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Abstract

Cells evolve to actively coordinate nutrient availability with cellular activity in order to maintain 

metabolic homeostasis. In addition, active pathways to repair DNA damage are crucial to avoid 

deleterious genomic instability. In recent years, it has become increasingly clear that availability 

of intermediate metabolites may play an important role in DNA repair, suggesting that these two 

seemingly distant cellular activities may be highly coordinated. The sirtuin family of proteins now 

described as deacylases (they can also remove acyl groups other than acetyl moieties), it appears 

to have evolved to control both metabolism and DNA repair. In this review, we discuss recent 

advances that lay the foundation to understanding the role of sirtuins in these two biological 

processes, and the potential crosstalk to coordinate them.

Introduction

Sirtuins are members of a family of evolutionarily conserved enzymes with NAD+-

dependent deacylase activity. Since the discovery of Sir2 (silencing information regulator 2) 

in the budding yeast Saccharomyces cerevisiae as a transcriptional silencer of the mating-

type loci more than 20 years ago [1], many studies have demonstrated diverse biological 

roles for sirtuins, such as in genome stability, cellular metabolism, and lifespan regulation 

[2,3]. Mammalian sirtuins have seven isoforms (SIRT1–7), each one with unique subcellular 

localization and distinct functions [4]. SIRT1 and SIRT2 can be found in both nucleus and 

cytoplasm, SIRT6 and SIRT7 are almost exclusively nuclear and SIRT3, SIRT4, and SIRT5 

are located in the mitochondria [5]. Studies on sirtuin biology have shown great progress in 

the past two decades, emphasizing the critical importance of these enzymes in human 

biology and disease.
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Due to their NAD+ dependency, it had been speculated that sirtuins play a crucial role in 

modulating energy metabolism. Indeed, sirtuins are broadly recognized as critical regulators 

of multiple metabolic pathways, including glucose, glutamine, and lipid metabolism [6]. For 

cells to thrive, energy and metabolic demands have to be carefully coordinated with 

nutrients availability. As sensors of energy and redox status in cells, these protein deacylases 

can directly modulate activity of key metabolic enzymes -by posttranslational modifications- 

as well as regulate transcription of metabolic genes. In addition, several sirtuins play 

additional roles in metabolic homeostasis. For instance, both SIRT1 and SIRT2 control 

autophagy responses under various nutrient stress conditions, as modulators of FOXO 

signaling pathway [7]. Autophagy will be covered in detail in an accompanying article in 

this issue.

Nuclear sirtuins have also evolved as regulators of genome integrity. Our cells experience ~ 

1×104−1×105 DNA lesions per day [8], hence they have developed repair machineries to 

avoid detrimental outcomes from oxidative and genotoxic stress. In the past decade, the 

roles of sirtuins in maintaining genomic stability have been described, as regulators of DNA 

repair pathways [9], chromatin structure [10], and telomere maintenance [11,12].

Based on the fact that sirtuins possess dual roles in metabolism and DNA repair, sirtuins can 

serve as nodal points in regulating both processes. Intriguingly, new studies have started to 

appreciate that DNA damage can directly trigger adaptive metabolic responses [13,14], 

indicating that these two seemingly separate biological entities may function in a highly 

coordinated fashion. In this review, we will focus on recent progress in understanding the 

roles of sirtuins in both metabolism and DNA repair, and the possible crosstalk between 

these two phenomena.

Sirtuins in metabolism

Glucose and glutamine metabolism

Since glucose is a primary nutrient for cell survival and proliferation, systemic glucose 

levels should be tightly regulated throughout tissues. Crucial organs such as liver, muscle, 

and pancreas are main modulators of glucose homeostasis. At the cellular level, once 

glucose enters a cell, it is converted into pyruvate in the cytoplasm through glycolysis in a 

multi-enzyme, strictly regulated process. In most cells, pyruvate will then enter the TCA 

cycle to generate energy through oxidative phosphorylation (OXPHOS) in a highly efficient 

process (34–36 mols of ATP per mol of glucose). However, in specific cases, pyruvate will 

be diverted in the cytoplasm to produce lactate, a less efficient way to produce ATP, but a 

critical adaptive mechanism in cells where OXPHOS is impeded (hypoxia, for instance) or 

to produce intermediate metabolites for biomass in highly proliferating cells.

Extensive studies have previously shown that SIRT1 can modulate both gluconeogenesis 

and glycolysis by regulating important metabolic factors, including PGC1α and FOXO [15]. 

More recently, intracellular levels of NAD+ has been shown to regulate SIRT1 deacetylase 

activity, affecting high fat diet (HFD)-induced obesity and aging, as discussed below 

[reviewed in 16].
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SIRT3 is a major mitochondrial protein deacetylase [17], regulating multiple metabolic 

proteins such as the TCA cycle protein isocitrate dehydrogenease 2 (IDH2) [18] and key 

proteins in the electron transfer chain (ETC) [19–21]. In skeletal muscle, SIRT3 plays an 

important role in regulating metabolic adaptive responses. Decreased levels of SIRT3 cause 

increasing oxidative stress and insulin resistance [22] and recent studies showed that active 

deacetylation of pyruvate dehydrogenase (PDH) E1α by SIRT3 provides metabolic 

flexibility under nutrient stress conditions [23]. Wang and his colleagues discovered that 

SIRT3 can deacetylate FOXO3a, in turn enhancing FOXO3a activity and increased 

expression of its targets, including antioxidant genes. In this way, SIRT3 protects 

mitochondria from oxidative stress [24]. Since SIRT3 actively modulate carbohydrate 

metabolism and ROS production, the role of SIRT3 in cancer metabolism has been 

highlighted [25]. Gius et al. first described that SIRT3 acts as a tumor suppressor by 

maintaining intact mitochondria in breast cancer [26]. Later, two studies provided 

mechanistic proof that HIF-1α (hypoxia inducible factor-1α) stabilization following 

mitochondrial ROS generation is critical to sustain cancer-prone metabolic reprogramming 

in SIRT3-deleted tumors [27,28].

SIRT4 is mostly known for its role in glutamine metabolism. In proliferating cells, 

glutamine is the main source to replenish the TCA cycle as a source of α-ketoglutarate (α-

KG) [29]. Two different groups recently reported new roles for SIRT4 in glutamine 

metabolism. Jeong et al. described that SIRT4 inhibits glutamine entry to the TCA cycle 

under genotoxic stress, preventing dysregulated proliferation and genomic instability [14]. 

Although SIRT4 appears to work by inhibiting GDH activity, how SIRT4 does so 

mechanistically remains to be fully understood. Notably, Csibi et al. found that the 

mTORC1-CREB2 axis can regulate SIRT4 transcription under various nutrient stress 

conditions, thereby affecting glutamine anaplerosis into the TCA cycle and cell proliferation 

[30], further confirming an important role for this sirtuin in glutamine metabolism.

SIRT5 has recently been defined as a lysine demalonylase and desuccinylase [31]. The 

global analysis of lysine succinylation (“succinylome”) in the context of SIRT5 

demonstrated that this posttranslational modification has a regulatory effect on glucose 

metabolism by modulating the activities of PDH, SDH and mitochondrial respiration in 

mouse liver and MEFs [32]. The pioneering work of the Lin laboratory provided the first 

proof that sirtuins can work by removing non-acetyl acyl groups, defining sirtuins as 

“protein deacylases” and opening a whole new field in enzymology and biochemistry.

Previous work defined SIRT6 as a critical epigenetic regulator of glucose metabolism [33]. 

SIRT6 knockout (KO) mice exhibited a fatal hypoglycemic phenotype, which leads to death 

few weeks after birth [34]. The hypoglycemia resulted mainly from increased glucose 

uptake in muscle and brown adipose tissue. Mechanistically, SIRT6 negatively regulates 

HIF-1α-dependent transcription by deacetylating H3K9Ac at the promoter of several 

metabolic genes such as glucose transporter 1 (GLUT1), lactate dehydrogenase A (LDHA), 

and PDH kinase 1 (PDHK1), thereby augmenting glucose uptake and glycolysis even under 

normoxia [35]. Such phenotype of aerobic glycolysis (also known as “Warburg effect” 

[36]), led to the hypothesis that SIRT6 could play a crucial role as a tumor suppressor. 

Indeed, ablation of SIRT6 enhanced tumor growth both in vitro and in vivo in models of 
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colorectal cancer, [37]. More strikingly, treatment with the PDHK1 inhibitor dichloroacetate 

(DCA), reversed the tumorigenic phenotype in the context of SIRT6-deleted tumors, 

demonstrating that metabolic reprogramming is a driver of tumorigenesis. Two additional 

studies support the idea that SIRT6 acts as a tumor suppressor. Wagner and his colleagues 

reported that decreased level of SIRT6 plays a key role in AP-1-driven liver tumor by 

increasing H3K9Ac at the promoter of survivin and thus promoting cell survival [38]. This 

event is specific to tumor initiation, working in a c-Jun-dependent manner, thus implicating 

SIRT6 in liver tumor initiation. Another study reported that decreased level of SIRT6 is 

associated with poor clinical consequences in hepatocellular carcinoma (HCC) [39]. Taking 

into account that SIRT6 acts as well as a negative regulator of gluconeogenesis in liver via 

GCN5-dependent PGC-1α activation [40], it will be of particular interest to dissect how 

different metabolic outputs may contribute to liver tumorigenesis in a SIRT6 dependent 

manner.

Lipid metabolism

Lipids play fundamental roles as cellular membrane constituents and energy source, whose 

synthesis, storage, and expenditure are tightly regulated by different physiological cues, 

including fasting and nutrients availability. Excess nutrients from glucose, lipid and protein 

metabolism stimulate lipid synthesis, primarily in liver, in order to store energy inside white 

adipose tissue (WAT). Fatty acid (FA) synthesis occurs in the cytoplasm by using malonyl-

CoA as an adaptor molecule and acetyl-CoA as a substrate of FA synthase (FAS), yielding 

acyl-CoA. On the other hand, FA oxidation happens in the mitochondrial matrix where β-

oxidation produces acetyl-CoA, a key molecule in the TCA cycle to generate ATP. As 

energy/redox sensors, sirtuins actively modulate both FA synthesis and oxidation via 

transcriptional or posttranslational regulation [41]. Depending on the subcellular localization 

of sirtuins, they preferentially regulate either FA synthesis (cytoplasm) or FA oxidation 

(mitochondria).

SIRT1 deacetylates and suppresses sterol-response element-binding protein 1c (SREBP1c)-

dependent transcription, targeting triglyceride synthesis in the liver [42,43]. SIRT1 also 

plays a key role in hepatic FA utilization during fasting [44] or HFD [45], mediating the 

transcriptional activation of PPARα/PGC-1α-dependent genes. Li and his group further 

demonstrated that liver-specific genetic ablation of SIRT1 caused hepatic steatosis in vivo 

[46]. In skeletal muscle, a SIRT1/PGC-1α complex is activated via cAMP/PKA signaling 

cascade from adrenergic stimuli to increase FA oxidation [47]. Interestingly, oleic acid 

among long-chain free FA (LCFFA) specifically stimulates FA utilization in skeletal muscle 

through a PKA-SIRT1-PGC-1α pathway [48], suggesting that a single LCFFA evolved the 

capability to regulate FA metabolism. Whether this represents a highly specialized feedback 

mechanism and the physiological relevance of these effects remain to be determined.

SIRT3 and SIRT4 play as well important roles in FA oxidation. Genetic ablation of SIRT3 

alters acetylation status of several metabolic enzymes including long-chain acyl-CoA 

dehydrogenase (LCAD), decreasing FA oxidation in liver mitochondria [49] and 

predisposing to metabolic syndrome [50]. Recently, the precise lysine sites in LCAD 

targeted by SIRT3 (K318/K322) were identified [51]. Given that hundreds of mitochondrial 
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proteins are hyperacetylated in SIRT3−/− mitochondria, future work will be required to fully 

grasp the functional and physiological consequences of such modifications. Although SIRT4 

has been known to regulate FA oxidation in liver and skeletal muscle [52], only recently we 

learned SIRT4 as a repressor of malonyl-CoA decarboxylase (MCD) [53]. MCD is a core 

enzyme to balance the levels of malonyl-CoA and acetyl-CoA in mitochondria, and thus it is 

a key module of lipid anabolism and catabolism. Through deacetylation and inhibition of 

MCD activity, SIRT4 favors FA synthesis over FA oxidation in fed condition and deletion 

of SIRT4 has a protective role in HFD-induced obesity.

SIRT6 KO mice presents complete loss of subcutaneous fat in addition to its hypoglycemic 

phenotype, indicating a potential role for SIRT6 in lipid metabolism [34]. Indeed, Kim et al. 

observed that liver-specific deletion of SIRT6 facilitates fatty liver formation by increasing 

triglyceride (TG) synthesis [54]. SIRT6 represses transcription of lipid metabolism-related 

genes including acetyl-CoA carboxylase (ACC) and FAS by H3K9 deacetylation. Recently, 

SIRT6 role in lipid metabolism was further investigated as a regulator of LDL (low-density 

lipoprotein) and cholesterol [55,56]. SIRT6 form a complex with FOXO3a, regulating 

H3K9Ac and H3K56Ac levels in the promoter of the Pcsk9 (proprotein convertase 

subtilisin/kexin type 9) gene, in turn repressing LDLR (LDL receptor) expression, an 

important membrane receptor for LDL and cholesterol internalization in liver [55]. Notably, 

SIRT6 overexpressing mice exhibited protective effect from HFD-induced LDL and 

cholesterol increase in the blood. In a separate study, the same group also reported that 

SREBP-2 is another key regulator in cholesterol homeostasis in a FOXO3/SIRT6-dependent 

manner [56]. Using one of the first models of SIRT6 overexpression, Cohen and his 

colleagues deciphered further mechanistic insights on SIRT6 regulating SREBP-1/2 in liver 

[57], following their original study demonstrating extension of lifespan in SIRT6 transgenic 

mice [58]. In addition to transcriptional repression of SREBP-1/2, SIRT6 modulates 

SREBP-1/2 by proteolytic cleavage and phosphorylation of SREBP-1 via activation of 

AMPK (AMP kinase). In a reciprocal manner, the microRNAs miR33a and miR33b, 

expressed from the introns of SREBP-2 and -1 respectively, down-regulate SIRT6 level. 

Such roles for SIRT6 explained the protection against hypercholesterolemia following HFD 

treatment in SIRT6 transgenic mice. These studies provide multi-layered regulation of lipid 

metabolism by SIRT6, confirming a critical role for SIRT6 in lipid metabolism and 

metabolic syndrome related disorders.

Surprisingly, SIRT6 has shown very weak in vitro deacetylase activity, making biochemical 

analysis challenging. This in vitro observation led to two possible hypotheses: one was that 

SIRT6 needs a certain biological context to fully act as a deacetylase. The other postulated a 

novel enzymatic activity. Astonishingly, it appears that both hypotheses were right. Similar 

to the desuccinylase and demalonylase activity defined for SIRT5 [31], the same group 

demonstrated that SIRT6 possesses a novel enzymatic activity as a LCFA deacylase, 

working as demyristoylase and depalmitoylase in vitro [59]. Supported by in vivo results, the 

study found that SIRT6 demyristoylate TNFα, stimulating its secretion in macrophages. On 

the other hand, Denu and colleagues discovered that in vitro SIRT6 deacetylase activity is 

stimulated a thousand fold by free FA (FFA), performing as robust as any of the other 

sirtuins [60]. This study provided a unique biochemical basis to define a novel regulatory 
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loop, where FFAs in cells can act as allosteric regulators to stimulate SIRT6 activity, which 

in turn will tune FA metabolism to bring back homeostasis.

Although much less is known about SIRT7, a recent study showed that it alleviates HFD-

induced hepatosteatosis by co-repressing Myc transcriptional activity and thus decreasing 

ER stress in liver [61]. In vivo genetic ablation and overexpression of SIRT7 confirmed that 

this protective effect of SIRT7 is Myc-dependent. Although a previous study defined SIRT7 

as an H3K18 deacetylase [62], future investigations will uncover by which mechanism(s) 

SIRT7 regulates Myc-dependent transcription in lipid metabolism.

NAD+ and Metabolism

It has long been postulated that modulation of NAD levels could serve as a mean to regulate 

sirtuin activity, influencing metabolism. A first proof for such hypothesis came from work 

by the Imai lab, where they showed that treatment of mice with the NAD precursor 

nicotinamide mononucleotide (NMN) ameliorated glucose intolerance and diabetes in both 

HFD-treated and aged animals [63]. Such effects were partly dependent on SIRT1. 

Supporting these studies, recent work demonstrated that supplementation with another NAD

+ precursor, nicotinamide riboside (NR), increases intracellular and mitochondrial NAD+ 

levels, thus activating SIRT1 and SIRT3, and subsequently enhancing oxidative metabolism 

both in vitro and in vivo [64]. This study also showed that NR supplementation protected 

against HFD-induced obesity. Remarkably, Sinclair and colleagues discovered that nuclear 

NAD+ levels affect SIRT1 activity to regulate mitochondrial OXPHOS and overall 

homeostasis in mice [65]. When nuclear NAD+ levels are significantly reduced, as seen with 

aging, SIRT1 activity is compromised and mitochondrial metabolism is severely impaired 

through HIF-1α-, c-Myc- and PGC-1α-mediated mechanisms, causing a pseudohypoxic 

state. Furthermore, interventions to increase NAD+ levels by calorie restriction and 

supplementation with NMN partially restored mitochondrial homeostasis and metabolism, 

further defining NAD+ as a key modulatory factor in metabolism-associated aging 

phenotypes. Even though all these studies provided evidence to support a role for SIRT1 and 

SIRT3 downstream of NAD availability, whether other sirtuins may as well being involved 

in those phenotypes remains to be established.

Sirtuins in DNA repair

Our cells are constantly exposed to genomic insults and four major pathways evolved in 

eukaryotes to resolve DNA damage; homologous recombination (HR), non-homologous end 

joining (NHEJ), base-excision repair (BER), and nucleotide-excision repair (NER) [66]. For 

single-strand breaks (SSB), BER and NER are major repair mechanisms to repair the 

nucleotides using the sister strand as a template. ROS-mediated SSBs preferentially 

undergoes BER repair, while bulky adducts and UV-induced thymidine dimers are prone to 

be repaired by NER. For double-strand breaks (DSB), more detrimental to the genome, cells 

choose either HR or NHEJ to repair the damaged DNA. If cells find a homologous DNA 

region from a sister chromatid in proximity to the DNA damage, HR serves as a repair 

mechanism to rebuild the whole damaged area using the template chromatid (indeed, HR is 

the dominant repair pathway during S phase). In contrast, in non-dividing cells, ligation of 

two damaged DNA ends with little homology occurs via NHEJ, an error-prone DDR 
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pathway. Notably, sirtuins have evolved to modulate multiple repair pathways. As explained 

in detail below, some of them modulates activity of DNA repair factors through 

deacetylation, others influence chromatin accessibility to enhance recruitment of repair 

factors, while others influence repair by preventing DNA damage indirectly, by means of 

modulating the cell cycle and preventing oxidative stress.

SIRT1

SIRT1 null mice present embryonic lethality mainly due to impaired DDR and chromosomal 

abnormalities [67]. Indeed, SIRT1 regulates the activity of several proteins important for HR 

repair, such as NBS1 [68], Rad51 [69], and the DSB sensing protein WRN [70]. Recent 

studies show that SIRT1 also regulates NHEJ via cooperative action with ATM and HDAC1 

in postmitotic neurons [71]. On one hand, SIRT1 sustains prolonged activity of ATM, and 

on the other hand, it also stimulates HDAC1 activity by deacetylating this enzyme at sites of 

DSBs. SIRT1 also plays key roles in NER via deacetylation and recruitment of XPA [72] 

and XPC [73] (Xeroderma Pigmentosum A and C) to the sites of damage. All together, these 

results indicate that SIRT1 evolved to perform multiple functions in different DNA repair 

pathways, highlighting its critical role in protecting against genomic instability.

SIRT2

Initial studies demonstrated a potential role for SIRT2 in cell cycle progression, especially 

during mitosis, given that levels of SIRT2 drastically varies throughout the cell cycle [74]. 

Recently, two studies highlighted novel roles for SIRT2 in replication stress and genomic 

integrity [75,76]. The replication stress response (RSR) is one of the DDR signaling 

pathways to keep genome integrity. SIRT2 can relieve RS through deacetylation and 

activation of CDK9 [75]. Vaquero and his group discovered that deacetylation of H4K16Ac 

by SIRT2 facilitates H4K20 methylation by the PR-Set7 methyltransferase, regulating 

mitotic entrance [76]. Notably, loss of SIRT2 facilitated tumor formation in a model of skin 

squamous cell carcinoma [76], indicating a potential role for SIRT2 in protecting against 

genomic instability, thereby preventing tumorigenesis.

Mitochondrial sirtuins

Considering their exclusive localization in the mitochondria, it is reasonable to think that 

SIRT3, 4 and 5 play no direct role on nuclear DNA repair. However, they are of critical 

importance to prevent accumulation of mitochondrial ROS (reactive oxygen species) in turn 

preventing DNA damage. Kim et al. first demonstrated that SIRT3 deletion leads to an 

increased level of superoxide and genomic instability under stress conditions, enhancing 

tumor development in mammary glands [25]. Several groups showed that high ROS level 

results from failure to activate SOD2 (MnSOD, manganese superoxide dismutase) via 

deacetylation by SIRT3 [77–79]. SIRT3 also regulates glutathione-mediated redox balance 

[18] and ROS generation from complex III [26], further supporting a protective role for 

SIRT3 against oxidative stress. As mentioned above, SIRT4 levels are increased by DNA 

damage, acting as a glutamine gatekeeper to regulate anaplerosis towards the TCA cycle, 

coordinating DDR and metabolism [14]. SIRT4 reduces entrance of glutamine to the TCA 

cycle by reducing glutamate dehydrogenase (GDH) activity. Inhibition of glutamine 

metabolism causes cells to arrest, providing sufficient time for these cells to repair DNA. 
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Cells lacking SIRT4 continue to proliferate unabated following DNA damage, in turn 

accumulating genomic instability. In this context, SIRT4 acts as a tumor suppressor in 

models of breast and lung cancer [13,29].

SIRT6

Extensive studies cemented a role for SIRT6 in numerous DNA repair pathways. SIRT6 KO 

cells exhibit hypersensitivity to genotoxic agents and genomic instability [33]. In that 

original study, SIRT6 was proposed to work on BER, by mechanisms that remain poorly 

understood. Chua and her group first illustrated that SIRT6 is necessary for efficient DNA 

DSB repair as well, mainly by stabilizing DNA-PK (DNA-dependent protein kinase) at DSB 

sites in turn promoting NHEJ repair [80]. Moreover, SIRT6 protects telomeric chromatin 

from DNA damage and genomic instability, acting as an H3K9 and H3K56 deacetylase 

[12,81]. Deacetylation of H3K9 by SIRT6 promotes the stable association of the WRN 

protein at telomere regions, important for processing telomeres in S phase [12]. Another 

study found CtIP (CtBP interacting protein) as a novel substrate of SIRT6, which facilitates 

the resection of the DSBs and DNA repair by HR [82]. PARP1 (poly-[adenosine 

diphosphate (ADP)–ribose] polymerase 1) is the first target for mono- ADP ribosylation by 

SIRT6, resulting in enhanced DSB repair both by NHEJ and HR specifically following 

oxidative stress [83]. Interestingly, a recent study found that chromatin remodeling by 

SIRT6 also plays a crucial role in DSB repair [84]. SIRT6 is recruited to sites of DSBs, 

recruiting SNF2h, an ATP-dependent chromatin remodeler, to open chromatin, providing 

proper docking sites for further recruitment of downstream DDR factors, allowing efficient 

repair. This study is particularly meaningful, providing in vivo data that SIRT6 is critical for 

SNF2h recruitment to chromatin following DDR in brain and pancreas. Taken together, all 

these studies demonstrate that SIRT6 plays multiple roles at different layers during DNA 

repair. How such roles are coordinated, and what are the unique determinants that modulate 

specificity, remain yet to be discovered.

Concluding remarks: the metabolism-DNA repair connection

Considering that the repair of DNA needs energy as well as particular metabolic 

intermediates for signaling, cells may have evolved specific mechanistic crosstalks to 

coordinate metabolic activities for efficient DNA repair responses. As we discussed above, 

sirtuins play significant roles both in metabolism and DNA repair, implicating that sirtuins 

may work as a hub to coordinate these two seemingly different cellular processes. One 

interesting perspective is that metabolic intermediates are necessary for a series of 

enzymatic functions in DDR. Indeed, several enzymes in DDR are regulated by sirtuin-

dependent acetylation/deacetylation, such as NBS1 [68] and WRN [70]. Given that acetyl-

CoA is necessary for acetylation of proteins, and NAD+ is a cofactor of both sirtuins and the 

DNA repair factor PARP, one could argue that changes in availability of acetyl-CoA and 

NAD+ could play critical limiting steps for proper DDR. Further, given the role of 

chromatin dynamics in DNA repair, changes in chromatin structure that depends on histone 

acetylation and methylation could directly impinge on efficient DNA repair. Therefore, we 

could infer that availability of acetyl-coA and methyl groups from one-carbon metabolism 

could directly influence genetic stability. Although such scenarios have recently been 

Choi and Mostoslavsky Page 8

Curr Opin Genet Dev. Author manuscript; available in PMC 2015 July 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



elegantly discussed from a theoretical point of view [85,86], such hypotheses remain to be 

experimentally tested. Given the extensive roles (discussed above) in both metabolism and 

DNA repair, sirtuins could be coordinating such efforts. For example, DNA damage-

dependent increase in SIRT4 dampens glutamine metabolism, providing a proliferation 

checkpoint to ensure proper DNA repair, as implicated in Jeong et al. [14]. The recent 

findings defining activation of SIRT6 by FFA [60], suggest that limiting availability of 

acetyl-CoA could determine levels of FFA in cells, in turn modulating SIRT6 activity. 

SIRT6 regulates, at the transcriptional level, genes involved in lipolysis, while at the same 

time influences DNA repair through its deacetylase activity. Finally, acetyl-groups removed 

from histones in the nucleus could be shuffle back into the cellular pools to restore 

metabolic balance [85]. While such crosstalks are debated in a theoretical arena, active 

research in these areas is likely to provide experimental evidence in the near future.
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Figure 1. Sirtuins functions in metabolism and DNA repair
A diagram depicting the different functions for the mammalian sirtuins in cellular 

metabolism (red) and DNA repair (blue). Specific targets and biological roles are 

summarized.
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