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Growth Phase-dependent Roles of Sir2 in Oxidative Stress Resistance 
and Chronological Lifespan in Yeast

Silent Information Regulator 2 (Sir2), a conserved NAD+- 
dependent histone deacetylase, has been implicated as one 
of the key factors in regulating stress response and longe-
vity. Here, we report that the role of Sir2 in oxidative stress 
resistance and chronological lifespan is dependent on growth 
phase in yeast. In exponential phase, sir2Δ cells were more 
resistant to H2O2 stress and had a longer chronological life-
span than wild type. By contrast, in post-diauxic phase, sir2Δ 
cells were less resistant to H2O2 stress and had a shorter chro-
nological lifespan than wild type cells. Similarly, the expre-
ssion of antioxidant genes, which are essential to cope with 
oxidative stress, was regulated by Sir2 in a growth phase- 
dependent manner. Collectively, our findings highlight the 
importance of the metabolic state of the cell in determining 
whether Sir2 can protect against or accelerate cellular aging 
of yeast.
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Introduction

Now more than ever, aging studies are becoming impor-
tant in biomedical research (Longo et al., 2012). Aging can be 
defined as a progressive decline in the ability of a cell or an 
organism to resist stress, damage, or disease. Genomic in-
stability, telomere attrition, epigenetic alteration, loss of pro-
teostasis, deregulated nutrient sensing, mitochondrial dys-
function, cellular senescence, stem cell exhaustion, and al-
tered intercellular communication have all been proposed 
as hallmarks of aging (Lopez-Otin et al., 2013). However, 
due to the complexities of aging, extensive studies during the 
last few decades have only offered a glimpse of the molecular 
mechanisms of aging.
  The budding yeast Saccharomyces cerevisiae has contributed 

to the identification of genes and genetic and biochemical 
pathways that regulate lifespan in organisms ranging yeast 
to mammals. Yeast has two aging models: replicative life-
span (RLS) and chronological lifespan (CLS). RLS is a model 
of mitotic cell, whereas CLS is a model of post-mitotic cell 
(Longo et al., 2012). RLS is determined by measuring the 
number of times a mother cell divides and produces a dau-
ghter cell before dying (Mortimer and Johnston, 1959). CLS 
is the length of time that yeast cells survive in a post-mitotic 
state (Werner-Washburne et al., 1993).
  Silent Information Regulator 2 (SIR2) is one of the best 
characterized yeast aging genes. It is a class III NAD+-depen-
dent histone deacetylase and is essential for transcriptional 
silencing near telomeres, mating type loci, and rDNA locus 
(Ivy et al., 1986; Rine and Herskowitz, 1987; Gottschling et 
al., 1990). Sir2 extends RLS by suppressing homologous re-
combination in the ribosomal DNA (rDNA) thereby pre-
venting the formation of extrachromosomal rDNA circles 
(ERCs) (Kaeberlein et al., 1999). These circular DNA mole-
cules are self-replicating and asymmetrically segregate to 
the mother cell during cell division (Sinclair and Guarente, 
1997). While Sir2 is thought to be an anti-aging factor in RLS, 
many studies suggest that Sir2 accelerates ageing in CLS 
(Wierman and Smith, 2013). In the absence of Sir2, CLS is 
dramatically increased by induction of uptake and catabo-
lism of ethanol and by up-regulating many stress resistance 
genes, including oxidative stress resistance genes (Fabrizio et 
al., 2005). Nonetheless, the complex roles of Sir2 in aging 
are far from being completely understood.
  In this study, we show that the roles of SIR2 in oxidative 
stress resistance and chronological lifespan vary depending 
on the growth phase. We also demonstrate that Sir2 affects 
the transcription of antioxidant genes in a growth phase- 
dependent manner in yeast.

Materials and Methods

Yeast strains and media
The S. cerevisiae DBY746 strain (MATa, leu2-3, 112, his3D, 
trp1-289, ura3-52, GAL+) was used as a wild type strain. The 
disruption of SIR2 was performed by replacing the open 
reading frame with URA3 through homologous recombi-
nation. To confirm the effects of SIR2 deletion on stress re-
sistance, the fragment including the SIR2 promoter (-1000 to 
-1), the entire SIR2 gene, the ADH1 terminator, and URA3 
was integrated at the endogenous SIR2 promoter locus of a 
sir2Δ mutant strain by homologous recombination.
  Yeast cells were routinely grown in YPD (1% yeast extract, 
2% peptone, and 2% glucose) at 30°C. Synthetic complete 
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medium lacking uracil was used for selection of URA+ strains. 
When required, 1 mg/ml 5 -fluoroorotic acid (Fermentas, 
Germany) was added to solid media for selection of ura– 
strains.

Stress resistance test
Yeast cells grown to exponential (6 h), post-diauxic growth 
phase (24 h), or stationary phase (48 h) in YPD were used 
for stress resistance assay. For oxidative stress resistance 
assays, cells were washed with sterile distilled water, diluted 
to an OD600 of 1 in potassium phosphate buffer (pH 6.0), 
and treated with 25–600 mM of hydrogen peroxide (H2O2) 
for 30 min at 30°C. The control or treated cells were serially 
diluted, spotted onto YPD plates, and incubated at 30°C 
for 2–3 days. For osmotic stress resistance assay, cells were 
washed twice with sterile distilled water, serially diluted, 
and spotted onto YPD or YPD containing 2 M sorbitol 
plates. Cells were incubated for 3 days at 30°C, and the 
plates were photographed.

Chronological lifespan measurement
To test chronological lifespan of cells growing in the ex-
ponential or post-diauxic growth phase, yeast cells grown 
in YPD for 6 h or 24 h were harvested, washed with sterile 
distilled water, diluted to an OD600 of 1 in the expired me-
dium, which was obtained by culturing the wild type strain 
for 5 days in YPD, or sterile distilled water (pH 6.0), and 
then incubated at 30°C with vigorous shaking (220 rpm). 
Survival rates were monitored by measuring colony-form-
ing units (CFUs) every 2 or 3 days. The number of CFUs at 
day 3 was considered as an initial survival (100%).

Intracellular ROS measurement
The oxidant-sensitive probe 2 ,7 -dichlorofluorescin diac-
etate (H2DCFDA, Sigma, USA) was used to measure the 
intracellular ROS level in yeast. Briefly, cells were diluted to 
an OD600 of 1 in potassium phosphate buffer (pH 6.0) and 
exposed to 20 μM H2DCFDA for 30 min at 30°C in the 
dark. H2DCFDA stained cells were then treated with 25–600 
mM of H2O2 for 30 min at 30°C. The cells were harvested, 
washed twice with sterile distilled water, and analyzed by 
flow cytometry (Becton Dickinson, USA). Mean DCF fluo-
rescence intensity was obtained from 20,000 cells.

RNA isolation, cDNA synthesis, and real-time quantitative 
PCR analysis
Total RNA was purified using the RNeasy Mini kit (Qiagen, 
USA) and 0.5 μg of total RNA was reverse-transcribed using 
the First Strand cDNA synthesis kit (Invitrogen, USA) ac-
cording to the manufacturer’s recommendations. Real-time 
quantitative PCR (qPCR) was performed with SYBR Green 
PCR mix (Bio-Rad, USA) in the CFX connect system (Bio- 
Rad). Sequences of the oligonucleotides are as follows: SOD1, 
5 -ATGGTTGTGTCTCTGCTGG-3 and 5 -TGGCCACAC 
CATTTTCGTCC-3 ; SOD2, 5 -GACCAACACAAAGCTA 
GCAG-3 and 5 -GACGGTATCCTGGTTGTAGG-3 ; CTT1, 
5 -ACGTTGTTTGCCACGCTTGT-3 and 5 -GAACTCCC 
AAGCATTCTG-3 ; CTA1, 5 -CCAACAGGACAGACCCA 

TTCA-3 and 5 -GCTTGCACGAAATCTACATC-3 ; TRX1, 
5 -CCCACAAGCTGATTTCTAT-3 and 5 -GAAGCAAAG 
TTGGCATAGCG-3 ; TRX2, 5 -TTCTGACGCTGCTTTT 
TACAAG-3 and 5 -GAAGATTAGGGTAGGCATGG-3 ; 
GSH1, 5 -GTTACGCCAATCCTATGCC-3 and 5 -CTCT 
CGTGTTTGGAAGAATGC-3 ; GSH2, 5 -GTTTCGCAAT 
AGGCCC-3 and 5 -CCTCATCTGTCAACAATTGCTG- 
3 ; GRX1, 5 -CCATGCAGCCCTAAACACG-3 and 5 -AT 
CTCATATAACGCAGCC-3 ; GRX2, 5 -CCAGGAAACAGT 
TGCTCA-3 and 5 -CTTGGAAGAGGGTAGACA-3 ; ACT1, 
5 -AGCCTTCTACGTTTCCATCCA-3 and 5 -TAACACCA 
TCACCGGAATCCA-3 . Gene expression levels were nor-
malized with ACT1 and all experiments were performed at 
least three times independently.

Metabolite measurement and total catalase activity assay
To measure the glucose and ethanol concentration in the 
culture medium during growth, at designated time-points, 
aliquots of the culture supernatant were collected by cen-
trifugation and then filtrated with 0.2 μm membrane filter. 
The glucose and ethanol concentrations in the supernatant 
were measured using the YSI 2700 biochemistry analyzer 
(YSI Life Sciences, USA) with enzyme-bound membranes 
specific for each metabolite.
  Total catalase activity was analyzed as described previously 
(Beers and Sizer, 1952). Briefly, cells were washed, resus-
pended in cold PBS (pH 7.2), and disrupted using glass 
beads. Supernatants were collected by centrifugation and 
then mixed with 30 mM H2O2 in PBS (pH 7.2). The rate of 
H2O2 disappearance was monitored at 240 nm. One unit of 
catalase activity was defined as the amount of protein re-
quired to degrade 1 μmole of H2O2 in 1 min at 25°C. Protein 
concentration was determined using the Bradford reagent 
(iNtRON Biotechnology, Korea). Reported values are aver-
ages from at least three independent experiments.

Western blotting
Total yeast cell extracts were prepared using the TCA method 
(Keogh et al., 2006). Proteins were separated by 10% SDS- 
PAGE gels and transferred to polyvinylidene difluoride 
(PVDF) membranes (Millipore, USA). Membranes were 
probed with anti-Sir2 antibody (1:200, Santa Cruz, USA) or 
anti-GAPDH antibody (1:10,000, Acris, Germany), and de-
tected using an enhanced chemiluminescence reagent (Elpis 
Biotech, Korea). Band density traces and quantification were 
performed using ImageJ software (National Institutes of 
Health, USA).

Results

The role of Sir2 in oxidative stress resistance differs with 
growth phase
Although accumulation of oxidative damage is a well-known 
aging factor (Pan, 2011), the role of Sir2 in oxidative stress 
resistance is unclear (Fabrizio et al., 2005; Erjavec and 
Nystrom, 2007; Merksamer et al., 2013). Since yeast cells 
may experience different degrees of intracellular oxidative 
stress during growth, we hypothesized that there might be 
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   (A)                                                                        (B)

   (C)

   (D)                                                                        (E)

Fig. 1. Effects of SIR2 deletion on H2O2 re-
sistance differ with growth phase. (A) 
Growth and metabolic profile of DBY746 
wild type cells grown in YPD were meas-
ured at different time-points. Cells were 
collected for further analysis in exponential
(6 h), post-diauxic (24 h), and stationary 
phases (48 h), as indicated by the arrows. 
(B) H2O2 resistance of wild type, sir2Δ and 
sir2Δ mutant cells carrying the SIR2 gene 
were tested duirng different growth phases.
Cells were treated with or without the in-
dicated amount of H2O2 for 30 min, spotted
onto YPD plates, and incubated at 30°C 
for 2–3 days. (C) Sir2 protein levels of wild 
type, sir2Δ and sir2Δ mutant cells carrying 
the SIR2 gene were measured by Western 
blot. GAPDH was used as a loading control. 
(D) Sir2 protein level of wild type cells gro-
wing in different growth phases was meas-
ured by Western blot (upper). GAPDH was
used as a loading control. Relative expre-
ssion levels of Sir2 are the average of three 
independent experiments (lower). (E) Osmo-
tic stress resistance of wild type and sir2Δ 
cells was tested during different growth 
phases. Cells were spotted onto YPD plates 
with or without 2 M sorbitol and incubated
at 30°C for 3 days.

a growth phase when the role of Sir2 in oxidative stress re-
sistance is maximized. Under these conditions Sir2’s role 
could be more easily determined. We therefore measured 
the H2O2 resistance of wild type and sir2Δ cells growing in 
exponential (6 h), post-diauxic (24 h), and stationary phase 
(48 h). Surprisingly, we found that the role of Sir2 in oxida-
tive stress resistance differs with the growth phase of yeast 
cells (Figs. 1A and 1B). During exponential phase, sir2Δ cells 
were more resistant to H2O2 than wild type cells (Fig. 1B), 
which is consistent with the previously reported role of 
Sir2 in stress resistance (Fabrizio et al., 2005). During the 
post-diauxic and stationary phases, when cells generally be-
come highly resistant to oxidative stress, the wild type cells 
were more resistant to H2O2 than the sir2Δ cells (Fig. 1B). 
We confirmed that the expression of SIR2 in the sir2Δ cells 
restored the H2O2 sensitive level of the sir2Δ cells up to that 
of wild type in all growth phases (Figs. 1B and 1C). In addi-
tion, we made an interesting observation that the Sir2 pro-
tein level dramatically decreased after the diauxic shift (Fig. 
1D). However, the reduction in the Sir2 level cannot ac-
count for the growth phase-dependent role of Sir2 in oxi-
dative stress resistance because the sensitivity to H2O2 stress 
was neither directly nor inversely proportional to the amount 
of Sir2. Collectively, these findings suggest that the roles of 
SIR2 in oxidative stress resistance differ depending on the 
growth phase.
  We next examined whether deletion of SIR2 affects hyper-
osmotic stress resistance in a similar manner to H2O2 re-

sistance because high osmolarity stress is similarly related 
to lifespan in yeast (Kaeberlein et al., 2002; Murakami et al., 
2008). Wild type and sir2Δ cells in exponential or post-dia-
uxic growth phase were spotted onto medium containing a 
high concentration of sorbitol. As shown in Fig. 1E, although 
cells in post-diauxic phase were more resistant to osmotic 
stress than cells in exponential phase, SIR2 was not associated 
with osmotic stress resistance of the cells, irrespective of 
growth phase.

Role of Sir2 in chronological lifespan is also dependent on 
the growth phase
Since H2O2 stress resistance is related to the lifespan of yeast 
cells (Molin et al., 2011), we wondered whether the effect 
of Sir2 on chronological lifespan also varies with growth 
phase, especially before and after the diauxic shift. To test 
this hypothesis, we monitored the survival of wild type and 
sir2Δ cells in exponential or post-diauxic phase in either 
expired culture medium or distilled water. We noticed that 
deletion of SIR2 slightly but clearly increased the chrono-
logical lifespan of exponentially growing cells in both the 
expired medium and distilled water (Figs. 2A and 2C). By 
contrast, the chronological lifespan of the cells in post-dia-
uxic phase was decreased significantly in the sir2Δ cells in 
both the expired medium and distilled water (Figs. 2B and 
2D). These results demonstrate that the role of Sir2 in chro-
nological lifespan, like in H2O2 stress resistance, can be posi-
tive or negative depending on the growth phase.
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   (A)                                                                       (B)

   (C)                                                                      (D)

Fig. 2. Effects of SIR2 deletion on chrono-
logical aging are opposite in exponential 
and post-diauxic phase cells. Wild type and
sir2Δ cells grown in exponential growth 
phase (A and C) or post-diauxic growth 
phase (B and D) were incubated in expired 
medium (A and B) or water (C and D). 
Survival rates were monitored by measur-
ing CFUs every 2 or 3 days. The values are 
the average of at least five independent ex-
periments (± SD), and p values were calcu-
lated using t-test (*p < 0.005, #p < 0.0001, 
versus wild type at an indicated time point).

Growth phase-dependent role of Sir2 is not related with 
metabolism, but ROS response
The similar effects of SIR2 deletion on H2O2 resistance 
(Fig. 1) and chronological lifespan (Fig. 2) suggest that the 
growth phase-dependent role of Sir2 for chronological life-
span results from growth phase-dependent changes in oxi-
dative stress resistance. To test this hypothesis, we examined 
whether chronological aging factors, such as ethanol accu-
mulation, acidification of culture medium (Fabrizio et al., 
2005; Burtner et al., 2009; Murakami et al., 2012), and re-
duced glucose uptake (Bishop and Guarente, 2007; Smith et 
al., 2007), are involved in the growth phase-dependent effect 
of Sir2 on chronological lifespan. We monitored changes 
in ethanol accumulation, medium pH, and residual glucose 
concentration in the culture media in wild type and sir2Δ 
cells. During exponential growth, there was no difference 
in growth or ethanol and residual glucose concentrations 
between the wild type and sir2Δ cells (Fig. 3A). After the 
diauxic shift, accumulated ethanol concentrations were only 
marginally lower in the culture medium of wild type than in 
the medium of sir2Δ cells (Fig. 3A), suggesting that ethanol 
may not be an aging factor responsible for the growth phase- 
dependent effect of Sir2 on chronological lifespan. Similarly, 
no difference in medium acidification was seen between wild 
type and sir2Δ; pH gradually decreased from 6.0 to around 
4.3 during growth of both strains (Fig. 3B). Thus, extracel-
lular acidification does not appear to be linked to the role 
of Sir2 in the chronological lifespan of yeast under our ex-
perimental condition.
  To further elucidate Sir2’s role in the oxidative stress re-
sponse, we compared the intracellular reactive oxygen spe-
cies (ROS) levels in wild type and sir2Δ cells in different 

growth phases. Intracellular ROS levels were measured using 
H2DCFDA, which is oxidized to the fluorophore DCF (2 ,7 - 
dichlorofluorescein) within the cell. Levels of DCF can then 
be analyzed by flow cytometry. Under normal growth con-
dition, deletion of SIR2 did not affect ROS levels, regardless 
of the growth phase (Fig. 3C). However, upon H2O2 treat-
ment, sir2Δ mutant cells showed lower ROS levels than the 
wild type cells during exponential growth, but higher intra-
cellular ROS levels in post-diauxic and stationary phase 
(Fig. 3D). This result suggests that Sir2 decreases expression 
of genes for intracellular ROS removal during exponential 
phase but increases expression of genes that protect cells 
from intracellular ROS in the post-diauxic and stationary 
phases.

Growth phase-dependent regulation of antioxidant genes 
by Sir2
All aerobic organisms have evolved defense systems against 
ROS, which include the transcriptional activation of genes 
encoding antioxidant proteins such as catalase, superoxide 
dismutase, thioredoxin, and glutathione-related enzymes 
(Morano et al., 2012). We investigated whether the expre-
ssion of antioxidant genes was altered in the sir2Δ cells and 
whether these changes were also growth phase-dependent.
  In exponentially growing cells, the transcript levels of all 
queried genes, except CTT1 encoding cytosolic catalase T, 
were similar in wild type and sir2Δ cells (Fig. 4A). However, 
after treatment with a sublethal dose of H2O2 (0.5 mM), the 
mRNA levels of most of these antioxidant genes were sig-
nificantly higher in the sir2Δ cells than in wild type cells 
(Fig. 4B). By contrast, in cells growing in post-diauxic or 
stationary phase, when ROS are endogenously generated as 
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   (A)

   (B)                                              (C)                                           (D)

Fig. 3. Growth phase-dependent role of Sir2 
is not related with metabolism, but ROS 
response. (A) Time-course profile of cell 
growth, glucose consumption, and ethanol 
metabolism of wild type and sir2Δ cells 
grown in YPD. (B) pH changes in the cul-
ture medium of wild type and sir2Δ cells 
were monitored over time. Reported values
are the average of at least three independent 
experiments (± SD). (C) Endogenous ROS 
levels of wild type and sir2Δ cells in expo-
nential (6 h), post-diauxic (24 h), or statio-
nary phase (48 h) were analyzed using the 
molecular probe H2DCFDA. Reported val-
ues are the average of at least three indepen-
dent experiments (± SD). (D) Intracellular 
ROS levels of H2O2-treated wild type and 
sir2Δ cells were analyzed using the mole-
cular probe H2DCFDA. Cells sampled in 
exponential (6 h), post-diauxic (24 h), or 
stationary phase (48 h) were treated with 
25 mM, 150 mM, or 600 mM of H2O2 for 
30 min, respectively. Reported values are 
the average of at least three independent 
experiments (± SD), and p values were cal-
culated using t-test (*p < 0.05, #p < 0.005, 
versus wild type at an indicated time point).

normal metabolic by-products due to high respiration ac-
tivity, deletion of SIR2 decreased the transcription of most 
antioxidant genes (Figs. 4C and 4D).
  To address whether the changed transcript level is reflected 
in the protein level and enzyme activity, we measured the 
activity of catalase. We observed that during exponential 
phase, catalase activity was higher in sir2Δ than in wild type 
cells, but during post-diauxic and stationary phase the wild 
type cells showed higher catalase activity (Fig. 4E). Taken 
together, our results suggest that the expression of antioxi-
dant genes in yeast is regulated by Sir2 in a growth phase- 
dependent manner, which is mirrored in oxidative stress 
resistance and chronological lifespan.

Discussion

It is generally accepted that Sir2 and ROS are important 
factors that affect yeast longevity (Merksamer et al., 2013). 
ROS accumulate in both replicatively and chronologically 
aged cells (Reverter-Branchat et al., 2004), and deletion of 
the antioxidant SOD1 and SOD2 genes significantly de-
creases both RLS and CLS (Longo et al., 1996; Laun et al., 
2001). However, in contrast to the many studies that sup-
port a critical role of sirtuins in regulating ROS levels in 
mammals (Merksamer et al., 2013), only a few studies have 
demonstrated that Sir2 is involved in the regulation of oxi-
dative stress response. Despite reports that Sir2 prevented 
ROS accumulation and cell death caused by Hog1 activa-
tion (Vendrell et al., 2011) and reports that it was required 

for the asymmetric segregation of oxidatively damaged pro-
teins from daughter cells to mother cells during cell divi-
sion in yeast (Aguilaniu et al., 2003; Erjavec and Nystrom, 
2007; Liu et al., 2010), it remained unclear whether Sir2 in-
creases lifespan by increasing oxidative stress resistance. 
Here, we report that Sir2 regulates oxidative stress resist-
ance and CLS in a growth phase-dependent manner. We 
find that deletion of SIR2 decreased H2O2 resistance and 
CLS of yeast cells in exponential phase, but increased H2O2 
resistance and CLS of the cells growing in post-diauxic and 
stationary phases (Figs. 1 and 2).
  The relevance of several cell-intrinsic and cell-extrinsic fac-
tors was reported to be associated with CLS of yeast (Longo 
and Fabrizio, 2012). In particular, ethanol catabolism seems 
to be associated with CLS in that deletion of SIR2 enhanced 
the ability to deplete ethanol in the culture medium and 
contributed to CLS extension (Fabrizio et al., 2005). We, 
however, observed no significant difference in ethanol pro-
duction and consumption rates between wild type and sir2Δ 
cells under the tested culture condition (Fig. 3A). Moreover, 
because the expired medium and water used as the chrono-
logical aging medium contained no ethanol, it is unlikely 
that ethanol catabolism is involved in CLS regulation by Sir2 
under our experimental conditions. Furthermore, since glu-
cose uptake rate, extracellular acidification, and hyperos-
motic stress resistance were not altered in the sir2Δ strain 
(Figs. 1E, 3A, and 3B), we excluded cell-extrinsic factors as 
the possible causes for the observed difference in CLS be-
tween wild type and sir2Δ cells.
  The most important finding of our study is that Sir2 regu-
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   (A)                                                         (B)

   (C)                                                       (D)                                                       (E)

Fig. 4. Deletion of SIR2 affects the expre-
ssion of antioxidant genes in a growth phase- 
dependent manner. (A-B) Exponentially 
growing wild type and sir2Δ mutant cells 
were untreated (A) or treated with 0.5 mM 
H2O2 for 30 min (B), and mRNA levels of 
antioxidant genes were analyzed by qRT- 
PCR. ACT1 was used as a control. Reported
values are the average of at least three in-
dependent experiments (± SD), and p values
were calculated using t-test (*p < 0.05, #p < 
0.005, versus wild type). (C-D) mRNA levels
of the antioxidant genes of wild type and 
sir2Δ cells growing in post-diauxic phase 
(C) or stationary phase (D) were analyzed 
by qRT-PCR and normalized to ACT1. 
Reported values are the average of at least 
three independent experiments (± SD), and
p values were calculated using t-test (*p < 
0.05, #p < 0.005, versus wild type). (E) Total
catalase activity of wild type and sir2Δ cells 
growing in exponential (6 h), post-diauxic 
(24 h), or stationary phase (48 h). The re-
ported values are the average of at least three
independent experiments (± S.D.), and p
values were calculated using t-test (#p < 0.05,
versus wild type at an indicated time point).

lates oxidative stress resistance and CLS of yeast cells in a 
growth phase-dependent manner, which strongly suggests 
that diauxic shift-induced physiological changes may be a key 
determinant of Sir2’s effects on the oxidative stress response 
and CLS. As glucose becomes depleted, cells pass through 
the diauxic shift and reprogram their metabolism from fer-
mentation to respiration, which is mainly regulated by pro-
tein kinase A (PKA) and TOR signaling pathway (DeRisi et 
al., 1997; Gray et al., 2004; Galdieri et al., 2010). Interestingly, 
like the diauxic shift, reducing glucose concentration in the 
culture medium or inhibition of PKA or TOR signaling has 
been proposed to increase Sir2 activity (Lin et al., 2004; 
Medvedik et al., 2007). Thus, we speculate that the reduced 
PKA and/or TOR signaling activity as well as an increased 
NAD+/NADH ratio and/or mitochondrial ROS signaling 
might elicit the protective role of Sir2 after the diauxic shift. 
However, it remains unresolved why and how Sir2 in ex-
ponentially growing cells represses the expression of anti-
oxidant genes, which is essential to protect cells from oxida-
tive stress. Further studies focusing on the metabolic state 
of cells and the physiological function of Sir2 are required to 
better understand the controversial effects of Sir2 on oxi-
dative stress resistance and CLS.
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