
 

Researchers find glycolysis links to gene
transcription via NAD+
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Compartmentalized NAD+ biosynthesis by NMNATs regulates adipogenesis
through PARP-1. NMNATs synthesize NAD+ from nicotinamide
mononucleotide (NMN) and adenosine triphosphate. Nuclear NMNAT-1
provides NAD+ for nuclear ADP-ribosylation and gene regulation by PARP-1,
whereas cytoplasmic NMNAT-2 provides NAD+ for cytosolic ADP-ribosylation
and cellular metabolism. Competition between NMNAT-1 and NMNAT-2 for
their common substrate, NMN, promotes compartmentalized regulation of
NAD+ levels, allowing for discrete nuclear and cytoplasmic events. The
fluorescent images of NAD+ in the bottom panel were generated using a NAD+
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sensor localized to the nucleus (left) or the cytoplasm (right). Credit: Science
(2018). DOI: 10.1126/science.aan5780

A team of researchers at the University of Texas has found NAD+
synthesis and consumption integrate glucose metabolism and adipogenic
transcription during adipocyte differentiation. In their paper published in
the journal Science, the group describes their research into how glucose
is converted into fat in the body and what they found. Sophie Trefely
and Kathryn Wellen with the University of Pennsylvania and Drexel
University, respectively, offer a Perspective piece on the work done by
the team in Texas in the same journal issue.

As obesity rates continue to climb around the globe, scientists continue
to explore why it is happening. In addition to studying the psychological
aspects involved, scientists would also like to better understand why
eating too much makes people gain weight. In this new effort, the
researchers looked more closely into why consuming too much glucose
causes the body to produce fat.

Prior research has shown that nicotinamide adenine dinucleotide (NAD)
is an important molecule that plays a role in a wide variety of
physiological and pathological processes. Its oxidized form, NAD+, has
also been found to act as a cofactor in metabolic pathways, and more
importantly, perhaps, is consumed by various enzymes. Once consumed,
NAD+ is broken down into nicotinamides and ADP-ribose. This, the
researchers note, means that NAD+ must be resynthesized for normal
cellular function to continue. They further note that some prior research
has suggested that lower-than-normal levels of NAD+ can alter 
metabolism, leading in some cases to higher disease susceptibility.

The researchers believed that cellular metabolism and gene regulation
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might be connected to the synthesis of NAD+, so they embarked on a
series of experiments to back up their ideas. In so doing, they discovered
evidence indicating that compartmentalized (within membrane-bound
organelles) NAD+ synthesis and subsequent consumption served to
integrate glucose metabolism and adipogenic transcription as part of the
adipocyte differentiation process.

The study results, Trefely and Wellen note, show that metabolism
involving membrane-bound organelles is distinct from that involving
small molecules such as NAD+, which can pass through nuclear pores,
allowing metabolic equilibrium.

  More information: Keun Woo Ryu et al. Metabolic regulation of
transcription through compartmentalized NAD+biosynthesis, Science
(2018). DOI: 10.1126/science.aan5780 

Abstract
NAD+ (nicotinamide adenine dinucleotide in its oxidized state) is an
essential molecule for a variety of physiological processes. It is
synthesized in distinct subcellular compartments by three different
synthases (NMNAT-1, -2, and -3). We found that compartmentalized
NAD+ synthesis by NMNATs integrates glucose metabolism and
adipogenic transcription during adipocyte differentiation. Adipogenic
signaling rapidly induces cytoplasmic NMNAT-2, which competes with
nuclear NMNAT-1 for the common substrate, nicotinamide
mononucleotide, leading to a precipitous reduction in nuclear NAD+
levels. This inhibits the catalytic activity of poly[adenosine diphosphate
(ADP)–ribose] polymerase–1 (PARP-1), a NAD+-dependent enzyme
that represses adipogenic transcription by ADP-ribosylating the
adipogenic transcription factor C/EBPβ. Reversal of PARP-1–mediated
repression by NMNAT-2–mediated nuclear NAD+ depletion in response
to adipogenic signals drives adipogenesis. Thus, compartmentalized
NAD+ synthesis functions as an integrator of cellular metabolism and
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signal-dependent transcriptional programs.
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