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Sirtuins are key players for maintaining cellular homeostasis and are often deregulated in different human
diseases. SIRT7 is the only member of mammalian sirtuins that principally resides in the nucleolus, a nuclear
compartment involved in ribosomal biogenesis, senescence, and cellular stress responses. The ablation of SIRT7
induces global genomic instability, premature ageing, metabolic dysfunctions, and reduced stress tolerance,

highlighting its critical role in counteracting ageing-associated processes.
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1. Mammalian Sirtuins: General Functions and Activation in
Response to Stress

Sirtuins are highly conserved enzymes that principally act as NAD + -dependent histone/protein deacetylases
although some members also possess mono-ADP ribosylation and other less characterized activities LIZIEBI4I5I6]
For deacetylation, sirtuins catalyze the transfer of the acetyl group from the substrate to NAD + , concomitant with
the release of 2'-0O-acetyl-ADP-ribose and nicotinamide (NAM). During mono-ADP ribosylation, the ADP-ribose
(ADPR) is transferred from NAD + to the target protein and NAM is released ( Figure 1 a). Interestingly, NAM is a
potent inhibitor of sirtuins, suggesting the presence of a finely controlled negative auto-regulatory loop, modulating
the enzymatic activity ( Figure 1 a). In mammals, seven sirtuin members ( SIRT1 — SIRT7 ) have been described.
These molecules share a conserved catalytic domain but differ substantially in their N-terminal and C-terminal
sequences, which are fundamental for interactions with specific targets as well as for the specification of
subcellular localization. Sirtuins are found in different cellular compartments: SIRT1 , SIRT6 , and SIRT7 are
principally localized in the nucleus while other sirtuins reside in the mitochondria or in the cytoplasm as illustrated
in Figure 1 b. SIRT7 is the only member of the family that is highly enriched in the nucleolus due to the presence
of nuclear and nucleolar localization sequences at the N-terminal and C-terminal regions J ( Figure 1 b). Sirtuins
efficiently shuttle between different compartments in response to numerous intracellular and extracellular stimuli to
promote the activation of specific signaling pathways. These molecules activate a complex network of cellular
responses to stress to maintain cellular homeostasis, including regulation of the transcription of specific target
genes, modulation of chromatin structure, activation of mechanisms of DNA repair, metabolic adaptation to stress,
and modulation of apoptosis among others 8 ( Figure 1 c). The ability of sirtuins to control such a broad range of
biological functions mainly derives from their capacity to control both chromatin-related and -unrelated targets.
Sirtuins act as potent epigenetic silencers by promoting heterochromatin formation through the direct deacetylation
of different histone marks or indirectly by controlling the activity of numerous histone modifiers such as

methytransferases and acetyltransferases BBl Notwithstanding, sirtuins control the activity and functions of

https://encyclopedia.pub/entry/15030 1/11



SIRT7 | Encyclopedia.pub

enzymes, transcription factors, and other chromatin unrelated molecules mainly through direct deacetylation,

highlighting their complex functions in the regulation of cellular processes [,
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Figure 1. Mammalian sirtuins: general functions and activation in response to stress (a) Schematic representation
of the main enzymatic activities of mammalian sirtuins. Sirtuins catalyze deacetylation of protein targets by
transferring the acetyl group to NAD+, concomitant with the release of nicotinamide (NAM) and 2'-O-acetyl-ADP-
ribose (upper panel). In the mono-ADP-ribosylation reaction, the ADP-ribose (ADPR) is transferred from NAD* to
the substrate, leading to release of NAM (lower panel). NAM is a potent inhibitor of the enzymatic activity of
sirtuins. (b) Schematic representation of the structure and subcellular distribution of mammalian sirtuins. SIRT7
nuclear and nucleolar localization sequences (NLS and NoLS, respectively) are indicated. (¢) Scheme depicting

the mechanisms involved in sirtuins activation following stress (red) and their main biological functions (green).

Different mechanisms are employed to promptly activate sirtuins following stress. Stressors modulate sirtuin genes’
expression, protein stability, or control their binding to specific inhibitors B ( Figure 1 c). Moreover, the strict
dependency of the catalytic activity of sirtuins on NAD + allows swift adaption to the metabolic state of cells. Stress

conditions such as glucose deprivation or caloric restriction (CR), which increase NAD + levels due to enhanced
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mitochondrial respiration and dramatically induce sirtuins expression and/or activity [¢! ( Figure 1 c). CR represents
the most prominent intervention to delay ageing and extend life span in different experimental organisms 19,
Different studies demonstrated that the beneficial effects of CR can be attributed to the activation of sirtuins, at
least in part L. Thus, the activation of sirtuins might improve cellular adaptation to stress, induced by nutrient

deprivation.

The acquisition of specific post-translational modifications (PTMs) such as phosphorylation, methylation, and
ubiquitination, among others, represents another mechanism to control the activity of sirtuins. PTMs control the
interaction of sirtuins with specific targets, their subcellular localization and catalytic activity, in some cases by
interfering with the capacity to bind NAD + 12231141 |ntriguingly, recent studies also demonstrated that mammalian
sirtuins possess auto-regulatory mechanisms. For instance, SIRT1 is capable of auto-catalytic activation by auto-
deacetylation (231 while SIRT7 possesses auto-mono-ADP ribosylation activity [, Interestingly, cross-regulation
between mammalian sirtuins is also employed to fine-tune their functions. The binding of SIRT7 to SIRT1 inhibits
SIRT1 auto-catalytic activation resulting in the stimulation of adipogenesis and destabilization of constitutive
heterochromatin B3, |n sharp contrast, binding of SIRT1 to SIRT7 is fundamental to promote the formation of
ribosomal DNA heterochromatin and to repress E-cadherin expression, thus stimulating cancer metastasis 181171,
Additionally, a synergistic effect between SIRT1 and SIRT6 has been described. SIRT1 -mediated deacetylation of
SIRT6 is fundamental for recruitment of SIRT6 to double strand breaks (DSBs), thereby facilitating chromatin
remodeling required for efficient DNA repair [£&l. These findings illustrate the complexity of the regulation of sirtuins
under physiological and pathological conditions. More research is warranted to unveil the molecular mechanisms
controlling the regulation of these molecules in stress induced cellular processes, in order to identify novel
pathways suitable for therapeutic interventions in diseases characterized by alterations in functions of sirtuins (

Figure 1 c).

| 2. SIRT7 Controls Multiple Functions of the Nucleolus

The enriched localization of SIRT7 in the nucleoli prompted different groups to investigate its biological functions in
this nuclear compartment. SIRT7 emerged to be a critical factor that promotes rRNA transcription and maturation
by acting at different levels. SIRT7 stimulates rDNA transcription by facilitating the recruitment of RNA polymerase |
(Pol I) at rDNA genes both through its interaction with the transcription factor UBF1 and deacetylation of the Pol |
subunit PAF53 2200 Additionally, SIRT7 deacetylates the nucleolar protein fibrillarin (FBL), facilitating FBL-
mediated histone methylation that is essential to activate rDNA transcription during interphase and its resumption
at the end of mitosis (Figure 2 and Table 1) 21221 Besides stimulating rDNA transcription, SIRT7 facilitates pre-
rRNA processing through deacetylation of U3-55k, a core component of the U3 snoRNP complex 22 (Figure 2
and Table 1). In sharp contrast, recent work demonstrated that SIRT7 epigenetically represses expression of
specific ribosomal proteins, indicating a highly complex role of this molecule in the maintenance of ribosome
homeostasis 2425 S/RT7 is also a critical regulator of RNA Pol Il mediated transcription and stimulates
expression of different tRNAs, suggesting that the capacity of SIRT7 to activate global protein biosynthesis

employs additional mechanisms besides promoting ribosome biosynthesis [28],
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Figure 2. SIRT7 has a dual function in the unstressed nucleolus. SIRT7 stimulates rDNA transcription by

facilitating recruitment of Pol | both by interacting with UBF1 and through direct deacetylation of the Pol | subunit

PAF53. In addition, SIRT7 deacetylates fibrillarin (FBL) and thereby favors FBL-mediated chromatin remodeling

required for stimulation of rDNA transcription. SIRT7 also promotes pre-rRNA processing by deacetylating U3-55k,

a core component of the U3 snoRNP complex. SIRT7 is a key player for maintaining rDNA stability at inactive

rDNA genes by promoting heterochromatin formation through recruitment of SIRT1, DNMT1, and the chromatin

remodeling complex (NORC). Moreover, SIRT7 might maintain rDNA stability by facilitating resolution of R-loops.

Table 1. Table summarizing SIRT7 nucleolar functions under physiological and stress conditions.

SIRT7 Nucleolar Functions

Function

Cell Type

Condition

Stimulation of rDNA
transcription and ribosome
biogenesis

Cancer cell lines and human embryonic
kidney cells

Physiological conditions
[19][20[21]22][23]

Maintenance of rDNA repeats
integrity

Primary mouse embryonic fibroblasts (MEFs),
mouse liver, human fibroblast-like fetal lung

Physiological conditions
[17][27]
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SIRT7 Nucleolar Functions

Function Cell Type Condition
cells
. Cancer cell lines and human embryonic Physiological conditions
Resolution of R-loops i 28]
kidney cells :
S el) G o1 t_hrough Cancer cell lines, MEFs, mouse skin UV irradiation 12!
NPM deacetylation
Stabilization of p53 through . .
. lucose starvation 22
MDM?2 degradation Cancer cell lines g
Inhibition of pre-rRNA Cancer cell lines and human embryonic Nutrient stress 2220,
transcription following stress kidney cells hypertonic stress 23,

Besides its well-characterized role in ribosomes biogenesis, the nucleolus has been recognized as a critical

compartment involved in maintaining genomic stability, preventing ageing, and enabling cellular stress responses
[31]

The translocation of SIRT7 in response to glucose starvation represents another mechanism to stabilize p53.
Nucleoplasmic SIRT7 associates and deacetylates the acetyl transferase p300/CBP-associated factor (PCAF),
which increases the binding of PCAF to MDM2 favoring MDM2 degradation, p53 stabilization, and cell cycle
inhibition 22 (Figure 3 and Table 1). Apparently, distinct mechanisms are employed by SIRT7 to inhibit MDM2 for
promoting p53 stabilization, depending on the type of stress (12I29] On the other hand, SIRT7 is not always
required for p53 stabilization. For example, SIRT7 has no impact on p53 stabilization following inhibition of rDNA
transcription (2] and rather promotes p53 stabilization in response to specific stress stimuli although through still
poorly characterized mechanisms 32 The capacity of SIRT7 to directly deacetylate p53 and suppress its
transcriptional activity adds another layer of complexity into the mechanisms by which SIRT7 controls the p53
pathway. Although some studies demonstrated that the deacetylation of p53 by SIRT7 suppresses its pro-apoptotic
functions and favors cell survival under stress 2224l other studies failed to identify p53 as a deacetylation target of
SIRT7 under particular stress conditions or in vitro 242238 These apparently contradictory results suggest a

highly complex role of SIRT7 in controlling the p53 pathway that warrants further research.
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Figure 3. SIRT7 promotes p53 stabilization in response to distinct stressors. In response to UV-induced stress,
SIRT7 is activated by ATR-mediated phosphorylation. Activated SIRT7 efficiently deacetylates its nucleolar target
nucleophosmin (NPM), facilitating its exclusion from nucleoli. Deacetylated NPM binds and inhibits the ubiquitin
ligase MDM2, thereby preventing MDM2- dependent ubiquitination and subsequent proteasomal degradation of
p53 (left panel). In response to glucose starvation, SIRT7 translocates from the nucleolus, associates and
deacetylates PCAF, which favors PCAF-mediated degradation of MDM2, leading to p53 stabilization (right panel).

The exclusion of SIRT7 from nucleoli in response to different stress signals has been amply documented,
indicating that exclusion of SIRT7 per se represents a hallmark of the NSR (8137 Several lines of evidence
suggest a dynamic role of SIRT7 in the stressed nucleolus that might be employed to fine-tune activation of distinct
cellular responses. In the early phase of the NSR, SIRT7 activates specific signaling pathways through
deacetylation of nucleolar targets such as NPM 12, The exclusion of SIRT7 from the nucleolus seems to represent
a mechanism that prevents hyper-activation of nucleolar SIRT7 targets. Notwithstanding, the exit of SIRT7 from the
nucleolus results in the hyperacetylation of other nucleolar proteins and consequent modulation of their functions,
which may occur during a late phase of the NSR [38. Furthermore, relocation of SIRT7 into other cellular

compartments is instrumental for rapid activation of extra-nucleolar functions of SIRT7 .
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The mechanisms controlling SIRT7 translocation from the nucleoli following stress stimuli remain poorly
characterized. Maintenance of SIRT7 in the nucleoli is strictly correlated to rRNA transcription, since its inhibition
excludes SIRT7 from this compartment 22, Several different pathways inhibit rDNA transcription in response to
stress. Thus, the reduction of rRNA expression itself may cause exclusion of SIRT7 from nucleoli, which will further
reinforce transcriptional inhibition, robustly preventing ribosome biogenesis. Post-translational modifications also
control the subcellular localization of SIRT7 . The phosphorylation of SIRT7 by AMPK (5 adenosine
monophosphate-activated protein kinase), a key molecule for restoring cellular energy levels, favors exclusion of
SIRT7 from nucleoli, resulting in dramatic downregulation of rDNA transcription and energy saving following
glucose starvation B9, SIRT7 is also phosphorylated by the kinase ATR following genotoxic stress, although the
effect of this post-translational modification on the subcellular distribution of SIRT7 and its contribution to rRNA
transcription was not determined 12, The complex network employed to efficiently exclude SIRT7 from the
nucleolus has been only partially characterized, despite its paramount importance for inhibiting rDNA transcription

and regulating other cellular functions ( Figure 4 and Table 1).

Stress

Nucleolus |

Figure 4. Translocation of SIRT7 from the nucleolus following stress is a critical event to activate SIRT7-regulated

extra-nucleolar functions. See text for details.
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4. SIRT7 Controls Extra-Nucleolar Functions to Ensure
Cellular Integrity Following Stress

In addition to the control of critical nucleolar functions, SIRT7 is involved in numerous cellular reactions that take
place outside this compartment. We assume that the nucleolus acts as a reservoir of SIRT7 and ensures its rapid
mobilization following stress to achieve a robust activation of SIRT7 -mediated extra-nucleolar functions. For
instance, SIRT7 controls the activation of a transcriptional program that facilitates adaptation to starvation. This
process requires auto-mono-ADP ribosylation of SIRT7 . Auto-modified SIRT7 binds to the histone variant
mH2A1.1, which binds mono-ADP-ribose. Thereby, SIRT7 is recruited to intragenic regions where it controls
expression of nearby genes by modulating chromatin organization . SIRT7 is also involved in maintaining
mitochondria homeostasis. Mitochondria are organelles responsible for cellular energy generation through the
biosynthesis of ATP but also control other cellular activities. Dysregulation of mitochondrial homeostasis has been
implicated in the development of numerous human diseases including ageing. Moreover, the adaptation of
mitochondrial functions in response to nutrient deprivation is imperative for the maintenance of cellular
homeostasis and to ensure cell survival 8. Ablation of SIRT7 in mice correlates with the onset of cellular and
organismal alterations associated with mitochondrial dysfunctions such as accelerated ageing, deterioration of
hematopoietic stem cells, cardiac and hepatic diseases, and age-associated hearing loss B24d, SIRT7 employs
different mechanisms to control mitochondrial functions. In particular, SIRT7 acts as a potent epigenetic suppressor
of nuclear encoded genes responsible for mitochondria biogenesis 2241 and represses thereby the mitochondrial
protein folding stress response (PFS mt ). Inhibition of SIRT7 enzymatic activity under physiological conditions
through PRMT6-mediated methylation ensures efficient stimulation of mitochondria biogenesis . Following
glucose starvation, binding of SIRT7 to PRMT6 is disrupted via a mechanism requiring AMPK-dependent
phosphorylation, which stimulates SIRT7 -mediated epigenetic repression of target genes leading to inhibition of de
novo biosynthesis of mitochondria 411, In addition, SIRT7 -dependent inhibition of the PFS mt ensures cell survival
following nutrient deprivation 29 On the other hand, SIRT7 stimulates expression of genes controlling
mitochondrial functions (such as components of the respiratory chain) by activating the transcription factor
GABPp1 through direct deacetylation B2,
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