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The Role of Sarcolipin in Skeletal Muscle Metabolism as Determined by 31P and 1H NMR
Periasamy, M. (Sanford Burnham Prebys Medical Discovery Institute); Gabimarie, O. (Sanford Burnham Prebys Medical Discovery Institute); Santosh, M. (Sanford Burnham Prebys Medical Discovery Institute); Batra, A. (UF, Physical Therapy); Forbes, S. (UF, Physical Therapy); Zeng, H. (UF, AMRIS); Collins, J. (UF, Biochemistry) and Walter, G. (UF, Physiology)
Introduction: Mice which overexpress sarcolipin (SLN) in their muscles have higher oxidative metabolism compared to wildtype skeletal muscle. SLN regulates the calcium ion (Ca2+) transport via a sarcoplasmic ATPase (SERCA), which uses ATP for Ca2+ transport and to keep cytoplasmic Ca2+ levels low. Interestingly, SLN binding to SERCA results in the uncoupling of SERCA activity (promotes futile cycling of SERCA) but increases ATP demand for Ca2+ transport. SLN uncoupling of SERCA increases local Ca2+ levels and promotes Ca2+entry into mitochondria, stimulating oxidative phosphorylation/fatty-acid metabolism. Studies using genetically engineered mouse models for SLN have revealed that SLN regulates thermogenesis and energy metabolism; loss of SLN leads to cold intolerance and diet-induced obesity. Although we have observed that oxygen consumption is increased in these animals, it is not clear whether this is due to change in the mitochondrial efficiency or increased oxygen consumption within the muscle.  Therefore, the goal of this work is to determine if high energy phosphates, glycolytic intermediates, and intracellular pH are different in SLN knockout and SLN overexpressing muscle tissues using 31P-MRS at rest and during exercise and recovery. In addition, we are using a combination of 31P and 1H on the newly installed 11T AMRIS spectrometer and 1H high resolution magic angle spinning spectroscopy of isolated muscles to determine if differences in muscle metabolite concentrations exists between wildtype, SLN knockout and over SLN expressing mice.  
Experimental: All MRS measurements were performed within AMRIS at UF. In vivo experiments were initially conducted on an 11T/470 MHz Agilent spectrometer with a custom-built 6mm×12mm oblong 31P (190.5 MHz) surface coil but have now been transferred to the upgraded Bruker PV6/AVIII spectrometer. The animal's right hind limb was extended, and the surface coil was placed over the belly of the gastrocnemius muscle. A one-turn standard 1H coil was placed underneath the hind limb to permit localized shimming. The homogeneity of the magnetic field was optimized by using the proton signal from skeletal muscle (≈50 Hz). 31P spectra are acquired 50-microsecond square pulse and a pulse repetition time of 2 seconds, and data were averaged into 30-second bins and in vivo localized spectra acquired with STEAM.  T2 filtered CPMG spectra were acquired on a subset of muscle tissue by 1H HR-MAS using a 4 mm Bruker HR-MAS probe at 600MHz.
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Following the upgrade to PV6 on a Bruker AVIII spectrometer, high quality 31P and 1H proton spectra were acquired with high signal to noise and spectra resolution in the muscles of mice at 11.1T.  In addition, a modified pulse sequence for selective saturation of the gammaATP in order to measure creatine kinase flux has been tested and will be used to measure ATPase flux at rest and during exercise in control and mice overexpressing or lacking SLN.  Detailed analysis of the metabolite profiles measured from the wildtype and SLN overexpressing and knockout mice are still undergoing analysis. 
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Fig.1 Examples of resting 31P spectra in vivo (A), localized 1H spectra in vivo (B) and 1H HR-MAS obtained from the isolated soleus muscle of a SLN knockout mouse.








