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SUPPLEMENTAL METHODS
[bookmark: _Hlk122682930]Mouse model of oxygen-induced retinopathy (OIR)

All mouse experiments followed the ARVO Statement for Use of Animals in Ophthalmic Vision and Research and the ethical principles established by the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publications No. 8523, revised 2011). The work was approved and in accordance with Boston Children’s Hospital’s Institutional Animal Care and Use Committee (IACUC) protocol No. 00001619.

C57BL/6J mouse pups and their nursing dam were exposed to 75% O2 (ProOx Model 110, Biospherix) from postnatal day (P)7-P12 and returned to room air (21% O2) at P12, resulting in hyperoxia-induced central retinal vaso-obliteration. Relative hypoxia-induced midperipheral retinal neovascularization begins to form from P14 and peaks at P17 [1] (Fig. 1a). Control mice were maintained in room air. For BaroFuse analysis of P17 OIR vs. normal control mice, one litter was split into two cages, each surrogated with a nursing dam. 

[bookmark: _Hlk156485535]For in vivo testing, sodium pyruvate (50 μg/g body weight, P2256, Sigma-Aldrich) or vehicle control (phosphate buffered saline, PBS) was intraperitoneally administered to littermate mouse pups daily from P12-P14 (prior to onset of neovessel formation) or P14-P16 (during neovessel formation). Sodium pyruvate at a lower (10 μg/g) and higher (70 μg/g) dose from P14-P16 was also tested in OIR. Retinas were collected at P17 and stained with isolectin GS-IB4 (vessel marker, Invitrogen, I21413). Images were taken using a Zeiss confocal microscope. Retinal vascular pathology was quantified with Image J plugin SWIFT_NV [2,3].

Proteomics analysis using tandem mass tag (TMT) mass spectrometry

[bookmark: _Hlk164245072]For TMT mass spectrometry, retinas were isolated at P17 from OIR and normal control mice (n=6 mice/group). Total proteome analysis was conducted at the Thermo Fisher Center for Multiplexed Proteomics at Harvard Medical School. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE [4] partner repository with the dataset identifier PXD051410 and 10.6019/PXD051410. There were 18 samples in the TMT dataset. Here, we report on 12 samples, and 6 samples will be reported in a separate study. 

Sample preparation for mass spectrometry: Samples for protein analysis were prepared as described [5,6]. Proteins were extracted with buffer containing 200 mM 4-(2-Hydroxyethyl)-1-piperazinepropanesulfonic acid (EPPS) (E9502, Sigma-Aldrich) pH 8.5, 8 M urea, and protease inhibitors. Following lysis, each sample was reduced with 5 mM Tris(2-carboxyethyl)phosphine hydrochloride (TCEP) (77720, Thermo Fisher Scientific). Cysteine residues were alkylated using 10 mM iodoacetamide for 20 min at room temperature (RT) in the dark. Excess iodoacetamide was quenched with 10 mM dithiothreitol (DTT). 100 µg of each proteome were precipitated and re-solubilized in 200 mM EPPS pH 8.5. Samples were digested with the endoproteinase Lys-C (1:50) overnight at RT and subsequently with trypsin (1:100) for 6 hr at 37°C. Anhydrous acetonitrile was added to each sample to achieve a final concentration of 33% acetonitrile. 50 µg of peptides from each sample were labeled with TMTPro reagents (A44520, Thermo Fisher Scientific) for 2 hr at RT. Labeling reactions were quenched with 0.5% hydroxylamine and acidified with formic acid. Acidified peptides were combined and desalted by Sep-Pak (WAT054960, Waters). 

Basic pH reversed-phase separation (BPRP): TMT-labeled peptides were solubilized in 5% acetonitrile/10 mM ammonium bicarbonate pH 8.0 and ~300 µg of TMT-labeled peptides were separated by an Agilent 300 Extend C18 column (3.5 µm particles, 4.6 mm ID, and 250 mm in length). An Agilent 1260 binary pump coupled with a photodiode array (PDA) detector (056126, Thermo Scientific) was used to separate the peptides. A 45 min linear gradient from 10% to 40% acetonitrile in 10 mM ammonium bicarbonate pH 8.0 (flow rate of 0.6 mL/min) separated the peptide mixtures into a total of 96 fractions (36 s) which were consolidated into 24 samples in a checkerboard fashion and vacuum-dried to completion. Each sample was desalted via Stage Tips and re-dissolved in 5% formic acid (FA)/ 5% ACN for mass spectrometry.

Liquid chromatography separation and tandem mass spectrometry (LC-MS3): Spectra were collected on an Orbitrap Fusion Lumos mass spectrometer (Thermo Fisher Scientific) coupled to a Proxeon EASY-nLC 1000 LC pump (Thermo Fisher Scientific). Fractionated peptides were separated using a 180 min gradient at 600 nL/min on a 35 cm column (i.d. 100 μm, Accucore, 2.6 μm, 150 Å) packed in-house. MS1 data were collected in the Orbitrap (120,000 resolution; maximum injection time 50 ms; automatic gain control (AGC) 10 × 105). Charge states between 2 and 5 were required for MS2 analysis, and a 180 s dynamic exclusion window was used. Top 10 MS2 scans were performed in the ion trap with collision induced dissociation (CID) fragmentation (isolation window 0.5 Da; Rapid; normalized collision energy (NCE) 35%; maximum injection time 50 ms; AGC 1.2 × 104). An on-line real-time search algorithm (Orbiter) was used to trigger MS3 scans for quantification [7]. MS3 scans were collected in the Orbitrap using a resolution of 50,000, NCE of 65%, maximum injection time of 200 ms, and AGC of 3.0 × 105. The close out was set at 2 peptides per protein per fraction [7]. 

[bookmark: _Hlk131241657]Data analysis: Raw files were converted to mzXML, and monoisotopic peaks were re-assigned using Monocle [8]. Searches were performed using the Comet search algorithm against a mouse database downloaded from Uniprot in May 2021. The database contains 63914 forward sequences. However, to estimate False Discovery Rate (FDR), we also included all the reverse sequences for each of those 63,914 sequences. Therefore, the total number of entries is 127,828 (63,914x2). We used a 50 ppm precursor ion tolerance, 1.0005 fragment ion tolerance, and 0.4 fragment bin offset for MS2 scans collected in the ion trap. TMTpro on lysine residues and peptide N-termini (+304.2071 Da) and carbamidomethylation of cysteine residues (+57.0215 Da) were set as static modifications, while oxidation of methionine residues (+15.9949 Da) was set as a variable modification.

Each run was filtered separately to 1% FDR on the peptide-spectrum match (PSM) level. Then, proteins were filtered to the target 1% FDR level across the entire combined data set. For reporter ion quantification, a 0.003 Da window around the theoretical mass-to-charge ratio (m/z) of each reporter ion was scanned, and the most intense m/z was used. Reporter ion intensities were adjusted to correct for isotopic impurities of the different TMTpro reagents according to manufacturer specifications. Peptides were filtered to include only those with a summed signal-to-noise (S/N) ≥ 180 across all TMT channels. The S/N measurements of peptides assigned to each protein were summed (for a given protein). 

Data were further analyzed using the statistical software, Qlucore (Qlucore, Sweden, version 3.5). We performed a two-group comparison (OIR vs. normal control) using the log-transformed protein group means, the student’s t-test for each protein’s comparison (P value), and the Benjamini-Hochberg procedure to calculate the FDR adjusted P value (q value). Proteins with significantly enriched statistically increased or decreased abundance with q<0.05 were inputted into the Enrichr database [9-11] for gene ontology (GO) term analysis of biological processes. Enrichr provided P values computed from the Fisher’s exact test, and adjusted P value computed using the Benjamini-Hochberg method for correction for multiple hypotheses testing.  Pathways were considered as significant with adjusted P<0.05. Principal component analysis (PCA) was performed on unfiltered proteome (q=1).

Immunohistochemistry (IHC)

[bookmark: _Hlk156465724][bookmark: _Hlk164595225]IHC was performed as described [12]. Briefly, mouse eyes were vertically sectioned using a Leica CM3050 S Cryostat (Leica). Sections with retina and the optic nerve were treated with ice-cold methanol and 0.1% Triton PBS subsequently. Retinal sections were blocked with 3% bovine serum albumin (BSA) for 1 hr at RT and stained with primary antibodies against synaptophysin (1:200, MAB368, Millipore) and postsynaptic density protein 95 (PSD95) (1:200, 75-028, UC Davis/NIH NeuroMab Facility) overnight at 4°C. Corresponding fluorescent secondary antibodies were then incubated for 1 hr at RT, and sections were covered in mounting medium with 4′,6-diamidine-2′-phenylindole dihydrochloride (DAPI for cell nuclei, H‑1200, Vector Laboratories). Images were taken using a Zeiss confocal microscope at 200X magnification.

Mitochondrial DNA copy number

The mitochondrial DNA copy number ratio (mtDNA/nDNA) was estimated using cDNA from mitochondrial RNA which was divided by cDNA from nuclear RNA. Total RNA, including mitochondrial and nuclear RNA, was extracted from P12, P14, and P17 OIR and normal control retinas using PureLink™ RNA Mini Kit (12183018A, Invitrogen). The cDNA was synthesized with iScript Reverse Transcription Supermix (1708841, Bio-Rad). The mtDNA/nDNA ratio was estimated by applying 5 ng cDNA samples to the mouse mitochondrial DNA copy number kit (MCN3, Detroit R&D). The fold change was calculated by using ΔΔ threshold cycle method and normalizing to the control group.

BaroFuse analysis 

[bookmark: _Hlk155696088]Oxygen-consumption rate (OCR), reflecting mitochondrial respiration (potassium cyanide (KCN) -sensitive OCR), was measured in P12, P14, and P17 ex vivo retinas using the multichannel microfluidics device BaroFuse (BF-OXY-FC-8, EnTox Sciences, Inc.) [13-16]. In the BaroFuse apparatus, two media reservoirs each perfuse four tissue chambers. After configuring the instrument and achieving equilibrium between the medium and the gas in the reservoir’s headspace (21% O2, 5% CO2, balance N2), tissue chambers were loaded with a single retina each, followed by equilibration for at least 90 min at approximately 25-35 μL/min to achieve OCR baseline stabilization. For each side of the BaroFuse three out of four channels were loaded with a retina each while one remained as a no tissue control enabling downstream tissue data correction for inflow oxygen changes over time. Where possible, to control for animal-to-animal variability each retina from a single mouse was positioned in opposite media reservoirs. For experiments comparing OCR of OIR vs. control retinas, 70 mL of the following buffer were added to each reservoir: HEPES-buffered Krebs-Ringer Solution (J67795, Thermo Fisher Scientific) with 5 mM glucose and 0.1% BSA. After baseline stabilization, the ATP synthase inhibitor oligomycin A (11342, Cayman Chemicals, 30 μM from a 15 mM stock in dimethylsulfoxide (DMSO)) was added to both sides of the system, followed 60 min later by adding the mitochondrial uncoupler carbonyl cyanide 4‑(trifluoromethoxy)phenylhydrazone (FCCP) (C2920, Sigma-Aldrich, 1 μM from a 1 mM stock in DMSO). For experiments assessing the ability of pyruvate to sustain OCR upon glucose deprivation, one reservoir was filled with 70 mL HEPES-buffered Krebs-Ringer Solution (J67795, Thermo Fisher Scientific) containing 10 mM pyruvate (11360-070, Gibco), 1 mM glucose, and 0.1% BSA. For the other reservoir’s medium, pyruvate volume was replaced by double-distilled water. After baseline stabilization, the glucose transporter inhibitor BAY-876 (HY-100017, MedChemExpress, 20 μM from a 10 mM stock in DMSO) was injected into both reservoirs. At the end of every experiment, an injection of the complex IV inhibitor KCN (207810, Sigma-Aldrich, 3 mM from a 3 M stock in double-distilled water) was applied to inhibit mitochondrial respiration and determine the inflow O2 signal of each channel. OCR was calculated and visualized using the Barofuse Data Processor (v2.20.0) as previously described [17]. Results from at least 2 independent experiments were shown (exception P14: 1 experiment).

Statistics 

Statistics are described in the figure legends. In general, normality (quantile-quantile (QQ) plot) and F-test (for variance) were conducted first, followed by the according parametric unpaired t-test (or Welch’s t-test) or the non-parametric Mann-Whitney test to compare groups (Prism v9.0; GraphPad Software, Inc.). P<0.05 was considered statistically significant.
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