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Proteomic analysis of mitochondria-ER contacts reveals key proteins involved in metabolic regulation in hepatocytes
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Figure S1. Mitochondria-ER contact is sensitive to nutritional challenges. 
(A) Representative single plane images of the HMERCS cells under normal condition (NC), high concentration of glucose (HG), oleic acids (OA) treatment and starvation with Hanks' Balanced Salt Solution (HB). The duration of the nutritional stress was 16 h. Scale bar, 10 μm. 
(B) Quantification analysis of MERCs normalized to mitochondria in cell populations under the indicated conditions. n = 10-13 images were analyzed.  
(C) Quantification analysis of MERCs normalized to mitochondria in individual cells under the indicated conditions. n = 45-50 cells were analyzed. The experiments shown in B and C were a representative of three biological replicates. Data were presented as mean ± SEM. * P≤0.05, ** P≤0.01, **** P≤0.0001 (one-way ANOVA).
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Figure S2. Mitochondria-ER contact is sensitive to nutritional challenges. 
(A) Representative TEM images of the HMERCS cells under normal condition (NC), high concentration of glucose (HG), oleic acids (OA) treatment and starvation with Hanks' Balanced Salt Solution (HB). The duration of the nutritional stress was 16 h. Scale bar, 200 nm. 
(B) Quantification of the contact length normalized to mitochondria under the indicated conditions. N = 50 fields were analyzed. The experiments shown were a representative of three biological replicates. Data were presented as mean ± SEM. ** P≤0.01, *** P≤0.001, **** P≤0.0001 (one-way ANOVA).
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Figure S3. Pathway analysis of MERCs proteins sensitive to nutrition challenges.
[bookmark: OLE_LINK3](A-D) KEGG metabolic process analysis of the MERCs proteins sensitive to nutrition challenges.
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Figure S4. Fluorescence images of the MERCs proteins in fixed and living cells.
(A-D) Immunofluorescence analysis of MERCs proteins in fixed HepG2 cells. HepG2 cells stably expressing HA-tagged ARMCX3 (A), AMBRA1 (B), LPCAT1 (C), or FADS3 (D) were cultured in were cultured in complete medium and subjected for immunofluorescence staining. These MERCs proteins were visualized using an anti-HA antibody conjugated to Alexa Fluor 568 (red). The endoplasmic reticulum (ER) was labeled with an anti-SEC61β antibody conjugated to Alexa Fluor 488 (green). Mitochondria were stained with MitoTracker Deep Red (blue). Scale bars: 5 μm. The smaller images were magnified views of the boxed regions. The corresponding line plot analysis on the right depicted the fluorescence intensity profiles across the white dashed lines in the merged images. Scale bars: 1 μm.
(E-G) Fluorescence images of the MERCs proteins in living cells. HepG2 cells were co-transfected with an ER-EGFP marker (green) and plasmids encoding MO2-tagged ARMCX3 (E), AMBRA1 (F), or LPCAT1 (G). Mitochondria were labeled with MitoTracker Deep Red (blue). Live-cell images were acquired at indicated time points using a Zeiss LSM 980 confocal microscope with a 63×/1.40 NA oil immersion objective. Scale bars: 10 μm. The smaller images were magnified views of the boxed regions. The upper panels exhibited merged three-channel images. The middle panels showed the signal from the MO2-tagged proteins (red). The lower panels were the merged ER (green) and mitochondria (blue) images. The white arrows highlighted representative contact events. Scale bars: 2 μm.
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Figure S5. A time course study of mitochondria-ER contacts in response to starvation.
(A) TEM images of MERCs in mice liver cells under different fasting durations. Scale bar: 200 nm.
(B-E) Statistical analysis of ration contact length (B), ratio mitochondria area (C), ER length (D) and ER total area (D). N = 4 mice and N = 200 images in each group. NS, no significance. *, P ≤ 0.05. (one-way ANOVA).
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Figure S6. Blood glucose (A) and body weight (B) of control and shFADS3-mice under normal and starvation conditions. 
N = 6 mice for each group. NS, no significance. (one-way ANOVA).
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Figure S7. Volcano plots for comparative proteomic analysis of mice liver.
(A-D) Volcanic plots for comparative proteomic analysis of liver from wild-type mice (shNC) or FADS3 knockout mice (shFADS3) under feeding (normal condition, NC) or starvation condition (starved). (A): wild-type mice under feeding or starvation condition (shNC-NC / shNC-Starved). (B): FADS3 knockout mice under feeding or starvation condition (shFADS3-NC / shFADS3-Starved). (C): wild-type mice or FADS3 knockout mice under feeding condition (shNC-NC / shFADS3-NC). (D): wild-type mice or FADS3 knockout mice under starvation condition (shNC-Starved / shFADS3-Starved). N = 3 mice for each group. 
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Figure S8. Western blot analysis of functional differential protein clusters in MERCs.
The protein classification outcomes were validated using Western blot analysis of the MERCs of HepG2 cells with antibodies against ACOT1, ACOT2, FADS3 and Cyt-C.
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Figure S9. Volcano plots for comparative lipidomic analysis of mice liver under feeding or starvation conditions.
(A) Principal components analysis (PCA) of the hepatic lipidome across all experimental groups. 
(B-D) Volcanic plots for comparative lipidomic analysis of liver from wild-type mice (shNC) or FADS3 knockout mice (shFADS3) under feeding (normal condition, NC) or starvation condition (starved). (B): wild-type mice (shNC) or FADS3 knockout mice (shFADS3) under feeding condition (shNC-NC / shFADS3-NC). (C): wild-type mice under feeding or starvation condition (shNC-NC / shNC-Starved). (D): FADS3 knockout mice under feeding or starvation condition (shFADS3-NC / shFADS3-Starved). N = 6 mice for each group. 
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Figure S10. Heatmap of the altered lipid classes of mice liver.


Supplementary table
Supplementary table 1. The primers used in this paper.
	Primer name
	Sequence (5’-3’)

	Gfp1-10-v5 up
	atgtccaaaggagaagaactgtttac

	Gfp1-10-v5 down
	cgtagaatcgagaccgaggaga

	pCDH-Gfp1-10-v5-plin2 up
	aagaattcatgtccaaaggagaagaactgtttac

	pCDH-Gfp1-10-v5-plin2 down
	ttgcggccgcttaatgagttttatgctcagatcgctg

	pCDH-mito-sfGFP11 up
	aagctagcccaccatggtgggtcggaacagcgccat

	pCDH-mito-sfGFP11 down
	ttggatccttaagtgatgcctgcggcgttaa

	pApex2-GFPnanobody-C1 up
	aagctagcatgggaaagtcttacccaactgt

	pApex2-GFPnanobody-C1 down
	ttggatcctcaagaggacacggtcacctgggta

	FADS3-sgRNA1 up
	caccggcgggtccctcccgcggtcc

	FADS3-sgRNA1 down
	aaacggaccgcgggagggacccgcc

	FADS3-sgRNA2 up
	caccgggctgcgcgggtccctcccg

	FADS3-sgRNA2 down
	aaaccgggagggacccgcgcagccc

	FADS3-sgRNA3 up
	caccggggagggacccgcgcagccg

	FADS3-sgRNA3 down
	aaaccggctgcgcgggtccctcccc

	pQCXIP-FADS3-HA up
	ggaacgctgcaggaattgatgcggccgcaccatgggcggcgtcggggag

	pQCXIP-FADS3-HA down
	gggggggagggagaggggcggaattcttaagcgtagtctgggacgtcgtatgggtacatggtgggatccggctgatggaggtaggcgtcca

	ARMCX3 up
	atgggctacgccaggaaagtag

	ARMCX3 down
	ttcctggctctttgggaacatatg

	AMBRA1 up
	atgaaggttgtcccagaaaag

	AMBRA1 down
	cctgttccgtggttctcccc

	LPCAT1 up
	atgaggctgcggggatgcgg

	LPCAT1 down
	atccagcttcttgcgaacag

	Apex2-GFPnanobody
	atgggaaagtcttacccaactgtgagtgctgattaccaggacgccgttgagaaggcgaagaagaagctcagaggcttcatcgctgagaagagatgcgctcctctaatgctccgtttggcattccactctgctggaacctttgacaagggcacgaagaccggtggacccttcggaaccatcaagcaccctgccgaactggctcacagcgctaacaacggtcttgacatcgctgttaggcttttggagccactcaaggcggagttccctattttgagctacgccgatttctaccagttggctggcgttgttgccgttgaggtcacgggtggacctaaggttccattccaccctggaagagaggacaagcctgagccaccaccagagggtcgcttgcccgatcccactaagggttctgaccatttgagagatgtgtttggcaaagctatggggcttactgaccaagatatcgttgctctatctgggggtcacactattggagctgcacacaaggagcgttctggatttgagggtccctggacctctaatcctcttattttcgacaactcatacttcacggagttgttgagtggtgagaaggaaggtctccttcagctaccttctgacaaggctcttttgtctgaccctgtattccgccctctcgttgacaaatatgcagcggacgaagatgccttctttgctgattacgctgaggctcaccaaaagctttccgagcttgggtttgctgatgccctgcagctgcctcccctggagcgcctgaccctggacttgaattctcaggtgcagctggtggagtctggtggtgctctggtgcagccaggaggtagcctgagactgtcctgcgccgcttctggtttccccgtgaaccgttactctatgcgctggtacaggcaggctcctggcaaggagagagaatgggtggctggtatgagctccgctggagaccgttctagctacgaagacagcgtgaagggcaggttcaccatctccagagacgacgcccgtaacaccgtgtacctgcagatgaacagcctgaagcccgaggacaccgctgtgtactactgcaacgtgaacgtgggattcgaatactggggacagggtacccaggtgaccgtgtcctcttga

	shRNA（NC）
	gaagtcgtgagaagtagaa

	shRNA（FADS3-1）
	gcatgacctaccaggcgacaa

	shRNA（FADS3-2）
	catgcttccatcttcactaag

	shRNA（FADS3-3）
	ggcaagaagaaacgcagatac




Supplementary table 2. Key antibodies table.
	Antibodies
	Source
	Identifier

	Anti-V5 tag antibody
	Abcam
	Cat#ab27671

	HRP conjugated streptavidin
	Pierce
	Cat#21130

	HA Tag Monoclonal Antibody
	Invitrogen
	Cat#26183

	Tom20 antibody
	Santa Cruz
	Cat#sc-17764

	GFP tag Polyclonal antibody
	Proteintech
	Cat#50430-2-AP

	Calnexin Polyclonal antibody
	Proteintech
	Cat#10427-2-AP

	SEC61B Polyclonal antibody
	Proteintech
	Cat#15087-1-AP

	ARMCX3 Polyclonal antibody
	Proteintech
	Cat#25705-1-AP

	AMBRA1 Polyclonal antibody
	Proteintech
	Cat#3762-1-AP

	LPCAT1 Polyclonal antibody
	Proteintech
	Cat#16112-1-AP

	FADS3 Polyclonal antibody
	Proteintech
	Cat#15205-1-AP

	Streptavidin, Alexa Fluor 555 conjugate
	Invitrogen
	Cat#S21381

	Goat anti-Mouse IgG, Alexa Fluor 488
	Invitrogen
	Cat#A11001

	Goat anti-Rabbit IgG, Alexa Fluor 488
	Invitrogen
	Cat#A11008

	Donkey anti-Rabbit IgG, Alexa Fluor 568
	Invitrogen
	Cat#A10042

	Goat anti-Mouse IgG, Alexa Fluor 647
	Invitrogen
	Cat#A21235
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