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Supplementary Materials and Methods

Animals

   Male C57BL/6 wild-type (WT) mice were purchased from the Jackson Laboratory (Bar Harbor, ME), and transgenic (GTPCH-Tg) mice with cardiomyocyte-specific overexpression of GTP cyclohydrolase-1 on a C57BL/6 background and their WT littermates were generated and bred in our institution.  All animals were used at the age of 10-14 weeks.  The experimental procedures were approved by the Animal Care and Use Committee of the Medical College of Wisconsin (Milwaukee, WI) and conformed to the Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 1996).
Myocardial ischemia/reperfusion injury in vivo
   Animal preparation.  The mice were anesthetized by intraperitoneal injection of pentobarbital sodium with an initial dose of 100 mg/kg.  Additional doses of pentobarbital were given during the experiment as needed to maintain anesthesia.  The animals were placed in a supine position on a heating pad controlled by Temperature Controller (Model TC-1000, CWE Inc; Ardmore, PA, USA), and their paws were taped to the operating table.  To facilitate intubation, a rubber band was placed behind the upper incisors and fastened to the operating table so that the neck was slightly extended.  The upper portion of the trachea was exposed through a midline incision in the neck, and an endothacheal tube [polyethylene (PE) tubing-60] was inserted orally into the trachea.  The endotracheal tube was connected to a positive-pressure mouse ventilator (Minivent type 845, Hugo Sachs Elektronik-Harvard Apparatus, Germany) with a tidal volume of 225 (l.  The mice were ventilated with room air supplemented with 100% O2 at approximately 102 breaths/minute.  The electrocardiogram was obtained with needle electrodes connected to Bio amplifier (Model 132, ADInstruments, Colorado Springs, CO, USA) using the limb lead II configuration and recorded continuously using a Powerlab data acquisition system (ADInstruments).  Body temperature was maintained between 36.8oC and 37.5oC throughout the experiment by using a heating pad (Model TC-1000, CWE Inc.; Ardmore, PA, USA).
  Surgical procedures.  As described previously by us,1-4 a left thoractomy was performed via the fourth intercostals space, and the heart was exposed.  The pericardium was removed and the left atrial appendage was pushed up to expose left anterior descending coronary artery.  With the aid of a dissecting microscope (Fisher Scientific, Pittsburgh, PA, USA), an 8-0 nylon suture was passed below the left anterior descending artery 2-3 mm from the tip of the left auricle.  To avoid the direct damage to the left anterior descending artery by suture when tightening the snare to induce myocardial ischemia, a small roll of gauze was placed into a slipknot made by suture.  Myocardial ischemia was produced by occluding the left anterior descending coronary artery, and reperfusion was initiated by loosening the suture.  Successful performance of coronary occlusion was verified by visual inspection (i.e., by noting the development of a pale color in the distal myocardium on inflation of the rolled gauze) and by observing widening of QRS wave on the electrocardiogram.

   Quantitation of Risk Region/Infarct Area.  At the conclusion of the study, the mice were given intraperitoneally heparin (1 IU/g), after pentobarbital sodium (50 mg/kg, i.p.).  The ascending aorta was isolated and cannulated with a PE-10 tube in 30 seconds.  To delineate infarcted from viable myocardium, the heart was perfused with a 1.0 % 2,3,5-triphenyltetrazolium chloride (TTC) in 100 mM phosphate buffer (pH=7.4) at a pressure of 60 mmHg (approximately 0.1 ml).  To delineate area-at-risk(AAR), the coronary artery was tied at the site of previous occlusion and the heart perfused with a 10% solution of Phthalo blue dye (Heath Acrylics, Effingham, IL, USA) in normal saline (0.1 ml).  As a result of these procedures, the nonischemic portion of the left ventricle (LV) was stained dark blue.  Viable myocardium within the area at risk was stained bright red, and infarcted tissue was light yellow.  The heart was frozen, after left and right auricles were excised, and sliced into 5 transverse pieces, which were incubated with 10% neutral buffered formaldehyde for 24 hours at room temperature.  Each slice was photographed at × 20 magnification from both sides under a microscope (Nikon SMZ 800 stereoscopic microscope, Nikon Instruments Inc., Melville, NY) mounted with a SPOT insight digital camera (Dianostic Instruments, Inc., Sterling Heights, Michigan).  The borders of the infarcted, ischemic/ reperfused (AAR), and nonischemic regions were measured by computerized videoplanimetry.  AAR expressed as a percentage of LV was calculated by (AAR1+AAR2+AAR3+AAR4+AAR5) / (LV1+LV2+LV3+LV4+LV5) ( 100, where AAR and LV were the areas of at risk and left ventricular area from subscripted numbers 1-5 representing sections, respectively.  Infarct size was expressed as a percentage of AAR and calculated in a similar fashion by the sum of infarct area of each slice divided by the sum of AAR of the respective slice.

   Transthoracic Echocardiography

GTPCH-Tg mice and WT littermates were sedated by the inhalation of isoflurane (1.50 %) and oxygen and placed supine with all legs taped to electrocardiogram electrodes for heart rate monitoring.  Chest hair was removed with a chemical hair remover (Nair; Princeton, NJ).  Transthoracic echocardiography was performed with a VisualSonics Vevo 770 High-resolution Imaging System (Toronto, Canada) equipped with a 30 MHz transducer (Scanhead RMV 707) 3.  As described previously by us 3, parasternal long-axis-4-chamber and parasternal short-axis-2 chamber views of the heart in B-mode were obtained for orientation of the heart.  With use of the long-axis view, the M-mode cursor was positioned perpendicularly to the anterior wall (AW) and posterior wall (PW) of LV at the level of the papillary muscles.  M-mode images were recorded for the measurement of wall thickness and LV internal dimension in diastole and systole.  Fractional shortening of LV was calculated automatically by the echocardiography system using the equation: fractional shortening (%) = (LVIDd-LVIDs)/LVIDd ( 100, where LVIDd and LVIDs are the end-diastolic diameter and end-systolic diameter of LV, respectively.
   For Doppler echocardiography, apical-4-chamber view in B-mode was acquired for the identification of the mitral flow velocity waveform, mitral inflow, and aortic outflow.  With use of this view, Doppler sample volume was placed at the mitral valve leaflet tips, and mitral inflow was recorded for the measurement of the peak velocities of mitral E (early mitral inflow) and A (late mitral inflow) waves, E wave acceleration velocity, E wave acceleration time (Eat), E wave deceleration velocity, and E wave deceleration time (Edt).  The Doppler sample volume was moved closer to the area of aortic outflow, and both mitral inflow and aortic outflow were imaged for the measurement of isovolumic contraction time (IVCT), ejection time (ET), and isovolumic relaxation time (IVRT) of LV.  Myocardial performance index (MPI) was calculated with the following formula: MPI = (IVCT ( IVRT)/ET.

Detection of the mitochondrial permeability transition pore (mPTP) opening in isolated mitochondria
   Preparation of Isolated Mitochondria.  LVs were minced in ice cold isolation buffer containing 50 mM sucrose, 200 mM mannitol, 5 mM KH2PO4, 1 mM EGTA, 5 mM 3-(N-morpholino)propanesulfonic acid (MOPS), and 0.1% bovine serum albumin (pH 7.3) and gently homogenized in the same buffer with T 25 disperser (IKA-Werke, Staufen, Germany) in the presence of protease from Bacillus licheniformis (0.5 mg/ml).  The homogenate was differentially centrifuged, and the final mitochondrial pellet was resuspended in isolation buffer without EGTA.

   Ca2+-induced mPTP Opening.  Opening of the mPTP after in vitro Ca2+ overload was assessed by following changes in the membrane potential (ΔΨm) using the fluorescent dye rhodamine 123 (50 nM; Invitrogen, Carlsband, CA, USA) in the presence of pyruvate and malate (5 mM) 3.  Fluorescence was monitored with a PTI spectrofluorometer (Photon Technology International Inc. Birmingham, NJ, USA).  Excitation and emission wavelengths were set to 503 and 527 nm, respectively.  Isolated mitochondria (0.5 mg/ml) were suspended in 1.0 ml recording buffer containing (in mM): 220 sucrose, 10 HEPES, 10 KH2PO4, pH = 7.3.  At the end of the preincubation period, pulses of 10 µM CaCl2 were administered in 60-second intervals.  After sufficient Ca2+ loading, MPT pore opening results in a sudden collapse of ΔΨm.  To achieve complete mitochondrial depolarization, 1 μM carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone (FCCP; Sigma-Aldrich) was added into the buffer at the end of the experiment.  The amount of Ca2+ necessary to trigger this sudden collapse of ΔΨm was used as an indicator of the susceptibility of the MPT pore to Ca2+ overload.
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Figure Legends (supplemental)

Figure 1. Representative photomicrographs of the left ventricle in transgenic GTPCH-1 mice and their wild-type littermates after coronary artery occlusion and reperfusion.  The hearts were stained with 2,3,5-triphenyltetrazolium chloride and phthalol blue dye to delineate area at risk (red plus white areas) and infarcted myocardium (white areas).
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Figure 1 (Supplemenary)
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