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1. Intro duc tion

1.1. Sac cha ro my ces ce re vi si ae as a model organ ism to study aging

As a uni cel lu lar eukary ote, S. ce re vi si ae has the advan tage of 

being the sim plest and short est-lived organ ism among the major 

aging model sys tems (chro no log i cal mean life span is 6–15 days 

depend ing on the genetic back ground used; see sec tion below). 

Because of the exten sive genetic and molec u lar biol ogy tech niques 

avail able and wide char ac ter iza tion and often-con served roles of 

its genes, baker’s yeast is an ideal organ ism in which to model 

aging and dis eases [1].

Increas ing evi dence points to sim i lar i ties in age-depen dent 

phe no types includ ing mito chon drial dam age in yeast and mam-

ma lian cells. When lim ited to a non-fer ment able car bon source, 

yeast is forced to obtain energy exclu sively from mito chon drial 

res pi ra tion. The time yeast take to form a vis i ble col ony on a non-

fer ment able car bon source plate increases with age. In addi tion, 

the per cent age of cells that can use non-fer ment able car bon 

sources and there fore res pi ra tion for growth decreases with age 

[2]. Also, inac ti va tion of the mito chon drial acon i tase by super-

ox ide increases with age in yeast [3,4] and in higher organ isms 

[5]. Fur ther more, both nuclear and mito chon drial DNA (mtDNA) 

muta tions increase with aging in mam ma lian divid ing cells [6] 

and post-mitotic cells [7] and preliminary evi dences sug gest 

that mtDNA muta tions also increase in aging yeast (Lon go et al., 

unpub lished results).

Sev eral meth ods are avail able to iden tify and quan tify spe cific 

nuclear and mito chon drial DNA muta tions on a vari ety of exper i-

men tal set tings in higher organ isms [8–11]. Although the mouse is 

a very valu able organ ism to model dis eases and study the effect of 

muta tions on can cer and aging, its life spans is long, and the pro-

ce dures to mea sure DNA muta tions are com plex. There fore, yeast 

rep re sents a pow er ful and sim ple sys tem to com ple ment more 

sophis ti cated mod els in the study of the role of DNA muta tions in 

aging and dis eases.

1.2. Chro no log i cal life span

Our lab o ra tory intro duced a method to mea sure life span in 

yeast based on the sur vival of pop u la tions of non-divid ing yeast 

cells in a mostly high-metab o lism non-divid ing state, i.e., the chro-

no log i cal life span (CLS) [3,12,13]. This method dif fers from the 

rep li ca tive life span, which mea sures the repro duc tive potential 

of indi vid ual yeast mother cells [14], and bet ter resem bles the 

meth ods used to mea sure life span in higher eukary otes. Exper i-

men tally, the organ isms are grown in syn thetic com plete glu cose 

medium (SDC), and kept in the same cul ture until at least 90% of 

the pop u la tion has died. Dur ing the growth phase (approx i mately 

10 h), energy is pro duced mainly by the fer men ta tive catab o lism 

of glu cose. When most of the glu cose is exhausted, the pop u la-

tion switches to a prev a lently respi ra tory metab o lism which uti-

lizes in part the eth a nol pro duced dur ing the growth phase. Yeast 

cells stop divid ing after 24–48 h and sur vive for 5–7 days while 
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 main tain ing high met a bolic rates for the first 3–4 days [15]. The 

aging organ isms are main tained at 30 °C with shak ing, and their 

via bil ity is mon i tored by har vest ing ali quots of cells at reg u lar 

times and plat ing them onto rich-medium plates. The via bil ity is 

scored by count ing the num ber of cells able to form col o nies but 

can also be mea sured by live/dead stain ing (FUN-1) or by mea-

sur ing the pro teins released by cells into the medium [15]. An 

addi tional advan tage of the CLS, is that it mim ics envi ron men tal 

con di tions encoun tered by micro or gan isms in their nat u ral envi-

ron ment, where they sur vive as non-divid ing pop u la tions in the 

pres ence of lim ited exter nal nutri ents [16].

In addi tion, CLS stud ies can be per formed in water by switch ing 

the cells from SDC medium to water after 72 h [13]. These exper i-

men tal con di tions induce a low metab o lism sta tion ary phase and 

rep re sent a form of severe calo ric restric tion (CR) that allows the 

yeast to sur vive much longer than when main tained in SDC. In 

fact, the mean life of wild-type strain DBY746 in water is approx-

i mately 2–3 times longer than in SDC (15–20 days). These con di-

tions also mimic extreme star va tion sit u a tions encoun tered by 

yeast in nature. Both the par a digms (SDC or water) can be used 

for mito chon drial dam age anal y sis. How ever, incu ba tion in water 

is par tic u larly use ful for stud ies of mito chon drial func tion dur-

ing aging, since it extends the mon i tor ing of the index of respi ra-

tory com pe tence (IRC, described in the fol low ing para graphs) for 

 sev eral weeks and allows a bet ter cor re la tion between IRC and  cell 

death [2].

1.3. CLS to model human mito chon drial dis eases

Chro no log i cal life span has been used to study mito chon dria-

related dis eases such as Friedr eich’s ataxia, an hered i tary neu ro de-

gen er a tive dis ease asso ci ated with car dio my op a thy and dia be tes. 

Defi ciency of fra taxin, a mito chon drial pro tein involved in the assem-

bly of the iron–sul fur clus ters and cel lu lar anti-oxidant pro tec tion, 

seems to under lie this dis ease [17]. Isaya and co-work ers employed a 

method sim i lar to the one described in this man u script to study the 

activ ity of the yeast fra taxin [18]. By study ing muta tions that spe cifi -

cally impair fer rox i da tion of yeast fra taxin and reduce chro no log i cal 

life span, they described a primary role for fra taxin in iron detox i-

fi ca tion, a cru cial func tion to take in con sid er ation while design ing 

ther a peu tic strat e gies to treat Friede rich’s ataxia.

Our lab o ra tory com bined the chro no log i cal life span with sev eral 

tech niques to quan tify the age-depen dent mito chon drial dam age 

and the accu mu la tion of mtDNA muta tions. In the fol low ing para-

graphs, we pres ent and dis cuss these meth ods: index of respi ra tory 

com pe tence, eryth ro my cin resis tance assay, acon i tase activ ity assay. 

A broad view of the steps cur rently in use in our group to per form 

these assays can be observed in Fig. 1.
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Fig. 1. Scheme rep re sent ing the use of chro no log i cal life span to mon i tor mito chon drial dam age. Few col o nies are inoc u lated from a fresh plate in 1–3 ml of SDC. The 

over night cul ture is diluted in 10–50 ml of SDC. Cell sur vival is deter mined every 2 days by dilut ing the yeast cul tures and plat ing them onto rich-medium (YPD) plates to 

mea sure the col ony form ing units (CFUs). CFUs are counted after 2–3 days. Alter nately the cells are switched to water and the cul tures are washed every 2 days. (A) IRC. 

The same num ber of cells is har vested from the yeast cul ture, diluted and plated onto YPE, YPG or YPL. CFUs are counted after 2–3 days. The IRC is cal cu lated based on the 

num ber of via ble cells as mea sured by the CFUs assay. (B) Detec tion of mtDNA point muta tions. yeast cells (108) are har vested from the SDC solu tion, washed and plated onto 

YPEG + eryth ro my cin plates. The eryth ro my cin resis tant CFUs are scored after 10 days. Muta tion fre quency is cal cu lated as the num ber of eryth ro my cin resis tant col o nies/

total num ber of col o nies scored on YPD plates. (C) Acon i tase activ ity. Ali quots of cells are har vested from the SDC cell cul ture and sub jected to cel lu lar lysis. The whole pro tein 

extract is used to mea sure spec tro pho to met ri cally the enzyme activ ity.
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