeostasis, initiation 

of autophagy14 

P13667 PDIA4 A    

P30101 PDIA3  G 
Organelle 

fractionation15 

Regulation of calcium 

homeostasis16-17 

Q14739 LBR C, D    

Q07065 CKAP4 C J Immunoprecipitation18 

Regulation of 

mitochondria function, 

calcium influx 

P50402 EMD C, D F 
Organelle 

fractionation19 
Spacer/linker at MAM 

Q9NPA0 EMC7 C F  
Phospholipid transfer 

from ER to 

mitochondria20 

O00429 DNM1L D E, F, G, I, J 
Fluorescence 

microscopy21-23 
Mitochondria fission 

Q96AG4 LRC59 A, C  

Fluorescence 

microscopy, Organelle 

fractionation 

(in this study) 

Involved in the 

formation of ER-mito 

contact  

(in this study) 

P51572 BAP31 A, D F, H 
Fluorescence 

microscopy24 
Apoptosis signaling 

Q8N5K1 CISD2 A, C   Maintenance of calcium 

homeostasis25  

P21796 VDAC1 B E, F, H ,I, J 
Organelle 

fractionation26  
Calcium signaling 
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Supplementary Figure 7. Characterization for dual-labeling of identified proteins from OrthoID. 

(a) Schematic description of protein-level sequential enrichment using CB[7]-beads followed by SA-beads. 

(b) Western blotting of protein eluate from sequential enrichment with anti-BAP31 antibody, anti-EMD antibody 

and anti-LRC59 antibody. Anti-EEA1 antibody was tested as a negative control. Data are representative of two 

independent experiments with similar results. Source data are provided as a Source Data file. 
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Supplementary Figure 8. 3D-rendering images reconstructed from z-stacked CLSM images of identified 

proteins from OrthoID. 

(a) LRC59, (b) MESD, (c) KPYM, (d) GANAB fused to mEmerald (green) was visualized. TOM20-BFP (cyan) 

as outer mitochondrial membrane (OMM) marker, Sec61b-mScarlet (red) as ER marker. Scale bar: 10 µm, 

enlargement: 1 µm. Data are representative of three independent experiments with similar results. 
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Supplementary Figure 9. Organelle fractionation of identified proteins from OrthoID. WBL: whole brain tissue 

lysate, ER: endoplasmic reticulum, Pure mito: pure mitochondria, MAM: mitochondria-associated ER membrane. 

Calreticulin and IP3R1 were used as ER and MAM markers, VDAC1 as mitochondria and MAM markers, and 

TIM17 as pure mitochondria marker. Data are representative of three independent experiments with similar results. 

Source data are provided as a Source Data file.   
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Supplementary Table 3. Known functions of soluble ER proteins identified as MAM proteins by our system  

(*GOCC: Gene Ontology Cellular Component, PM: Plasma membrane) 

Accession 
Gene 

name 

Localization 

(GOCC*) 
Known function 

Q14697 GANAB ER 
  -  Mannose trimming related to refolding of protein27 
   -  Sigma1R protein interactome28 

P14618 KPYM ER 

  -  Translation of ER-destined mRNA29 

  -  Inhibition of apoptosis under oxidative stress11 

  -  Interaction between methylated PKM2 and IP3R   

     result in downregulation of IP3R30 

Q14696 MESD ER, PM* 

-  Chaperone for LRP5/6 protein (related to Wnt    

    signaling, glucose uptake for mito regulation)   

    folding & trafficking31 
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Supplementary Figure 10. Labeled peptide sequence and topology of LRC59. 

(a) Known sequence of LRC59 from Uniprot database and Ad/Bt-labeled sites by OrthoID (K (lysine) with Bt 

(blue) and Y (tyrosine) with Ad (red)). 

(b) Schematic description of labeling site-based topology of LRC59 by OrthoID. 
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Supplementary Figure 11. Confirmation of LRC59 protein knockdown by siRNA and expression of siRNA-

resistant LRC59-Myc-DDK protein.  

(a) Western blot using anti-LRC59 antibody. 

(b) Statistical analysis of western blot results. Error bars are the mean ± SD and the numbers in the graph represent 

exact p-values. (n = 3 independent experiments, two-tailed Student’s t-test was used to assess statistical difference.) 

Source data are provided as a Source Data file. 

 

  



18 

 

 
Supplementary Figure 12. Effect of LRC59 in the formation of ER-mito contact site 

(a) CLSM images of a split green fluorescent protein-based contact site sensor (SPLICS) expressed cells in normal, 

LRC59 knockdown, and LRC59 re-expressed condition. ER-Short β11 was expressed in the ERM and OMM-

GFP1-10 was expressed in the OMM. BFP was expressed as a cell marker. Scale bar: 10 µm.  

(b) Quantitative analysis of the fluorescence intensity from SPLICSs (n = 279 cells for scramble siRNA, 262 for 

LRC59 siRNA cells and 252 cells for LRC59 siRNA+siRNA-resistant LRC59 examined in 3 independent 

experiments.) The error bar represents the mean ± SD and the numbers in the graph represent p-values. One-way 

ANOVA and Tukey's post hoc test for multiple comparisons were used to assess statistical differences. Source 

data are provided as a Source Data file. 
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Supplementary Figure 13. Data correlation between the triplicate results of the mass analysis in CCCP-treated 

cells. 

(a) Pearson correlation (R) and (b) determination of coefficient (R2) between triplicate datasets from SPOT-

SupraID (red box, R2 > 0.86) and SPOT-BioID (orange box, R2 > 0.78) in CCCP-treated cells. 
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Supplementary Figure 14. STRING analysis of exclusively identified MAM proteins in CCCP-treated cells.  

STRING confidence: 0.7 (high), MCL clustering inflation parameter: 4. For functional analysis of each cluster, 

Enrichr32 (https://maayanlab.cloud/Enrichr) and gene ontology (GO) enrichment analysis (http://geneontology.org) 

web server were utilized. 
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Supplementary Figure 15. Schematic description of roles of nine exclusively identified proteins from OrthoID 

in CCCP-treated cells at ER-mito junction. Protein names in red (RACK1 and RS3A) are depicted with suggested 

roles in participating autophagosome formation and protein synthesis during mitophagy, respectively, based on 

their known functions described in Table S3. 
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Supplementary Table 4. Known functions of exclusively identified proteins from OrthoID in CCCP-treated cells. 

Accession 
Gene 

name 

Localization 

(GOCC*) 
Known function 

Q96CS3 FAF2 ERM 

- Proteasomal degradation / ER-associated degradation 

(ERAD)33 

- Regulation of ER-mito contacts by alteration of membrane 

composition34 

P55072 TERA ERM 
 - Proteasomal degradation / ER-associated degradation 

(ERAD)33 

P61247 RS3A ER 
- Ribosome assembly, protein translation35 

- Regulating mitochondrial function36 

P62987 RL40 ERM, OMM 
- Ubiquitination, a regulation of the ribosomal protein 

complex37 

Q99714 HCD2 Mito matrix 
- Mitigation of CCCP-induced mito degradation, Increase 

import from cytosol to mitochondria through TOM2038 

Q9Y6C9 MTCH2 OMM - Tail-anchored mitochondrial protein insertase39 

P63244 RACK1 Mitochondrion 
- Participate in the formation of autophagosome and 

induction of autophagy40 

Q16891 MIC60 IMM 

- MICOS complex (interaction with SAM and TOM 

complex at OMM and forms OMM-IMM contact site 

crucial for mitochondrial dynamics)41 

- IMM and cristae structure organization important for 

mtDNA synthesis where the mito-fission occurs42-43 

Q5T9A4 ATD3B IMM - Regulation of IMM structure44 
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Supplementary Figure 16. Increased interactions between proteins at ERM, OMM and IMM detected by 

proximity ligation assay (PLA) under CLSM. 

(a) Representative CLSM images and statistical analysis for counting the number of PLA dots in non-treated and 

CCCP-treated cells. Reaction performed between IP3R1 as an ERM marker protein and VDAC1 as an OMM 

marker protein. (n = 180 cells for Non-treated and 194 cells for CCCP-treated samples were examined in three 

independent experiments.) Scale bar: 10 µm. 

(b) Representative CLSM images and statistical analysis for counting the number of PLA dots in non-treated and 

CCCP-treated cells. Reaction performed between MIC60 as an IMM marker protein and SAM50 as an OMM 

marker protein. (n = 100 cells for Non-treated and 80 cells for CCCP-treated samples were examined in three 

independent experiments.) Scale bar: 10 µm. The error bar in panels a and b represents the mean ± SD and the 

numbers in the graph represent p-values. Two-tailed unpaired Student's t-test was used to assess statistical 

differences. Source data are provided as a Source Data file. 
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