CYTOSOLIC CA2+ ACTIVATES MITOCHONDRIAL CA2+ UPTAKE
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Mitochondria play a significant role in regulating cellular Ca2+ homeostasis. The uptake of Ca2+ by mitochondria helps to prevent the cytosolic Ca2+ concentration from reaching toxic levels following transient elevations (~1 킡) produced by extracellular stimuli, such as hormones, neurotransmitters and growth factors. Recently it has also become apparent that the uptake of Ca2+ by mitochondria shapes intracellular Ca2+ signals with physiological consequences. The transport of Ca2+ into mitochondria occurs via a uniporter driven by the mitochondrial membrane potential. The molecular identity of the uniporter and the factors modulating it are unknown. Studies with isolated mitochondria and patch-clamped mitoplasts estimate the KD for Ca2+ of the uniporter as 10 킡 and 19 mM, respectively. Here we show that for intact HeLa cells, mitochondrial Ca2+ uptake occurs at cytosolic Ca2+ concentrations in the range of 350-400 nM. HeLa cells were loaded with the Ca2+ indicator Rhod-2 and mitochondrial Ca2+ was measured with confocal microscopy. To investigate whether the kinetics and source of Ca2+ affected mitochondrial Ca2+ uptake, we induced increases in cytosolic Ca2+ by a number of methods including: application of the G-protein-coupled agonist histamine, the sarcoendoplasmic reticulum Ca2+-ATPase inhibitor thapsigargin or by inducing Ca2+ entry activated by store depletion. We found that regardless of the source or the kinetics of the Ca2+ increase, the uptake of mitochondrial Ca2+ was activated at much lower cytosolic Ca2+ concentrations than previously observed. The sharp inflection observed in mitochondrial Ca2+ uptake at cytosolic Ca2+ concentrations ~350 nM supports our hypothesis that cytosolic Ca2+ activates the uniporter. This finding suggests that for intact cells the mitochondrial Ca2+ uptake may be modulated by some factor that is not preserved in the isolated mitochondria or mitoplast preparations.
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