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Sirtuins are thought to form crucial links between energy levels and cellular metabolism. Libert et al.
now provide evidence that SIRT1 activity in the brain modifies mammalian emotional behavior
via monoamine signaling and that changes in this pathway might contribute to human affective
disorders
Charles Darwin intended to include a
chapter on emotions, their function, and
their evolution in his book The Descent of
Man, but in the end he found the subject
so rich and so important that The
Expression of the Emotions in Man and
Animals became an entire book. Ever
since, science has been trying to unravel
the adaptive significance of behavioral
states and emotions, what neural substrates underlie them, and how they go
awry in human psychiatric conditions.
In this issue of Cell, Libert et al. (2011)
tackle all three of these questions in
proposing that the metabolically regulated enzyme sirtuin 1 (SIRT1) modulates
monoamine oxidase A (MAO-A) levels
to link mood and behavior to energy
consumption. Moreover, they provide
evidence that variability in the SIRT1
gene contributes to human susceptibility
to anxiety disorders.
MAO-A is the brain’s primary means of
degrading serotonin and noradrenaline
and has been a focus of mood disorder
research ever since the serendipitous
1952 discovery that inhibiting it has antidepressant effects. MAO inhibitors were
the first widely used and effective pharmacotherapy for depression and some
anxiety disorders.
Currently there is much excitement
about drugs that modulate sirtuins.
Research on these enzymes has grown
explosively, and often controversially,
over the last decade since they were found
to mediate, at least in part, the longevityenhancing effects of caloric restriction in

budding yeast. As sirtuin homologs are
conserved from bacteria to mammals,
and caloric restriction extends life span
in higher animals, there is considerable
interest in the possibility that sirtuin activation might thwart numerous diseases
and prolong human life.
The overarching hypothesis of sirtuin
function is that their activity matches
cellular physiology to energy availability
(Guarente, 2000; Cantó and Auwerx,
2009). Sirtuins are primarily NAD+-dependent deacetylases, although among the
seven mammalian isoforms, some have
ADP-ribosyl transferase activity. Much
work in yeast focuses on histone deacetylation, but a diverse range of sirtuin
substrates has now been identified (Michan and Sinclair, 2007). Sirtuin activity is
typically inversely related to caloric intake,
and it is thought that this is due to metabolically induced variation in NAD+:NADH
ratios, although caloric restriction often
also increases sirtuin expression levels.
Given that in animals, behavior is central
to adapting to environmental resource
levels, the idea that sirtuins might impact
neural function is attractive.
Libert et al. tested two strains of mice in
assays that measure aspects of affective
behavior. Mice lacking SIRT1 expression
in the brain spent more time exploring an
open space, indicative of lower anxiety
levels; struggled more in the forced
swim test, suggesting greater stress resilience; and appeared protected against
the anhedonic effects of social defeat.
Conversely, mice globally overexpressing
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SIRT1 had higher anxiety scores than
controls. In these mice, chronic treatment
with an MAO inhibitor, which reduces
anxiety, normalized behavioral scores
across genotypes.
When the authors tested whole brain
monoamine levels, they found that anxiety
scores were negatively correlated with
changes in serotonin and noradrenaline
levels. How SIRT1 affects these neuromodulators was revealed through elegant
and systematic in vivo and in vitro experimentation, which showed that SIRT1
deacetylates the transcription factor
NHLH2 to control MAO-A expression.
The study concludes with tests of the
psychiatric relevance of this pathway and
a model for its evolution. SIRT1 polymorphism frequencies were measured across
control and psychiatric patient populations, and both rare and common alleles
were associated with anxiety-related
disorders, consistent with a previous
linkage with depression (see Libert
et al., 2011, references therein). In vitro
assays of two variant alleles showed
them to have increased SIRT1 activity.
The evolutionary considerations are
more speculative; a dynamic model of a
three-tier food chain predicts that the
middle species will experience greatest
predation when food is scarcest. Finding
that calorie-restricted mice show a moderate decrease in exploratory behavior,
the authors suggest that SIRT1 signaling
adaptively controls behavior so that
hungry, heavily preyed-on animals would
be best served by being anxious, vigilant,

and careful, whereas well-fed
not to mention sirtuins’ promice should carelessly radiate
posed role in learning, the
and procreate.
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Somogyvári, M., Piper, M.D., Hoddinott, M., Sutexample, depleting serotonin levels in calorie-restricted mice needs to be linked
phin, G.L., Leko, V., McElwee, J.J., et al. (2011).
healthy humans does not evoke mood directly to sirtuin signaling. In terms of Nature 477, 482–485.
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