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Effects of Propionate on Pyruvate Dehydrogenase and Anaplerotic Flux in Mouse hearts
Ragavan, M. and Merritt, M.E. (U. of Florida, Biochemistry & Molecular Biology)
Introduction

Left ventricular hypertrophy has been shown to be associated with increase glucose utilization in the heart. Among the several proposed treatment strategies is metabolic modulation[1] using various intermediates of the citric acid (TCA) cycle. One important anaplerotic substrate is propionate which enters the TCA cycle through succinyl-CoA. This study investigates in detail the effects of propionate on the redox state of the heart, TCA cycle flux and the pool size of TCA cycle intermediates.
Experimental


Mouse hearts were perfused in Langendorff mode and metabolites extracted using perchloric acid extraction. The extracts were reconstituted in a D2O based buffer and 1H and 13C NMR spectra were measured on either a 600 MHz Bruker NMR spectrometer equipped 10 mm cryoprobe (UTSW, Dallas; Bruker Biospin, MA) or a 600 MHz NHMFL provided 1.5 mm HTS probe (AMRIS, U. of F, Gainesville). Relative peak areas were obtained by peak fitting using ACD NMR processor (ACD Labs, Canada) and fitted to a model using tcaCALC [2].
Results and Discussion


NMR spectra of the PCA extracts of the hearts illustrate the changes in the metabolite concentrations of the heart when exposed to propionate. Glutamate peaks almost completely disappear while aspartate, malate and fumarate peaks increase in intensity. Fitting a mathematical model to the isotopomer data reveals that using 3 mM propionate in the perfusate results in maximal activation of both pyruvate dehydrogenase and anaplerotic pathways (Figure 1). The absolute pool sizes of these metabolites as measured by mass spectrometry show that the pool sizes of malate and fumarate go up by 50 and 35 times respectively ( no propionate versus 3 mM propionate perfusions) (data not shown). These changes are also accompanied by increase in the accumulation of NAD+ in the heart upon the introduction of propionate (data not shown). These changes, however, do not reflect on myocardial energetics since the oxygen consumption is uniform across all conditions (with or without propionate) (data not shown). 

From these data, it can be seen that a significant change in pool sizes of metabolites in the heart can be triggered using sodium propionate even at relatively low concentrations (e.g., 0.25 mM). Higher concentrations of propionate, while accentuating the effect, do not cause large changes when compared with the “initial burst” provided by 0.25 mM propionate. 
Conclusions

These results suggest that propionate triggers an increase in PDH flux in addition to serving as an anaplerotic substrate. The increase in PDH flux triggered by the presence of propionate can be exploited to probe ailments such as hypertrophy by increasing biological sensitivity.
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Fig.1 Pyruvate dehydrogenase (PDH) and anaplerotic (YS) flux relative to citrate synthase as obtained from fitting isotopomer data to a metabolic model. 
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