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    Abstract
The essential biometal manganese (Mn) functions as a cofactor for several enzymatic activities that are critical for the prevention of human diseases. Whether intracellular Mn levels may also modulate signaling events has so far remained largely unexplored. The target of rapamycin complex 1 (TORC1, mTORC1 in mammals) is a conserved protein kinase complex that requires metal co-factors to phosphorylate its downstream effectors as part of a central, homeostatic process that coordinates cell growth and metabolism in response to nutrient and/or growth factor availability. Using genetic and biochemical approaches, we show here that TORC1 activity is exquisitely sensitive to stimulation by Mn both in vivo and in vitro. Mn-mediated control of TORC1 depends on Smf1 and Smf2, two members of the family of natural resistance-associated macrophage protein (NRAMP) metal ion transporters, the turnover of which is subjected to feedback control by TORC1 activity. Notably, increased Mn levels and consequent activation of TORC1 cause retrograde dysregulation and antagonize the rapamycin-induced gene expression and autophagy programs in yeast. Because Mn also activates mTORC1 signaling in aminoacid starved human cells, our data indicate that intracellular Mn levels may constitute an evolutionary conserved physiological cue that modulates eukaryotic TORC1/mTORC1 signaling. Our findings therefore reveal a hitherto elusive connection between intracellular Mn levels, mTORC1 activity, and human diseases.
Highlights
	- Mn acts as a primordial activator of TORC1

	- NRAMP transporters control TORC1 through cytoplasmic Mn levels

	- TORC1 regulates Mn levels through feedback circuits impinging on NRAMP transporters

	- Mn-mediated TORC1 activation modulates retrograde response, autophagy, and mitophagy
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