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Supplementary text
Alignment process of the cryo-EM structure of the protein complex with the AlphaFold model structure of some
subunits

The structure of complex IV (5262) was aligned based on the supercomplex CICIII,CIV structure (SCl4lll,1V,; PDB:5XTH)
(RMSD =0.863, 61 to 61 atoms). The AlphaFold model of protein NDUFS7 was aligned based on the SCI.lll,1V; structure (PDB
code: 5XTH) (RMSD = 0.543, 143 to 143 atoms). The AlphaFold model of protein NDUFB8 was aligned based on the SCl4l11,1V4
structure (PDB code: 5XTH) (RMSD = 0.752, 131 to 131 atoms). The AlphaFold model of NDUFV3 was aligned based on the
SCl411,1V4 structure (PDB code: 5XTH) (RMSD =0.773, 25 to 25 atoms). The AlphaFold model of protein NDUFA13 was aligned
based on the SCl4III,1V; structure (PDB code: 5XTH) (RMSD = 0.996, 112 to 112 atoms). The AlphaFold model of protein
NDUFA2 was aligned based on the SCl4lll,1V, structure (PDB code: 5XTH) (RMSD = 0.756, 76 to 76 atoms). The AlphaFold
model of protein UQCRC2 was aligned based on the AW chain of the SCI, 1111V, structure (PDB code: 5XTH) (RMSD = 0.769,
392 to 392 atoms), and on the AK chain of the SCI; 1111V, structure (PDB code: 5XTH) (RMSD = 0.758, 382 to 382 atoms). The
AlphaFold model of protein UQCRB was aligned based on the AF chain of the SCI4lll,1V, structure (PDB code: 5XTH) (RMSD
=0.402, 97 to 97 atoms), and on the AS chain of the SCllll,1V, structure (PDB code: 5XTH) (RMSD = 0.268, 97 to 97 atoms).
The AlphaFold model of protein SDHB was aligned based on the complex Il structure (PDB code: 8GS8) (RMSD = 0.329, 223
to 223 atoms). The 15 crosslinked peptide identified were located in the unresolved region of the reported protein structure,
including COX6C (Lys-1 to Lys-47), NDUFS7 (Lys-66 to Lys-55), NDUFA2 (Lys-13 to Lys-98, Lys-13 to Lys-64, and Lys-13 to Lys-
45), NDUFBS8 (Lys-32 to Lys-34), NDUFV3 (Lys-51 to Lys-56), NDUFA13 (Lys-5 to Lys-7), UQCRC2 (Lys-21 to Lys-23), UQCRB
(Lys-4 to Lys-19, Lys-4 to Lys-12) and SDHB (Lys-267 to Lys-274). The inter crosslinked peptides of UQCRC2(Lys-92) and
UQCRB (Lys-4) were matched to the AlphaFold prediction model.

The AlphaFold model of protein ATP5ME was aligned based on the human ATP synthase structure (PDB code: 8H9U)
(RMSD = 0.510, 42 to 42 atoms). The AlphaFold model of protein ATP5F1E was aligned based on the human ATP synthase
structure (PDB code: 8H9U) (RMSD = 0.669, 41 to 41 atoms). The AlphaFold model of protein ATP5MF was aligned based on
the human ATP synthase structure (PDB code: 8H9U) (RMSD = 2.676, 61 to 61 atoms). The AlphaFold model of protein
ATP5MG was aligned based on the human ATP synthase structure (PDB code: 8H9U) (RMSD = 0.676, 70 to 70 atoms). The
AlphaFold model of protein ATP5IF1 was aligned based on the human ATP synthase structure (PDB code: 8H9U) (RMSD =
0.395, 32 to 32 atoms). The AlphaFold model of protein ATP5MPL was aligned based on the human ATP synthase structure
(PDB code: 8H9U) (RMSD = 7.350, 40 to 40 atoms). The AlphaFold model of protein MT-ATP8 was aligned based on the
human ATP synthase structure (PDB code: 8H9U) (RMSD = 7.164, 51 to 51 atoms). The AlphaFold model of protein ATP5PD
was aligned based on the human ATP synthase structure (PDB code: 8H9U) (RMSD = 5.576, 149 to 149 atoms). The AlphaFold
model of protein ATP5PB was aligned based on the human ATP synthase structure (PDB code: 8H9U) (RMSD = 4.041, 188 to
188 atoms). The 23 crosslinked peptide amino acids identified were located in the unresolved region of human ATP synthase,
including ATP5ME (Lys-1 to Lys-34, Lys-69 to Lys-55, Lys-69 to Lys-34, Lys-50 to Lys-48, and Lys-49 to Lys-50), ATP5F1E (Lys-47
to Lys-49), ATP5MF (Lys-14 to Lys-17 and Lys-16 to Lys-17), ATP5MG (Lys-24 to Lys-54 and Lys-24 to Lys-11), ATP5IF1 (Lys-
82 to Lys-90, Lys-71 to Lys-72, Lys-82 to Lys-83, Lys-96 to Lys-98 and Lys-100 to Lys-1033), ATP5MPL(Lys-46 to Lys-49), MT-
ATP8(Lys-49 to Lys-54), ATP5PD(Lys-1 to Lys-5) and ATP5PB (Lys-233 to Lys-244, Lys-233 to Lys-249 and Lys-221 to Lys-233).
The above crosslinked peptides were matched to the AlphaFold prediction model.

The AlphaFold model of protein MRPL12 was aligned with the t chain of MRPL12 in the ribosomal protein complex
structure (PDB code:7Ql4) (RMSD = 1.859, 36 to 36 atoms); aligned with the u chain of MRPL12 (PDB code:7Ql4) (RMSD =
1.105, 32 to 32 atoms); aligned with the MRPL12 chain v (PDB code:7Ql4) (RMSD = 1.027, 28 to 28 atoms); aligned with the
MRPL12 chain w (PDB code:7Ql4) (RMSD = 0.752, 26 to 26 atoms); aligned with the MRPL12 chain x (PDB code:7Ql4) (RMSD
=1.199, 28 to 28 atoms) and aligned with the MRPL12 chain y (PDB code:7Ql4) (RMSD =1.199, 28 to 28 atoms. The AlphaFold
model of protein MRPS28 was aligned based on the ribosomal protein complex structure (PDB code: PDB code:7Ql4) (RMSD
= 0.364, 86 to 86 atoms). The AlphaFold model of protein MRPL52 was aligned based on the ribosomal protein complex
structure (PDB code:7Ql4) (RMSD = 0.597, 78 to 78 atoms). The AlphaFold model of protein MRPL31 was aligned based on
the ribosomal protein complex structure (PDB code:7Ql4) (RMSD = 0.909, 101 to 101 atoms). The AlphaFold model of
protein MRPL48 was aligned based on the ribosomal protein complex structure (PDB code:7Ql4) (RMSD = 0.785, 148 to 148
atoms). The AlphaFold model of protein MRPL50 was aligned based on the ribosomal protein complex structure (PDB code:
7Ql4) (RMSD = 0.406, 89 to 89 atoms). The 15 crosslinked peptide amino acids identified were located in the unresolved



region of the ribosomal protein complex structure, including MRPL12 (Lys-150 to Lys-183, Lys-150 to Lys-138, Lys-150 to
Lys-142, Lys-185 to Lys-178, Lys-163 to Lys-183, Lys-173 to Lys-162, Lys-162 to Lys-147 and Lys-142 to Lys-144 ), MRPS28
(Lys-71 to Lys-75), MRPL52 (Lys-117 to Lys-110), MRPL31 (Lys-107 to Lys-97, Lys-195 to Lys-198 and Lys-145 to Lys-146),
MRPL48 (Lys-1 to Lys-7) and MRPL50 (Lys-32 to Lys-34), the above crosslinked peptides were matched to the AlphaFold

prediction model.

Reference database

The copy number of proteins was obtained from Ref 1. The Human.MitoCarta3.0 database was obtained from the
MitoCarta3.0 website (https://www.broadinstitute.org/mitocarta)?. The experimental structures of the proteins were
obtained from the PDB database. The detected residues located in the unreported region of the reported structure or the
region lacking the experiment structure of the predicated structure of the proteins were obtained using the Uniprot plug in
the AlphaFold model (https://alphafold.ebi.ac.uk/entry/)3.


https://alphafold.ebi.ac.uk/entry/

Supplementary Figures
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Supplementary Figure 1. Map of interaction sites of crosslinked peptides identified in mitochondria of tumor cells of
tumor-bearing mice. Analysis of the crosslinked peptide results identified in all fractionations in a global view. Protein-
Protein interactions (PPIs) were determined through the targeted delivery of crosslinkers to the mitochondria in the HepG2
cells via NPs for crosslinking. The nodes represented individual protein sites, and the lines represented all crosslinks
identified between two proteins. Each node was colored based on the number of samples in which each protein interaction
was observed. An interactive network depicting site-to-site interactions is available in Source Data file.
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Supplementary Figure 2. Violin plot and box plot comparison of the copy-number distribution of proteins covered by
crosslinked peptides identified in tumor-bearing mice and cultured HepG2 cell®. Violin plot of the distribution of the copy
number of proteins detected in all crosslinked peptides spanned a dynamic range of five orders of magnitude, which
correlated with the protein expression abundance. For boxplots, the center line, boxes and whiskers represent the median,
inner quartiles, and rest of the data distribution Data was represented as mean values £ SD, n = 3 biological triplicates.
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Supplementary Figure 3. Inter-type identified PPIs and scored in the string database. Low confidence = 0.15-0.4; medium
confidence = 0.4-0.7; high confidence = 0.7-0.9; highest confidence = 0.9-1.
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Supplementary Figure 4. PPls comparison of crosslinked peptides identified in tumor-bearing mice and cultured HepG2
cells®. a Venn diagram of PPIs identified in HepG2 cells from tumor-bearing mice versus cultured HepG2 cells. b Ten
overlapping PPIs detected between the two groups.
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Supplementary Figure 5. Pathway analysis of the identified oxidatively phosphorylated proteins and thermogenic
metabolic proteins in all fractionations using KEGG mapper. KEGG mapper was used to analyze the biological pathways of
the proteins in oxidatively phosphorylated proteins and thermogenic metabolic proteins, which were identified by
crosslinked peptides. The protein subunits identified by the crosslinked peptides were shown in pink, and those not
identified were shown in green. The proteins from bacteria or archaea were shown in white (abbreviation: B/A).
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Supplementary Figure 6. Crosslinked peptides of thermogenic metabolic proteins in all fractionations. a. The crosslinked
peptides of thermogenic metabolic proteins were selected from Fig. S1 and displayed individually, where the nodes
represent individual proteins, and the lines represent all crosslinks identified between two proteins. Each node was colored
based on the number of samples in which each protein interaction was observed. b. Histograms showing the length
distribution of all distance restraints on the thermogenic metabolic proteins in Fig. S7 after docking.
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Supplementary Figure 7. Crosslinked sites mapped on thermogenic metabolic proteins in all fractionations. The
crosslinked sites were mapped onto the corresponding protein structures. Crosslinks within 30 A are shown in blue (PDB
model) or green (AlphaFold model).
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Supplementary Figure 8. Pathway analysis of the identified mitochondrial ribosomal proteins in all fractionations using
KEGG mapper. KEGG mapper was used to analyze the biological pathways of the proteins in mitochondrial ribosomal
proteins, which were identified by crosslinked peptides. The protein subunits identified by the crosslinked peptides were
shown in pink, and those not identified were shown in green. The proteins from bacteria or archaea were shown in white

(abbreviation: B/A).
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Supplementary Figure 9. Pathway analysis of the identified branched-chain amino acids degradation proteins in all
fractionations using KEGG mapper. KEGG mapper was used to analyze the biological pathways of the proteins in
mitochondrial valine, leucine and isoleucine degradation, which were identified by crosslinked peptides. The protein
subunits identified by the crosslinked peptides were shown in pink, and those not identified were shown in green. The
proteins from bacteria or archaea were shown in white (abbreviation: B/A).



a A} HIBADH pBT

f

ALDHz ~ ALDH1B1 ALDH9A1 ACADS HSD17B1D Il Ca-Ca distance (PDB model > 30 A)
S 7 -; : o 14 [ Ca-Ca distance (Alpha Fold model > 30 A)
S s I Ca-Ca distance (PDB model < 30 A)
HADHA HADHB Sz [ Ca-Ca distance (Alpha Fold model < 30 A)
HAls), o HADH HMGCL HMGCS2 %12
= ® a
) = 1. 3]
RN Yoc0” C E
- OXCT1 ¥ B4
ACADSB ACAT1  ALDHBAT Al DH7A1 cai ' 2
s 13 Ny ¢ 5 64
P o < %
3 E ol
PCcCB AUH MCCC1 BCAT2 OXCT2 MCCC2 -E
\ L b6 B W 4 2 & |
. o] NI |
, Identified Link o 10 20 30 P 50
27 protein @ Proteinsite Co-Ca distance

105 cross-linked peptides
. pepH 1 -_12 Sample IDs

Supplementary Figure 10. Crosslinked peptides of branched-chain amino acids degradation proteins in all fractionations.
a Crosslinked peptides involved in mitochondrial valine, leucine and isoleucine degradation were selected from Fig. S1 and
displayed individually. In the network, nodes represent proteins and lines represent identified crosslinks between them.
Node colors indicate the number of samples in which each protein interaction was observed. b Histograms show the length
distribution of all distance restraints on the protein structures (from Fig. S11) after docking.
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Figure 11.  Structural analysis of crosslinked peptides from branched-chain amino acids degradation proteins in all

fractionations. The crosslinked sites were mapped onto the corresponding protein structures. Crosslinks within 30 A are

shown in blue (PDB model) or green (AlphaFold model), while those exceeding 30 A are shown in red (PDB) or orange
(AlphaFold).
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