
 

Metabolism meets signaling to fine-tune cell
growth
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Functional pharmacogenetic interactions between TOR-pathway genes, and
Acc1 and Fas1 activity in yeast. a, Schematic diagram of de novo FA
biosynthesis. Yeast and mammalian proteins are shown in orange and blue,
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respectively. b, Yeast Rag GTPase mutants that impair or promote TORC1
activity are cerulenin-sensitive or cerulenin-resistant, respectively. Tenfold serial
dilutions of wild-type (WT), hyperactive Acc1S1157A-expressing (acc1S1157A) and 
gtr1Δ cells expressing plasmid-encoded WT GTR1, gtr1Q65L (TORC1-activating)
or gtr1S20L (TORC1-inactivating), or containing an empty vector were spotted on
plates with the indicated concentrations of cerulenin or vehicle (control) and
cultured at 30 °C for 2 d. c, TORC1 and EGOC mutants are sensitive to
cerulenin and hypersensitive to combined cerulenin and rapamycin treatment.
Drop spot assays were performed as in b using the indicated cell strains and
plates containing the indicated concentrations of rapamycin and/or cerulenin. d,
Positive correlation between rapamycin- and cerulenin-induced SATAY
transposition profiles in TORC1 and EGOC genes. e, Negative correlation
between rapamycin- and soraphen A-induced SATAY transposition profiles in
TORC1 and EGOC genes. d,e, The dot plots show the ratio of transposition
events (reads) per coding gene in rapamycin- and cerulenin-treated (d), and
rapamycin- and soraphen A-treated (e) versus previously published untreated
SATAY libraries24,25. f, Summary of the pairwise correlations of the transposon
profiles of TORC1, EGOC (red dots) and FA biosynthesis (blue dots) genes
shown in d,e. Boxplots: central line, median; box, interquartile range (IQR; 25th
(Q1)–75th (Q3) percentile); and whiskers, Q3 + 1.5 × IQR and Q1 − 1.5 × IQR.
Source numerical data are provided. Credit: Nature Cell Biology (2023). DOI:
10.1038/s41556-023-01198-6

Cells use a variety of metabolic pathways to synthesize the building
blocks for growth and proliferation. To ensure balanced growth, these
biosynthetic processes must be tightly coordinated. Researchers from the
Max Planck Institute for Biology of Ageing, together with a team of
national and international collaborators, have now identified a molecular
machinery that senses the ability of a cell to make lipids to then block or
activate all other biosynthetic processes, such as protein synthesis,
accordingly.

Cells accumulate mass and grow by using nutrients and energy to build
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membranes, proteins, nucleic acids, and other macromolecular
structures, through the coordinated action of various metabolic
pathways. Therefore, nutrient sensing mechanisms ensure that cells only
grow when all conditions are optimal.

The most important nutrient sensor in cells is a protein complex called
mTORC1. When amino acids, the building blocks of proteins, are
abundant, mTORC1 is active and promotes protein synthesis, thus
linking amino acid availability to the respective cellular function.
However, how the ability of cells to make lipids is sensed and whether
mTORC1 plays a role in this process has been very poorly understood.

In fatty acid biosynthesis, acetyl-CoA, a metabolite originating mainly
from the breakdown of glucose (another important nutrient), is first
converted to malonyl-CoA by an enzyme called ACC1, which is then
converted to fatty acids by an enzyme called FASN (fatty acid synthase).

The researchers showed that accumulation of malonyl-CoA, which can
occur when FASN levels or activity are low, leads to inhibition of
mTORC1 activity and downregulation of other biosynthetic functions
that are regulated by mTORC1, such as protein synthesis. Surprisingly,
they discovered that malonyl-CoA binds directly to the catalytic pocket
of mTOR, competing away ATP, another metabolite that is necessary
for mTOR to be active and phosphorylate its substrates.

"These findings highlight malonyl-CoA as the first described
endogenous metabolite that acts as an ATP-competitive inhibitor for a
signaling kinase in mammalian cells," says Constantinos Demetriades,
research group leader at the Max Planck Institute for Biology of Ageing
and head of the study.

"It is noteworthy that this phenomenon is evolutionarily conserved from
yeast to human cells, thus it represents an ancient mechanism via which
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lipid metabolism talks to the core regulator of all other metabolic
processes, mTORC1."

Linking fatty acid biosynthesis to cell growth through
mTORC1

At the molecular level, the researchers found that mTORC1 forms
physical interactions with ACC1 and FASN, allowing it to directly sense
the levels of malonyl-CoA at the site where the metabolite is produced.
In this way, the direct binding of malonyl-CoA to mTORC1 switches off
all other cellular processes that are controlled downstream of this
complex.

As a result, under conditions that a cell cannot produce enough fatty
acids, mTORC1 inhibition would also block synthesis of proteins, other
anabolic processes and, eventually, cell growth, until conditions are
optimal again.

As pharmacological inhibitors of FASN, like those used in this study, are
used as anti-cancer drugs in the clinic, these discoveries may also be
relevant for cancer treatment in the future. Based on the data described
here, FASN inhibitors likely have a two-fold effect in cancer cells: not
only do they block fatty acid synthesis, which is required for membrane
formation and energy production, but they also inhibit mTORC1
activity, which is dysregulated in most cancers.

The paper is published in the journal Nature Cell Biology.

  More information: Raffaele Nicastro et al, Malonyl-CoA is a
conserved endogenous ATP-competitive mTORC1 inhibitor, Nature Cell
Biology (2023). DOI: 10.1038/s41556-023-01198-6
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