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)) The development of subcellular protein labeling methods
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The chemical affinity labeling methods with organelle-targeting reactive probes
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Interrogating biological systems using visible-light-
powered catalysis
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Photoactivatable proximity labelling for organellar proteomics

Cellular microenvironment mapping via photoproximity labelling
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)) Photocatalytic proximity labeling with localized organic dyes and aryl azide
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Representative transition-metal photocatalysts based on heavy metals ruthenium and iridium and organic photocatalysts
acridine orange (AO), fluorescein (Fluo), and rhodamine 123 (Rh 123).
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Stable aryl azide probes were activated to the reactive probes only in the proximity of the localized organic dyes for spatial
protein labeling reactions under visible light irradiation.
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Figure 2. Photocatalytic labeling of bovine serum albumin (BSA) in vitro. (a) Structures of probes 1-3. The chemical labeling groups and linkers are shown in black, and the biotin
groups for enrichment are shown in red. (b) Photocatalytic BSA labeling with biotin probes 1-3 using fluorescein (Fluo) under the blue LED irradiation (468 nm, 5.8 mW/cm?) at 25 °C
for 60 min. Control experiments with AzPh-biotin probe 1 showed the fluorescein and the light irradiation were critical for the reaction. The biotinylated-BSA was analyzed by HRP-
conjugated streptavidin (streptavidin-HRP), and the BSA proteins were detected by Coomassie brilliant blue staining (CBB staining). BSA (2 uM in pH 7.4 PBS buffer), fluorescein
(100 uM), and probes 1-3 (100 uM). (c) Photocatalytic BSA labeling with AzPh-biotin probe 1 (100 uM) by different organic dyes (100 uM) in the air atmosphere or the nitrogen
atmosphere under a Xe lamp source at 25 °C for 1 min (15 cm from Xe lamp, 19.8 mW/cm? with 500 nm band-pass filter for lanes 1-4, 550 nm band pass filter for lanes 5 and 6).
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)) Mechanism Investigation of the Photocatalytic Azide-Promoted Protein Labeling
)
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Figure 3. Mechanistic studies of the photocatalytic azide-promoted protein labeling reaction. (a) Plausible photocatalysis reaction pathways (single electron
transfer or energy transfer) to generate the reactive intermediates from aryl azides. (b) Conversion of 4-azidobenzoic acid 4 (R = H) (200 uM) after visible light
irradiation at 25 °C for 1 h in PBS buffer (10 mM, pH 7.4) (xenon lamp equipped with band-pass filters, 19.8 mW cm-2) by organic dyes (50 uM) with different
triplet energies. ¢) The formation of aniline 7, azepine 8, and thiolether-substituted aniline 10 supported the triplet nitrene, ketenimine, and benzazirine
intermediates. The solution of 5 (0.10 mmol), Acridine Orange (0.020 mmol) and amine or thiols (5 mmol) in methanol were under blue LED (10.4 mW/cm?2)
irradiation at 25 °C for 4048 h. (d) LC-MS/MS analysis of the AzPh-biotin probe 1 labeled nucleophilic amino acid residues on BSA protein.



D selective Mitochondrial Proteins Labeling Inside Live Cells
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D selective Mitochondrial Proteins Labeling Inside Live Cells
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Figure 4. Photocatalytic labeling of the mitochondrial proteome by AzPh-biotin probe 1 in MCF-7 cells. (a) Photocatalytic mitochondrial proteome labeling scheme and confocal
fluorescence microscopy analysis of AzPh-biotin probe 1 with Rh 123 in MCF-7 cells. The green dots represent the organic dye Rh 123, and the red circles represent the
mitochondrial proteome labeled in the proximity of Rh 123. Cells were irradiated by the green LED with Rh 123 at 37 °C for 1 h (5§15 nm, 2.9 mW/cm2). TMRE (green) stains the
mitochondria, and CyS5-streptavidin (red) detects the biotinylated proteins. The merged image shows good colocalization (R = 0.87, colocalization was quantified using
Pearson’s R-value calculated with Coloc 2 in Imagel). Scale bar: 20 um. Rh 123 (20 uM), AzPh-biotin probe 1 (200 uM). (b) Proteome labeling in MCF-7 cells with AzPh-biotin
probe 1 by green LED irradiation with Rh 123 for 1 h (515 nm, 2.9 mW/cm2) or UV light irradiation for 20 min (365 nm, 11.8 mW/cm2) at 37 °C. (¢c) MTT cell viability assay for
the cytotoxicity of Rh 123 labeling using AzPh-biotin probe 1 under green LED irradiation at 37 °C for 1 h (5§15 nm, 2.9 mW/cm?2). (d) Counts of the photocatalytic labeled MCF-
7 mitochondrial proteins by the LC-MS/MS analysis with Rh 123 and the AzPh-biotin probe 1. The annotations were performed by the DAVID (167/333, 50.2%, DAVID) or by
the combined databases including DAVID, Uniprot, and MitoCarta 2.0 (201/333, 60.4%, multiple).



)) Mitochondrial Proteins Mapping for Stress-Response Proteins Identification
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Figure 5. Photocatalytic proteome mapping of the mitochondria for the rotenone-induced stress response. (a) HeLa cells underwent mitochondrial stress response with the mild stress
induced by the low-concentration of rotenone, while the depletion of mitochondrial mass was detected with the severe mitochondrial toxicity induced by the high-concentration of rotenone.
(b) Volcano plot of the identified proteins by the high concentration (2 pM) of rotenone treatment and the changed protein counts. A significant portion of the decreased protein
measurement was observed in mitochondria (26/31, 83.9%). (¢) Volcano plot of the identified proteins by the low concentration (0.02 pM) of rotenone treatment and the changed protein
counts. A significant portion of the increased protein measurement was observed in mitochondria (8/13, 61.5%). The decreased protein measurement is colored in blue, and the increased
protein measurement is colored in red. FC: fold-change.
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