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Metabolomic analysis
Quantitation of metabolites involved in central carbon metabolism was achieved by ultrahigh-performance liquid chromatography/electrospray ionization-multiple-reaction monitoring Mass Spectrometry (UPLC/ESI-MRM/MS) using an Agilent 1290 UHPLC system, coupled to a Sciex 4000 QTRAP mass spectrometer equipped with an ESI source. Tissue samples collected at the end of perfusion were homogenized with a MM 400 Mixer Mill (Retsch GMBH, Haan, Germany) at 25 Hz for 2x1 min.  Methanol was then added (15 μL per mg tissue) and the samples were homogenized again for 2x1 min, followed by sonication in an ice-water bath for 5 min. The samples were centrifuged at 15,000 rpm for 15 min at a temperature of 10°C and the supernatants were collected for analysis.
Quantitation of the TCA cycle carboxylic acids was carried out by chemical derivatization-UPLC-(-)MRM/MS using 3-nitrophenylhydrazine (3-NPH) as the derivatizing reagent.1 Briefly, 20 µL of each supernatant or each solution containing the standards of all the targeted carboxylic acids was mixed with 20 µL of 13C or D-labeled internal standards for 7 carboxylic acids (except that for isocitric acid and oxaloacetic acid because of lack of isotope-labeled compounds; in this case, external calibration was used), 20 µL of 200 mM 3-NPH·HCl solution and 20 µL of 150 mM EDC·HCl-6% pyridine solution. The mixtures were allowed to react at 30°C for 30 min. Each solution was then diluted with 160 µL of water. Separations were performed on a BEH C18 UPLC column with negative-ion detection and using 0.01% formic acid in water and acetonitrile as the mobile phase for binary solvent gradient elution.
Quantitation of glucose and 5 reducing sugar phosphates (glucose-6-phosphate, mannose-6P, ribose-5-P, erythrose-4P and glycerylaldehyde-3P) was carried out using 50 µL of each supernatant or each standard solution as the starting material for AEC derivatization – UPLC-MRM/MS.2 13C6-glucose (for glucose) and 13C5-labeled ribose (for the reducing sugar phosphates) were used as internal standards. Quantitation of other PO4-containing central carbon metabolites was carried out using an ion-pairing LC-MRM/MS method.3
Phospholipid fatty acid composition
[bookmark: _GoBack]Tissue samples collected at the end of perfusion were homogenized with a MM 400 Mixer Mill at 25 Hz for 2x1 min.  Methanol-chloroform (3:1) was then added (20 μL per mg tissue) and the samples were homogenized again for 2x1 min, followed by sonication in an ice-water bath for 3 min. The samples were centrifuged at 21,000 rpm for 15 min at a temperature of 10°C and the supernatants were collected. Water and chloroform (both 5 µL per mg of tissue) were added, thoroughly mixed, and centrifuged at 3000 rpm for 5 min. The lower lipids-containing organic phase (chloroform) was carefully transferred to a LC injection micro-vial and was then dried down in a nitrogen evaporator under a gentle nitrogen gas flow at 30°C. The dried lipid residue was reconstituted in 100 µL of methanol. An aliquot (20 µL) was injected to run UPLC-MS on a Thermo LTQ-Orbitrap Velos Pro mass spectrometer (ESI; m/z 100-1800, full-mass and high-resolution MS detection) and LC fractionator via a T-shape flow splitter. The splitting ratio between the flows to the MS and to the LC fractionator was about 1:9 (v/v). Chromatographic separation was carried out on a Waters HILIC column, with 50 mM ammonium acetate – methanol as the mobile phase for binary-solvent gradient elution. Based on the LC separation, a 4.5-min (RT = 9 to 13.5 min) LC fraction containing total phospholipids was collected and dried under nitrogen atmosphere. The dried phospholipid residue was used for hydrolysis and LC-MS analysis. Quantitation of fatty acids (FA) was performed using chemical derivatization, as previously described.4 50 µL of the methanolic solution of each sample was mixed with 50 µL of an internal standard solution containing deuterated C8 to C24 even-carbon number FA, 50 µL of 200 mM 3-NPH·HCl solution and 50 µL of EDC·HCl solution. The mixture was allowed to react at 45°C for 60 min. After the reaction, 10 µL were injected to run UPLC-MRM/MS in the negative-ion detection mode on an Agilent 1290 UHPLC system coupled to an Agilent 6495 triple-quadrupole mass spectrometer. Chromatographic separation was performed on a C8 UPLC column (2.1x50 mm, 1.7 μm) with the use of a mobile phase consisting an ammonium formate solution (A) and mixed acetonitrile- isopropanol (B) as the mobile phase for binary-solvent gradient elution. Along with the sample solution derivatization, serially diluted standard solutions containing a mixture of C8 to C26 standard substances, in a concentration ranges of 0.001 to 200 nmol/mL were prepared in methanol, followed by 3-NPH derivatization in parallel with the same solutions and subsequent UPLC-MRM/MS runs. Linear-regression calibration curves of individual fatty acids were constructed with internal-standard calibration. For those fatty acids without their deuterated analogues as internal standards, (C8:0)-d3 was used as a common internal standard. Concentrations of individual fatty acids were calculated by interpolating the calibration curves with the peak area ratios measured from the individual sample solutions.  The concentrations of compositional fatty acids in the LC fractionated phospholipids were calculated as molar concentrations (µmol/g) of heart tissue.
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