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The mammalian target of rapamycin with raptor forms the protein complex (mTORC1) that 
plays a central role in the regulation of cell growth in response to environmental cues such 
as mitogen, amino acid, and glucose. The mechanism of mTORC1 signaling in molecular 
detail has been an important question for understanding how cell maintain energy 
homeostasis as well as for finding drug targets for the pathological situations as cancer and 
diabetes. Here, we propose two novel molecular networks upstream of mTORC1 to sense 
the availabilities of these essential nutrients in mammalian cells. We found that 
phospholipase D2 (PLD2) together with small GTPase Rheb, two known activators of 
mTORC1, forms a positive feed-forward loop to sense mitogen and amino acid level and 
thereby to activate mTOR kinase activity. Phosphatidic acid (PA), an enzymatic product of 
PLD2, modulates the affinity of GTP-bound Rheb onto mTOR kinase domain, resulting in full 
activation of mTOR kinase activity. We also identified that the glycolytic enzyme 
glyceraldehydes-3-phosphate dehydrogenase (GAPDH) binds Rheb and inhibits mTORC1 
signaling. Under low glucose conditions, GAPDH sequestrates Rheb from binding to 
mTORC1 and thereby inhibits mTORC1 signaling. We found that glyceraldehydes-3-
phosphate (Gly-3-P), a glycolytic intermediate that binds GAPDH, destabilizes the Rheb-
GAPDH interaction, and thereby activates mTORC1 signaling, which explains the molecular 
mechanism how glucose availability is sensed by mTORC1. Therefore, we suggest GAPDH-
Rheb interaction as a network module that can regulate mTORC1 in response to glucose 
availability independently of AMPK-tuberous sclerosis complex pathway which has been 
known as sensing machinery for glucose-dependent ATP level. Taken together, mTORC1 is 
challenged by various signals and this is the basis of cellular homeostasis. To sense various 
signals, mTORC1 interacts dynamically with diverse sets of molecular complexes such as 
PLD2/PA/Rheb and Gly-3-P/GAPDH/Rheb for mitogen/amino acids and glucose sensing, 
respectively. Our results show that these types of dynamic molecular interactions play an 
important role for mTORC1 to make a smart decision in response to various upstream 
signals, generating potential molecular targets for mTORC1-related diseases. 
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