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Deficiency in superoxide dismutases shortens life span of

yeast cells*®
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Deficiencies in superoxide dismutases (Cu,Zn-SOD or Mn-S0D) strongly shorten
the life span of yeast cells. The effects of these deficiencies are additive. In contrast,
deficiencies in catalases do not influence life span. Our results confirm that free radi-

cal processes may be involved in aging.

A wide variety of theories have been pro-
posed to explain the aging process [1-5]. Al-
though no single hypothesis fully explains all
aging phenomena, the genome-based and free
radical theories are supported by significant
observational and experimental evidence. Nu-
merous experimental results indicate that ag-
ing is caused by a progressive accumulation
of defects initiated by free radical processes.
The intensity of free radical processes may be

modulated by changing endogenous genera-
tion of the reactive oxygen species (ROS) or
by modifying the antioxidant capacity of the
cell using mutants deficient in various ele-
ments of the antioxidant systems or transfor-
mants overproducing these enzymes. The re-
sults of studies concerning overexpression of
cytosolic superoxide dismutase (Cu,Zn-SOD)
and catalase genes in Drosophila melanogas-
ter [6] show that the transformation amelio-
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rates the age-related accumulation of molecu-
lar oxidative damage while prolonging the
metabolic life of flies.

The yeast Saccharomyces cerevisiae has al-
ready been used as a model organism to study
the mechanisms of aging [7-10] due to the
limited number of cell divisions of the yeast
cell [11]. This facultative aerobe also offers
the possibility of testing the role of free radi-
cal processes in aging thanks to the availabil-
ity of mutants deficient in various antioxidant
enzymes.

The aim of this work was to test the influ-
ence of deficiencies in selected antioxidant
cellular systems on the life span of yeast cells.

MATERIALS AND METHODS

Replicative life span (the ability of the cell
to form buds) and the generation time of
yeast cells were measured according to [7] but
without placing samples in a refrigerator af-
ter each session, to avoid the stress connected
with cooling and warming cycles.

Media and growth conditions. The stud-
ied strains were grown in the standard liquid
YPGlucose medium containing Difco 1%
Yeast Extract, 1% Difco Bacto-Peptone and
2% glucose overnight on a rotatory shaker
and then transferred on the same medium so-
lidified with 2% Difco Agar. After 12 h of
growth the cells were transferred to fresh
solid medium and placed in an incubation
chamber under the microscope. In each ex-
periment mutant strains were tested simulta-
neously with their wild type counterparts to
minimize the possible influence of variations
in experimental conditions.

Strains. SP4 — MATo leul argd — wild type
[12], AS0 — MATa leul arg4 cttl ctal — defi-
cient in catalases A and T — isogenic to SP4
[13], DSCD1-1C — MATa leul arg4 sodl — de-
ficient in Cu,Zn-SOD, isogenic to SP-4 [14].

DL1 — MATa leu2-3,112 his3-11,15 ura3-
251,372,328 lac2 — wild type, parental strain
of Mn-SOD", kindly supplied by Dr. G.

Schatz, (Biozentrum, Basel, Switzerland)
[15], Mn-SOD~ — as above, sod2 LEU2 — defi-
cient in mitochondrial superoxide dismutase
(Mn-S0D).

In order to study the additivity of the effects
of mutations leading to deficiencies in Cu,Zn-
SOD and Mn-SOD the strains bearing sodl
and sod2 mutations were crossed. The double
mutant DSCD6-6B (MATo wrad sodl sod2)
was isolated. Since the two parental strains
differ in their life spans and have different ge-
netic background none of them could be used
as a control. Thus, the sod! mutation was
spontaneously reverted in DSCD6-6B and the
obtained strain DSCD66BR — MATa ura3
S0D1 sod2 — deficient only in Mn-SOD
served as an isogenic control for the double
mutant.

In order to study whether the simultaneous
deficiency in Cu,Zn-SOD and in catalases af-
fects the life span of yeast cells the strain
A50DSCD 19C3d 9C — MATa leul argd cttl
ctal sodl was isolated from the cross between
Ab50 strain and its isogenic counterpart of the
opposite mating type, bearing sod mutation.
The segregants from the same cross
A50DSCD 1-9C19C1d — MATa leul argd sodl
deficient only in Cu,Zn-SOD or catalases
A50DSCD 195b9C5b — MATa leul argd cttl
ctal served as internal controls.

Statistical methods. To compare mean val-
ues of generation times and life span the Stu-
dent's ttest was used. This was justified by
previous comparison of wvariancies, which
proved their differences to be insignificant.

RESULTS AND DISCUSSION

The first two rows of Table 1 present data
concerning basic aging parameters of the
studied strains expressed as mean and maxi-
mal numbers of buds formed by a virgin cell.
The chronological age of dividing cells was
calculated by multiplying their mean replica-
tive life span by the generation time. The re-
sults show that only deficiencies in superox-
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ide dismutases result in significant shorten-
ing of the replicative life span and the chrono-
logical age of the mutant cells. The mutations
leading to catalase deficiencies do not appear
to strongly influence either parameter. Table
2 shows that the effects of mutations leading
to superoxide dismutase deficiencies have ad-
ditive effects, whereas catalase deficiency
does not increase the negative effects of
Cu,Zn-SOD deficiency.

Our results show that gene products which
play the most crucial role in preventing free
radical damage [14-16] also assure normal
life span of the standard strains. Cytosolic su-
peroxide dismutase is also essential for sta-
tionary phase survival of yeast cells [17].
These results are consistent with the results
concerning consequences of overexpression
of antioxidant enzymes in Drosophila mela-
nogaster [6], except for the role of catalase.
The difficulties in proving the protective roles
of catalases in yeast are not surprising, be-
cause it is very difficult to clearly show nega-
tive consequences of catalase deficiencies in
S. cerevisiae [14), except for hypersensitivity
to millimolar concentrations of hydrogen per-

oxide. Yeast cells are well adapted to high lev-
els of hydrogen peroxide and can tolerate
treatment with high concentrations of this
compound [14]. It is of note that simultane-
ous deficiencies in catalases and in cyto-
chrome ¢ peroxidase do not increase the sen-
sitivity of the cell to oxidative stress, although
the three enzymes together are responsible
for the removal of more than 90% of extracel-
lular hydrogen peroxide [18].

The aging phenomenon cannot be fully ex-
plained by a single hypothesis. It may be not a
solely stochastic process. The complexity of
the problem results from the fact that life
span is determined by numerous genetic
mechanisms. Genetic analysis of the crosses
between various “standard” strains of yeast
which differed in their life spans revealed that
the rate of aging depends on a number of
genes [19]. The nature of the mechanisms af-
fecting the life span of yeast cells is not clear
and it cannot be excluded that some of them
could change the intensity of oxidative me-
tabolism and in this way influence the rate of
formation of reactive oxygen species. Others
could change the capacity of the cell to cope

Table 1. The effects of deficiencies in basic antioxidant enzymes on the aging of veast cells.

Numbers in parentheses show values obtained for mutant strains, expressed as percentage of values obtained for
the corresponding standard strain. This presentation makes possible the comparison of the effects of particular
mutations on the replicative life span and chronological age of cells, irrespective of the life span of the standard
strains, because the strain DL1 which is a standard strain for the mutant deficient in Mn-SOD has unusually short
life span. The vertical line separates groups of directly comparable isogenic strains. In each experiment a mini-

mum of 20 cells of one strain were tested.

Strain

S5P4 A-50 DSCD1-1C DL 1 Mn-S0OD
sy . Catalase Cu,Zn-S0D + Mn-SOD
Characteristics Wild type deficient deficient Wild type deficient
34.3 31.4 12.9 22.4 B.3
Mean replicative life span + 2.89 + 595 + 1.70 + 2.17 + 1.68
(100} (91.5) (37.68) (100) (37.1)
. e . 51 48 27 31 16
Maximal replicative life span (100) 90.2) (53) (100) (48.4)
i i . 89.2 99.8 121.3 115.4 172.4
Generation time (min) + 1.87 + 4.70 + 4.67 + 4.54 + 13.43
z . 1 51.00 522 26.1 43.1 23.9
Mean chronological life span (h) (100) (102.3) (51.2) (100) (55.4)

I T 5 4 § '
Mean replicative life span X generation time,
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Table 2. Additivity of effects of mutations leading to superoxide dismutase deficiencies.

Numbers in parentheses show values obtained for mutant strains expressed as percentage of values obtained for
the corresponding standard strain. The vertical line separates groups of directly comparable isogenic strains.

: A50DSCD  A50DSCD  A50DSCD " '
Strain SP4 ot 1ocsy  19csa |PSCPESBR DSCD6-6B
Cu,Zn-SOD Cu,Zn-SOD
- . CuZnSOD  Catalase Mn-SOD :
Characteristics Wild type  “goficient  deficient 2R cataldse | gogcien;  and Mo-SOD
34.3 167 363 163 | .o oo
Mean replicative life span + 2.89 + 2.73 + 5.67 + 2.54 b 2‘44 + ﬂ.'?d
(100) (48.7) (105.7) (47.5) = -
Maximal replicative life 51 29 46 30 28 12
span (100) (56.9) (90.2) (58.8)

o 89.2 136.6 79.0 135.0 138.0 212.3
Gisration ting: (nidn) + 187 + 6,10 +3.11 + 4.07 +453  +14.28
Mean chronological life 51.0 38.0 47.8 36.7 38.9 13.8

span (h) (100) (74.5) (93.8) (71.9)

*sod ] mutation reverted spontansously in DSCDEEE. [n each experiment a minimum of 20 cells of one strain were

teated.

with oxidative stress. It is of note that long-
lived mutants of yeast were isolated by
screening for stress resistant cells. A recent
finding [20] shows that mild heat shock ex-
tends life span of yeast.

Therefore, some genetic determinants of
longevity could create a link between purely
stochastic and gene based explanations of the
aging process,
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