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The mitochondrial phenotype within cardiac muscle cells is dramatically altered by thyroid hormone. We report here that this can be accounted for, in part, by modifications in the rate of mitochondrial protein import. The import of matrix-localized precursor proteins malate dehydrogenase (MDH) and ornithine carbamoyltransferase was augmented, whereas the insertion of the outer membrane protein Bcl-2 was unaffected by thyroid hormone treatment. Coincident with increases in the import of these matrix-localized precursors were thyroid hormone-induced elevations in the outer membrane receptor Tom20 and the matrix heat-shock protein mthsp70. The phospholipid cardiolipin was not involved in mediating the thyroid hormone-induced increase in import, as judged from adriamycin inhibition studies. When the import reaction was supplemented with rat heart cytosol, we found that 1) MDH import was stimulated, but Bcl-2 import was inhibited and 2) thyroid hormone did not influence the effect of the cytosol on import rates. Thus distinct requirements exist for the mitochondrial import of precursor proteins, destined for different organellar compartments. Although import of these matrix-localized proteins was augmented by thyroid hormone treatment, the proteolysis of matrix proteins was unaffected as indicated by the degradation of cytob2(167)RIC-dihydrofolate reductase, a chimeric protein missorted to the matrix. Thus our data indicate that at least some thyroid hormone-induced modifications of the mitochondrial phenotype occur due to the compartment-specific upregulation of precursor protein import rates, likely mediated via changes in the expression of protein import machinery components. PMID: 9843712
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Mitochondria have been central in the development of some of the most important ideas in modern biology. Since the discovery that mitochondria have its own DNA and specific mutations and deletions were found in association with neuromuscular and heart diseases, as well as in aging, an extraordinary number of publications have followed, and the term mitochondrial medicine was coined. Recently, it has been found that thyroid hormone (TH) stimulates cardiac mitochondrial biogenesis increasing myocardial mitochondrial mass, mitochondrial respiration, oxidative phosphorylation (OXPHOS), enzyme activities, mitochondrial protein synthesis (by stimulation in a T3-dependent manner), cytochrome, phospholipid and mtDNA content. Also, TH therapy may modulate cardiac mitochondrial protein-import apparatus. To identify the sequence of events, molecules and signaling pathways that is activated by TH affecting mitochondrial structure, biogenesis and function further research is warranted.
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Mitochondrial (mt)DNA mutations contribute to various disease states characterized by low ATP production. In contrast, thyroid hormone [3,3',5-triiodothyronine (T(3))] induces mitochondrial biogenesis and enhances ATP generation within cells. To evaluate the role of T(3)-mediated mitochondrial biogenesis in patients with mtDNA mutations, three fibroblast cell lines with mtDNA mutations were evaluated, including two patients with Leigh's syndrome and one with hypertrophic cardiomyopathy. Compared with control cells, patient fibroblasts displayed similar levels of mitochondrial mass, peroxisome proliferator-activated receptor-gamma coactivator-1alpha (PGC-1alpha), mitochondrial transcription factor A (Tfam), and uncoupling protein 2 (UCP2) protein expression. However, patient cells exhibited a 1.6-fold elevation in ROS production, a 1.7-fold elevation in cytoplasmic Ca2+ levels, a 1.2-fold elevation in mitochondrial membrane potential, and 30% less complex V activity compared with control cells. Patient cells also displayed 20-25% reductions in both cytochrome c oxidase (COX) activity and MnSOD protein levels compared with control cells. After T(3) treatment of patient cells, ROS production was decreased by 40%, cytoplasmic Ca2+ was reduced by 20%, COX activity was increased by 1.3-fold, and ATP levels were elevated by 1.6-fold, despite the absence of a change in mitochondrial mass. There were no significant alterations in the protein expression of PGC-1alpha, Tfam, or UCP2 in either T(3)-treated patient or control cells. However, T(3) restored the mitochondrial membrane potential, complex V activity, and levels of MnSOD to normal values in patient cells and elevated MnSOD levels by 21% in control cells. These results suggest that T(3) acts to reduce cellular oxidative stress, which may help attenuate ROS-mediated damage, along with improving mitochondrial function and energy status in cells with mtDNA defects. PMID: 19036942
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Triiodothyronine (T3) is considered a major regulator of mitochondrial activity. In this review, we show evidence of the existence of a direct T3 mitochondrial pathway, and try to clarify the respective importance of the nuclear and mitochondrial pathways for organelle activity. Numerous studies have reported short-term and delayed T3 stimulation of mitochondrial oxygen consumption. Convincing data indicate that an early influence occurs through an extra-nuclear mechanism insensitive to inhibitors of protein synthesis. Although it has been shown that diiodothyronines could actually be T3 mediators of this short-term influence, the detection of specific T3-binding sites, probably corresponding to a 28 kDa c-Erb Aalpha1 protein of the inner membrane, also supports a direct T3 influence. The more delayed influence of thyroid hormone upon mitochondrial respiration probably results from mechanisms elicited at the nuclear level, including changes in phospholipid turnover and stimulation of uncoupling protein expression, leading to an increased inner membrane proton leak. However, the involvement of a direct mitochondrial T3 pathway leading to a rapid stimulation of mitochondrial protein synthesis has to be considered. Both pathways are obviously involved in the T3 stimulation of mitochondrial genome transcription. First, a 43 kDa c-Erb Aalpha1 protein located in the mitochondrial matrix (p43), acting as a potent T3-dependent transcription factor of the mitochondrial genome, induces early stimulation of organelle transcription. In addition, T3 increases mitochondrial TFA expression, a mitochondrial transcription factor encoded by a nuclear gene. Similarly, the stimulation of mitochondriogenesis by thyroid hormone probably involves both pathways. In particular, the c-erb Aalpha gene simultaneously encodes a nuclear and a mitochondrial T3 receptor (p43), thus ensuring coordination of the expression of the mitochondrial genome and of nuclear genes encoding mitochondrial proteins. Recent studies concerning the physiological importance of the direct mitochondrial T3 pathway involving p43 led to the conclusion that it is not only involved in the regulation of fuel metabolism, but also in the regulation of cell differentiation. As the processes leading to or resulting from differentiation are energy-consuming, p43 coordination of metabolism and differentiation could be of significant importance in the regulation of development. PMID: 11174855

