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The Chronological Life Span of Saccharomyces
cerevisiae

Paola Fabrizio and Valter D. Longo

Summary

The chronological life span of yeast, which is measured as the survival time of popu-
lations of nondividing cells, has been used successfully for the identification of key path-
ways responsible for the regulation of aging. These pathways have remarkable similarities
with those that regulate the life span in higher eukaryotes, suggesting that longevity
depends on the activity of genes and signaling pathways that share a common evolution-
ary origin. Thus, the unicellular Saccharomyces cerevisiae is a simple model system that
can provide significant insights into the human genetics and molecular biology of aging.
Here, we describe the standard procedures to measure the chronological life span, includ-
ing both the normal and calorie restriction paradigms.

Key Words: Chronological aging; Sch9; insulin/IGF-I; calorie restriction.

1. Introduction

Understanding the aging process and how to block or delay it is one of com-
pelling challenges of modern science. The last decade has seen the identification
of several genes implicated in life span regulation and, most importantly, has
pointed to a partially conserved nutrient/insulin/insulin-like growth factor (IGF)-
I-like pathway, found in organisms ranging from yeast to mammals, as a master
regulator of the aging process. In yeast, the downregulation of two nutrient-sensing
pathways, the Ras/protein kinase A (PKA) and the Sch9 pathways, increases
stress resistance and can extend the chronological life span by up to threefold
(I). Analogous effects are obtained by decreasing the activity of the insulin/IGF-I
pathways in worms, flies, and mice (2). Therefore, Saccharomyces cerevisiae
is a simple eukaryote that can serve as a valuable model system for aging in
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mammals. Its use offers several advantages, above all a relatively short life span
and the availability of straightforward genetics and genomics techniques. The
chronological life span is different from the well studied replicative life span,
which measures the reproductive potential of individual yeast mother cells (3).
Analogously to the life span of higher eukaryotes, the yeast chronological life
span is a measure of the length of time a population of yeast organisms remains
viable under nondividing conditions. To provide a paradigm that reflects the con-
ditions encountered in natural environments, the chronological life span is meas-
ured for cells grown in glucose-containing medium and maintained in this
medium in a postdiauxic (an initial high metabolism phase that follows the
growth phase) and stationary phase (a following low metabolism phase) until
they either lose the ability to divide or die. Although this may be viewed as a
phase that causes death by starvation, it does not appear to be, because in the late
phases of growth, yeast cells store reserve nutrients, which do not seem to
become limiting during the lifetime of the population (P. Fabrizio, unpublished
results). Survival in the postdiauxic and stationary phases is a condition unavoid-
ably encountered by most microorganisms in the wild (4). In fact, the longevity
trajectories of laboratory strains incubated in grape extract are remarkably simi-
lar to those of the same strains incubated in SDC medium, which we use for the
chronological life span (5). Analogously to the postdiauxic cells, stationary
phase cells are characterized by high resistance to cellular stress and the accu-
mulation of reserve carbohydrates (4). As mentioned previously, stationary
phase cells” metabolism is low. An even lower metabolism and very long-lived
phase, the dormant spore phase, is instead entered by only a small percentage of
diploid cells. Thus, depending on the conditions yeast can survive and age in at
least three different phases: (1) the high-metabolism postdiauxic phase, (2) the
low-metabolism stationary phase, (3) the very low-metabolism spore. In yeast,
all three phases are affected by the Ras/PKA, Tor, and Sch9 pathways which
appear to control both common and distinct sets of genes to regulate chronologi-
cal longevity (Ras/PKA/Tor) (ref. 6 and M. Wei, unpublished results). A similar
long-term survival strategy in response to extreme starvation called dauer larva
has evolved in the round worm Caenorhabditis elegans and is controlled in part
by the pathway that regulates longevity (insulin/IGF-I-like) (7). Therefore, it is
possible to hypothesize that life span-regulatory mechanisms have originally
evolved in microorganisms in order to postpone reproduction in response to
starvation.

Experimentally, stationary phase entry is usually induced by growing a yeast
population in rich medium (YPD) until saturation and maintaining the cells in the
same medium without replenishing any of the nutrients. Under these conditions,
yeast grow rapidly on glucose, undergo the diauxic shift when they stop growing
and switch from fermentative to respiratory metabolism, resume cell growth at a
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very low rate, and finally undergo cell cycle arrest and enter the low metabolism
stationary phase (4). Normally, entry into stationary phase occurs 3 to 6 d after
the diauxic shift and yeast populations may survive for up to 3 mo before cell via-
bility starts decreasing (8). Whereas YPD is commonly used for chronological life
span measurements (9), we noticed that this rich medium induces large fluctua-
tions in cell viability, which may depend on the fact that over time fractions of the
arrested yeast population are stimulated to use the nutrients released by the dead
yeast to reenter the cell cycle (V. D. Longo, unpublished results). Therefore, to
monitor chronological life span of yeast we mostly use synthetic complete
medium (SDC), which appears to promote an easily detectable cellular regrowth
only after the majority of the population has died. In several genetic backgrounds
incubation in SDC promotes a shorter but mostly high-metabolism life span (5-6 d)
(postdiauxic phase) after which yeast die rapidly (10) (Fig. 1). Alternatively, we
perform chronological survival experiments in water (severe caloric restriction
[CR]) by switching the cells from SDC to water after the population reaches sat-
uration (Fig. 1). Water incubation mimics extreme starvation conditions, which
are commonly encountered by yeast (i.e., when they are washed out from fruit by
rainwater). Analogously to yeast incubated in YPD, yeast switched to water enter
stationary phase as shown by their reduced metabolism and survive much longer
than when maintained in SDC. This extreme form of CR should serve as a power-
ful model to understand the mechanisms responsible for the well studied effects
of CR on the extension of the life span of all model organisms (2). Importantly,
mutations that extend life span in SDC also show the same effect in water sug-
gesting that the downregulation of only the Ras or Sch9 pathway cause life span
extending changes that only partially overlap with those caused by CR.

2. Materials

1. SDC liquid medium: 0.18% yeast nitrogen base w/o amino acids and ammonium
sulfate (Becton, Dickenson and Company), 0.5% ammonium sulfate, 0.14%
NaH,PO,, 0.173% complete amino acid mix (discussed later). Dissolve all com-
ponents almost completely in water and adjust pH to 6.0 with NaOH. Autoclave
and add dextrose to a final concentration of 2% before use (discussed later).

2. Complete amino acid mix with adenine and uracil (Sigma Aldrich): adenine
80 mg/L, 80 mg/L uracil, 80 mg/L tryptophan, 80 mg/L histidine-HCI, 40 mg/L
arginine-HCI, 80 mg/L methionine, 40 mg/L tyrosine, 1200 mg/L leucine, 60 mg/L
isoleucine, 60 mg/L lysine-HCI, 60 mg/L phenylalanine, 100 mg/L glutamic acid,
100 mg/L aspartic acid, 150 mg/L valine, 200 mg/L threonine, 400 mg/L serine. This
is a modification of the original recipe (11).

3. Yeast extract/peptone solid medium (YPD): 10 g/L bacto-yeast extract (Becton,
Dickenson and Company), 20 g/l Bacto-peptone (Becton, Dickenson and
Company), 20 g/L Bacto-agar (Becton, Dickenson and Company). Dissolve in water.
Autoclave and add dextrose to a final concentration of 2%. Mix well and pour plates.
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Fig. 1. Chronological life span measurement. Few colonies are inoculated from a
fresh plate in 1-3 mL of SDC. The overnight culture is diluted in 10-50 mL of SDC.
After 2-3 d, cell division stops and ethanol accumulates in the medium. At day 3, yeast
are either kept in this ethanol-rich medium or switched to water. Cell survival is meas-
ured every two days by diluting the yeast cultures and plating an appropriate number of
cells onto rich medium (YPD) plates to monitor the colony forming units (CFUs). When
yeast are switched to water, the cultures are washed every 2 d to avoid the cell division
that might be caused by the accumulation of nutrients released from the dead yeast.
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4.
5.

6.

20% (w/v) glucose stock solution.

Autoclaved 18 MQ Milli-Q grade water is used for all media preparations, exper-
iments in water, dilutions for CFUs assay.

100 x 15 mm Petri dishes (VWR).

3. Methods
3.1. Chronological Life Span in SDC/Ethanol (Postdiauxic Phase)

1.

2.

Streak a small portion of the frozen stock onto a YPD plate and incubate at 30°C
for 2-3 d (see Note 1).

Inoculate a few colonies (four to five) into 1-2 mL of SDC medium and grow
overnight. Dilute the overnight culture to an initial density of 1-2 10 cells/mL
(ODg, of 0.1-0.2) in 10-50 mL of SDC. Incubate at 30°C in flasks with a
volume/medium ratio of 5:1, shaking at 220 rpm (see Notes 2-3).

After 3 d, start monitoring survival by measuring the ability of an individual yeast
cell/organism to form a colony (colony forming units [CFUs]) (see Note 4).
Normally, cultures are serially diluted to reach a 1:10* dilution in sterile distilled
water and 10 pL of the same dilution are plated in duplicate onto two halves of a
YPD plate. Particular care must be taken to avoid to spread the diluted culture over
the line that marks the separation between the two halves of a plate. Two dilutions
per culture are used routinely to reduce the fluctuations due to the manual error.
CFUs are counted after 2-3 d (see Note 5). The number of CFUs at day 3 is
considered to be the initial survival (100% survival) and is used to determine the
age-dependent percent survival (see Note 6).

Monitor CFUs every 48 h by adjusting the dilution factor and the volume plated
according to the mortality rate. Continue until survival reaches 1% to record a time
value that approximates the maximum survival time (see Notes 7-8).

3.2. Chronological Life Span Under CRI: Incubation in Water,
A Please Stationary Phase

1.

Proceed as in Subheading 3.1., steps 1-3.

2. Harvest cells by centrifuging at 1400 RCF for 5 min at room temperature in sterile

polypropylene tubes. Resuspend pellet in a volume of sterile distilled water equal
to that of the original culture and centrifuge as previously (see Notes 9 and 10).

3. Wash cells two more times and resuspend them in a volume of sterile distilled
water equal to that used for the original SDC culture.

4. Pour the culture into the original flask used for incubation after rinsing it with
sterile water.

5. Repeat steps 2—4 every 48 h.

6. Monitor CFUs as described above every 48 h.

4. Notes
1. Ideally, viability experiments should be started using yeast that have been recov-

ered from frozen stocks and grown on YPD plates for 2-3 d only. Incubation of
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the master plates at 4°C, especially for an extended period of time (>1 wk), might
affect survival significantly.

We normally start our experiments by inoculating a few colonies instead of a
single one to reduce the effect of stochastic components on survival rates.

The selection of the size of the flasks used for longevity studies performed in SDC
depends on the life expectancy of the strains used. Bigger flasks (250 mL) are rec-
ommended for long-term experiments (>3 wk) to avoid medium evaporation.
Experiments are normally performed at 30°C. Incubation at higher temperatures
(37°C) causes cellular stress and dramatically reduces yeast survival (V.D. Longo,
unpublished results).

To test whether the loss of CFUs is an appropriate system to monitor loss of via-
bility, we measured the concentration of proteins released into the medium by
dead and damaged wild type DBY746 and long-lived mutants and found an
inverse correlation between proteins released and number of CFUs (10).

Older cells tend to reenter the cell cycle more slowly than young ones. At the last
stages of a survival experiment incubate the YPD plates for an additional day at
30°C to avoid the underestimation of viability.

The number of CFUs at day 3 is selected as initial survival (100%) considering
that in our wild-type strains DBY 746 and SP1 the population density does not nor-
mally increase after day 3, suggesting that the great majority of the cells has
stopped dividing.

When working with strains or mutants that are particularly short-lived it is recom-
mended to monitor survival daily starting at day 1.

We have shown that after more than 99% of wild type DBY746 and SP1 yeast
incubated in SDC die, in about 50% of the studies a better-adapted subpopulation
is able to grow back by utilizing the nutrients released by dead cells (5). Under
these circumstances, regrowth is very easily detected since survival can increase
10- to 100-fold. However, the possibility that a small fraction of cells in the cul-
ture restarts dividing before survival reaches 1% cannot be ruled out. If this event
were to occur during the early stages of the experiment when the majority of the
population is still viable, it might be hard to distinguish it from the “normal” sur-
vival fluctuations and it would be likely to interfere with the outcome of the experi-
ment. When we suspect that regrowth might be occurring, we turn to the water
paradigm. In fact, incubation in water and the removal of nutrients released by
dead organisms achieved by three washing steps miminize the chance of growth
during long-term survival.

In some genetic backgrounds (i.e., BY4741) survival rate usually levels off after
reaching approx 5-10%. It is not clear whether this is due to the selection of
extremely long-lived subpopulations or, most likely, to a phenomenon similar to
the gasping observed in Escherichia coli “stationary” cultures, which is character-
ized by the regrowth of a fraction of the population capable of utilizing the nutri-
ents released by dead organisms (12).

For survival experiments performed in water, we recommend starting with day-3
SDC cultures that have reached an OD, close to the average one they normally
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reach (14-15 for DBY746 and SP1). We have noticed that survival in water
performed on yeast populations that had not grown optimally in SDC was signif-
icantly reduced.

10. We have observed that whereas the manipulation of yeast incubated in SDC is rel-
atively simple and chances of contamination very low, with water cultures the risk
of contamination is very high. This depends in part on the washing steps that cause
more manipulation of the cultures but also on the fact that the low pH of the SDC
cultures reached after 3 d (3-3.5) protects them from contaminants, very likely by
inhibiting their growth or killing them (P. Fabrizio, unpublished results). To reduce
the risk of contaminations, we recommend the use of sterilized water contained in
bottles never opened each time the washing procedure is carried over.
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