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The presence of a true quiescent state
that is fundamentally distinct from
slowly-growing cells in an extended G1

phase has been debated for decades.1

However, it is clear that the ability to
remain in a reversible, nondividing state is
essential to the survival of organisms.
Such states are seen from budding yeast
where nutritional cues promote a robust,
stress-resistant cellular response through
humans, where maintenance of stem cell
populations hinges on controlled entry
and exit from a proliferative program.2

The presence of an easily-separable, long-
lived quiescent population in yeast has
been discovered3 allowing for interro-
gation of properties and identification of
mechanistic drivers of this conserved cellu-
lar state.4 However, strong evidence has
brought into question the existence of a
bona fide quiescent state in yeast, since
nutrient limitation and starvation elicit
similar responses while distinct nutrient
challenges promote nutrient-specific qui-
escence programs.5,6

We recently described a large-scale
repressive event that is detectable in puri-
fied quiescent yeast but not in cells under-
going diauxic shift or in cells starved and
G1 arrested by rapamycin treatment.7

Using external controls to account for
global shifts in transcriptional output, we
showed that quiescent cells purified from
stationary phase cultures demonstrate a
»30-fold drop in mRNA levels compared
to a »2-fold repression at the diauxic
shift. This massive transcriptional shutoff
is dependent on the conserved histone (or
lysine) deacetylase (HDAC) Rpd3, which
is specifically recruited to thousands of

promoters in quiescent cells leading to
global hypoacetylation of chromatin and
gene repression. Deletion of RPD3 pre-
vents progression from the diauxic shift
chromatin state to the quiescence-specific
chromatin state, and limits transcriptional
shutoff to that observed in wild type cells
undergoing diauxic shift. Thus we have
identified a chromatin-based global mech-
anism required for stable repression of the
transcriptome that is separable and dis-
tinct from the initial diauxic shift response
to glucose consumption. We propose that
acute responses to short term stresses such
as nutrient elimination likely involve indi-
vidual transcriptional programs for deal-
ing with the specific environmental
situation. Prolonged exposure to disparate
stresses, however, may converge on a
shared global transcriptional shutoff
response such as that driven by Rpd3 after
glucose consumption (Fig. 1). A distinct
response to short-term stresses would be
advantageous if the stress is truly short-

lived, as cells would be poised to rapidly
respond to a changing environment with-
out committing resources to a global tran-
scriptional shutoff. A common global
response to prolonged stress is advanta-
geous for conserving cellular resources
under prolonged exposure to harsh
environments.

Our work has uncovered a unique and
critical role for Rpd3 in establishing stable
transcriptional quiescence, which has
many potential implications for quies-
cence in yeast and beyond. We have iden-
tified global chromatin changes associated
with yeast quiescence that are not seen in
other cell cycle stages, thereby distinguish-
ing quiescence as a truly separate cell cycle
stage. It was unexpected to find such a
widespread function for Rpd3 in yeast
quiescence, as previous reports have dem-
onstrated limited roles for Rpd3 in cycling
cells. Many questions about the roles of
Rpd3 and chromatin structure in tran-
scriptional quiescence remain. What are

Figure 1. Cartoon diagram suggesting how different stresses may elicit distinct short-term tran-
scriptional responses followed by a unified global quiescence response to endure prolonged stress
exposure.
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the downstream events and cofactors
responsible for transducing Rpd3-driven
deacetylation to global transcriptional
shutoff? What are the signals and path-
ways for “turning off” Rpd3 and reversing
transcriptional quiescence? Are these

mechanisms conserved in all eukaryotes?
It is likely that many other yeast proteins
function primarily during this under-char-
acterized cell cycle stage and it will cer-
tainly be worthwhile reevaluating protein
function in this unique context. Future

research in yeast will likely uncover highly
conserved, intricately-orchestrated molec-
ular events that unify chromatin modifica-
tion, genome reorganization, and massive
transcriptional repression to promote the
protective, reversible quiescent state.
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