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Supplementary Materials and Methods

Determination of tissue triglyceride content

Total tissue lipids were extracted in a 20-fold weight-to-volume ratio of chloroform/methanol (2:1; v:v), followed by adding 0.2 volume of methanol.  The mixture was centrifuged at 1,100g for 10 min, and the supernatant was collected.  CaCl2 (0.04%) was added to the supernatant, which was then centrifuged at 550g for 20 min.  After removal of the upper phase, the samples were dried under N2 at 60°C and dissolved in 50 µL of t-butyl alcohol/Triton X-100 (3:2; v:v).  Triglyceride content was quantified colorimetrically with the enzymatic assay kit L-Type Triglyceride M (Wako Pure Chemical Industries, Richmond, VA).

Determination of tissue glycogen content

Myocardial glycogen content (µmol glucosyl units per gram dry weight) was determined from frozen powdered heart tissue samples subjected to alkaline extraction by 30% KOH followed by ethanol precipitation and acid hydrolysis (2N H2SO4).  This was followed by measurement of glucose content in these extracts.

Determination of nucleotides and cofactors by high performance liquid chromatography
Nucleotides and cofactors (adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosine triphosphate (ATP), guanosine-5'-triphosphate, nicotinamide adenine dinucleotide) in rat heart tissue were measured by high performance liquid chromatography (HPLC) as previously reported.1 Briefly, frozen ventricular tissue samples (50 mg) were homogenized in 0.5 mL 6% perchloric acid, 1 mM dithiothreitol.  The perchloric acid extracts were incubated on ice for 10 min, and centrifuged for 5 min.  The supernatants were collected and adjusted to 0.5 mM EDTA and to pH 5-7 with 5 M K2CO3.  The extracts were incubated on ice for 30 min and centrifuged for 2 min and then stored at -80°C before analysis by HPLC using a Beckman System Gold 126 with a UV detector 167 (Beckman, Fullerton, CA).  Each sample was passed through an LC 18-T column (5 M, Sigma-Aldrich, Oakville, Ontario, Canada).  Absorbance was measured at 260 nm and flow rate was 1.5 mL/min.  Gradient conditions were generated using buffer A (35 mM K2HPO4, 6 mM tetrabutyl ammonium hydrogen sulfate, pH 6) and buffer B (buffer A and acetonitrile in 1:1 ratio (v:v)).  Following sample application, initial conditions (98% buffer A, 2% buffer B) were maintained for 10 min, followed by increase to 55% buffer B over 10 min and maintenance at 55% buffer B thereafter.  At 24 min, buffer composition was reduced to 2% buffer B over 1 min and re-equilibration to initial conditions was performed for 5 min.  Nucleotide peaks were integrated using a Beckman System Gold software package and sample values were extrapolated from nucleotide standards and normalized to wet tissue mass. The energy charge of the adenylate pool was computed as (ATP + 0.5 ADP) / (ATP + ADP + AMP).2
Ceramide determination by HPLC-fluorescence spectrometry

Ceramide levels were determined by deacylation to sphingosine and HPLC-fluorescence spectrometry as previously reported.3  Frozen tissue samples (10 mg) were sonicated in 0.3 mL of 50 mM potassium phosphate buffer (pH 7.0), cooled by dipping into liquid N2, and then placed on ice. 1 mL of chloroform/methanol/1 N HCl (100:100:1; v:v:v) was added and the sample was mixed and centrifuged at 18’000g.  0.5 mL of the organic phase was transferred to a 10 mL tube and dried.  0.5 mL of 1 M KOH in 90% methanol was added, mixed, and heated at 90°C for 1 hr.  After cooling to room temperature, 0.5 ml 1 N HCl in methanol, 1 mL chloroform, and 0.75 mL 1 M NaCl were added, then samples were mixed and centrifuged at 1,000g.  The lower phase was dried and dissolved in 0.25 mL methanol by shaking.  o-phthalaldehyde reagent was prepared by mixing 10 L o-phthalaldehyde (50 mg/mL, Invitrogen, Carlsbad, CA), 0.5 L mercaptoethanol, and 990 L 3% boric acid (pH 10.5).  50 L of sample dissolved in methanol was mixed with 50 L o-phthalaldehyde reagent and allowed to react for 5 min at room temperature before 250 L of HPLC buffer (90% methanol:10% 5 mM potassium phosphate, pH 7) were added.  HPLC analysis was performed using a Beckman System Gold 126 at a flow rate of 0.8 mL/min.  Each sample (50 L) was passed through a Nova-Pak C18 column (4 m, Waters, Milford, MA) and isocratic elution was carried out for 30 min and monitored by fluorescence (excitation: 340 nm; emission: 455 nm).  Fluorescent peaks were integrated using a Beckman System Gold software package and sample values were extrapolated from C18 sphingosine standards and normalized to wet tissue mass.

Short-chain CoA ester determination by HPLC-fluorescence spectrometry
Short-chain CoA ester (free CoA, acetyl-CoA, malonyl-CoA, succinyl-CoA, propionyl- CoA) levels in rat heart tissue were measured by HPLC as previously reported.4  Briefly, frozen ventricular tissue samples (50 mg) were homogenized in 0.5 mL 6% perchloric acid and 1 mM dithiothreitol.  After centrifugation, the supernatants were collected and stored at -80°C.  Shortly before the CoA esters were analyzed by HPLC using a Beckman System Gold 126 with a UV detector 167, each sample was passed through a precolumn cartridge (Nova-Pak C18) and an Absorbsphere C18 column (3 M, Alltech, Deerfield, IL).  Absorbance was measured at 254 nm and flow rate was 1 mL/min.  Gradient conditions were generated using buffer A (0.2 M NaH2PO4, pH 5.0) and buffer B (0.25 M NaH2PO4 and acetonitrile in 80:20 ratio (v:v), pH 5.0).  Following sample application, initial conditions (97% A, 3% B) were maintained for 2.5 min, followed by increase to 30% B over 5 min using Beckman’s concave Curve 3 and maintenance at 30% B thereafter.  At 12 min, a linear gradient from 30 to 95% B over 5 min was performed, followed by maintenance at 95% B for 6 min. At 23 min, buffer composition was reduced to 3% B over 1 min and re-equilibration to initial conditions was performed for 6 min.  Short-chain CoA peaks were integrated using a Beckman System Gold software package and sample values were extrapolated from short chain CoA standards and normalized to wet tissue mass.

Long-chain fatty acyl CoA (16:0; 18:0; 18:1) determination by HPLC-fluorescence spectrometry
Based on a previously reported method,5 frozen ventricular tissue samples (10 mg) were sonicated in 0.2 mL cold 100 mM KH2PO4 and cooled in liquid N2.  0.2 mL n-propanol was added, and the samples were sonicated and cooled. 25 L saturated ammonium sulfate and 0.4 mL acetonitrile were added, and the samples were vortexed, shaken, and centrifuged at 3’000g.  The organic layer was transferred to an Eppendorf tube, dried, and dissolved in 100 L of 0.5 M chloroacetaldehyde reagent (0.5 M chloroacetaldehyde, 0.15 M citric acid/trisodium citrate, pH 4.0, 0.5% SDS) by vortexing, and finally centrifuged at 21,000g.  Supernatants were transferred to dark Teflon-capped glass HPLC vials, which were heated at 85°C for 20 min, cooled, and stored at -20°C until HPLC analysis with the Beckman System Gold 126.  Each sample was passed through a precolumn (C18, Phenomenex, Torrance, CA) and a LUNA C18 column (5 M, Phenomenex).  Fluorescence was monitored (excitation: 230 nm; emission: 420 nm) and HPLC was performed at an initial flow rate of 0.4 mL/min at room temperature.  Gradient conditions were generated using buffer A (95% 20 mM ammonium acetate, 5% acetonitrile) and buffer B (20% 20 mM ammonium acetate, 80% acetonitrile).  Following sample application, initial conditions (60% A, 40% B) were changed to 100% B over 40 min.  Flow rate was increased to 0.7 mL/min over 1 min, and then %B was decreased to 40% over 2 min and maintained for 1.5 min before flow rate was dropped to 0.4 mL/min over 0.5 min, and re-equilibration to initial conditions was performed for 5-10 min.  Long-chain CoA peaks were integrated using a Beckman System Gold software package.  Sample values were extrapolated from individual LCFA-CoA standards and normalized to wet tissue mass.

Acylcarnitine profiling using electrospray ionization tandem mass spectrometry (ESI-MS/MS)
As previously reported,6 1 mL of acetonitrile/water (4:1; v:v) was added to ~2 mg of heart tissue in a 5 mL snap-cap vial and the tissue was homogenized (Polytron, Paterson, NJ) and sonicated (Bendelin Sonopuls, Newtown, CT).  The sample was centrifuged at 5’000g for 5 min, and the supernatant was dried in a speed vacuum pump at 50°C.  The sample was dissolved in 500 L of acetonitrile/water (4:1; v:v).  200 L of acylcarnitine internal standard solution were added to 100 L of the dissolved sample add, and the sample was dried in a speed vacuum pump at 50°C.  75 L of acetonitrile/water (1:1; v:v) containing 0.1 % of acetic acid were added and the sample was analyzed by ESI-MS/MS, which was performed with a PE SCIEX API 365 LC/MSMS-System (AppliedBiosystems, Foster City, CA).  20 L of the sample were injected using a PE Series 200 autosampler and pump (PerkinElmer, Shelton, CT) at a flow rate of 20 L/min.  The flow solvent was acetonitrile/water (1:1; v:v) containing 0.1 % of acetic acid. Mass spectrometric data were acquired with the precursor ion scan (precursor ion m/z = 85), and a range of m/z = 150 to 450 was scanned.

Pyruvate dehydrogenase (PDH) complex activity assay 

PDH activity was measured by the radioisotopic coupled enzyme assay to determine the ratio of PDHactive/PDHtotal.7  This ratio gives an estimate of the phosphorylation state of PDH complex E1 subunit, which is subject to regulation by pyruvate dehydrogenase kinase, isozyme 4 (PDK4) and pyruvate dehydrogenase phosphatase.  Briefly, frozen ventricular tissue was homogenized in either 480 L of cold “total” (100 mM Tris-HCl (pH 7.8), 160 mM sucrose, 50 mM KCl, 5 mM dichloroacetate (DCA), 0.1% Triton X-100, 1 mM CaCl2) or “active” (“total” buffer minus CaCl2, plus 5 mM EGTA, 50 mM NaF, 5 mM sodium pyrophosphate) homogenization buffer.  [14C]oxaloacetate (OAA) was generated by a 2.4 mL reaction mixture containing 50 mM HEPES (pH 7.8), 2 mM EDTA, 2 mM -ketoglutarate, 42 L glutamic oxaloacetic acid transaminase (10 mg/mL, Sigma-Aldrich), 1.25 mM aspartate, and 9 L [14C]aspartate (50 Ci/mL; Moravek Biochemicals Inc., Brea, CA).  For determining PDHtotal, 25 L of “total” homogenate were placed with 21 L of 10 mM MgCl2 and 24 L H2O at 37°C for 20 min to completely dephosphorylate PDH.  130 L of assay buffer (150 mM Tris-HCl (pH 7.8), 0.75 mM EDTA, 0.75 mM NAD+, 1.5 mM thiamine pyrophosphate, 0.75 mM CoA, 5 mM DCA (pyruvate dehydrogenase kinase blocker), 5 mM EGTA) were added, and the PDH reaction (oxidative decarboxylation of pyruvate) pyruvate+CoA-SH+NAD+(acetyl CoA+NADH+H++CO2 was initiated by adding 10 L of 21 mM pyruvate.  The reaction (37°C) was stopped after 10 min by adding 40 L 0.5 M perchloric acid.  The pH was neutralized with 10-20 L of 2.2 M KHCO3 and the samples were centrifuged at 1,000g for 5 min.  For determining PDHactive, 25 L of “active” homogenate was mixed with 130 L of assay buffer and 45 L H2O and the reaction was similarly performed.  Following the 10 min PDH reaction, the formed acetyl-CoA was converted to [14C]citrate.  100 L of each sample (PDHtotal and PDHactive) was mixed with 20 L H2O, 20 L 10 mM dithiothreitol, and 20 L 0.4 mM cupric sulfate/150 mM potassium acetate, and incubated for 30 min at room temperature.  This was followed by adding 20 L 60 mM EDTA and 5 min incubation, and adding 30 L 30 mM NEM, and additional 5 min incubation for degradation of remaining citrate and CoA.  20 L of [14C]OAA and 10 L of citrate synthase (9.8 mg/mL, Sigma-Aldrich) were added and incubated for 20 min at room temperature.  The reaction was stopped with 20 L 1 M perchloric acid.  The pH was neutralized with 43 L 0.6 M KOH and 360 L 11 mM EDTA.  Remnant [C]OAA was converted to aspartate by adding 30 L of 172 mM sodium glutamate/0.67 mg/mL GOT and incubation for 20 min at room temperature. 1 mL of Dowex 50WX8-200 mesh (Sigma-Aldrich) slurry was added to each sample and incubated for 40 min by mixing every 10 min followed by centrifugation.  500 L of supernatant was mixed with 4.5 mL Ecolite (MP Biochemicals, Irvine, CA) for determining [14C]citrate by liquid scintillation counting.  The amount of acetyl-CoA generated during the PDH reaction was determined by extrapolation using a standard curve of citrate counts versus known standard concentrations of acetyl-CoA.
Western Blotting 
Frozen rat ventricular tissue (30 mg) was homogenized in 300 L of extraction buffer (50 mM Tris-HCl, pH 7.85, 1 mM EDTA, 10% glycerol, 0.02% Brij 35 (Sigma-Aldrich), 1 mM dithiothreitol, protease and protein phosphatase inhibitor cocktails) on ice using a Polytron.  The extracts were centrifuged for 10 min at 4°C and supernatants were collected.  Protein concentrations of the supernatants were determined by Bradford method and the samples were stored at -80°C.  30 g were subjected to SDS PAGE using a minigel system to resolve acetyl-coenzyme A carboxylase (ACC) and phosphorylated ACC  (pACC; 6% acrylamide separating gel: 4% stacking gel) and other proteins (adenosine monophosphate-activated protein kinase (AMPK), malonyl-coenzyme A decarboxylase (MCD), and pyruvate dehydrogenase kinase isozyme 4 (PDK4); 10% acrylamide separating gel: 4% stacking gel) followed by transfer to nitrocellulose membranes in 25 mM Tris, 192 mM glycine, 20% methanol.  Membranes were blocked with TBS, 5% milk, 0.1% Tween and probed with the following primary antibodies: rabbit anti-ACC (3662, Cell Signaling Technology, Danvers, MA), rabbit anti-phospho-ACC (Ser 79) (3661, Cell Signaling Technology), rabbit anti-AMPK (2532, Cell Signaling Technology), rabbit anti-pY172-AMPK (2531, Cell Signaling Technology), rabbit anti-MCD (H2-40, a gift from Dr. Gary Lopaschuk PhD, Professor, Department of Pediatrics, University of Alberta, Edmonton, Canada), rabbit anti-PDK4 (AP7041b, Abgent, Brockville, Ontario, Canada), and goat anti-actin (sc-1616, Santa Cruz Biotechnology, Santa Cruz, CA) at 4°C overnight.  Following incubation with anti-IgG-horseradish-peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology) for 1.5 hrs at room temperature, protein bands were detected by enhanced chemiluminescence (PerkinElmer Lightning Plus, Waltham, MA) and image capture onto x-ray film (Fuji, Mississauga, Ontario, Canada).  Protein band intensities were quantified by the public domain ImageJ software.
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