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Abstract—The ability of sodium arsenite at concentrations of 1072, 1074, and 10 M to induce lipid peroxida-

tion in Saccharomyces cerevisiae cells was studied. Arsenite at the concentrations 102 and 1

M enhanced

lipid peroxidation and inhibited the growth of yeast cells. Enhanced lipid peroxidation likely induced oxidative
damageto various cellular structures, which led to suppression of the metabolic activity of cells. Arsenite at the
concentration 108 M did not activate lipid peroxidation in cells. All of the tested arsenite concentrations inhib-
ited the activity of a-ketoglutarate dehydrogenase and pyruvate dehydrogenase in cells. The inference is made
that the toxicity of arsenite may be related to its stimulating effect on intracellular lipid peroxidation.
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The contamination of the environment with arsenite
isaproblem of great ecological concern[1, 2]. Arsenic
compounds are toxic to many metabolic processes [3].
Abdrashitovaet al. [4] showed that the oxidation of ars-
enite to arsenate by Pseudomonas putida cells is
accompanied by an enhancement of lipid peroxidation
in these cells and the formation of reactive oxygen spe-
cies, whichimpair cellsthrough the oxidative modifica-
tion of susceptible cellular structures [5]. The devel op-
ing oxidative stress may cause cell death [6].

The tricarboxylic acid cycle plays an important part
in the implementation of nonspecific cell resistance to
various stress factors [ 7]. The rate-limiting enzymes of
the tricarboxylic acid cycle (pyruvate dehydrogenase
and a-ketoglutarate dehydrogenase) are very suscepti-
ble to reactive oxygen species [8, 9] and can be inhib-
ited by arsenite [10]. The related changes in the func-
tioning of thetricarboxylic acid cycle may affect almost
all other metabolic pathwaysin cells.

This work was undertaken to verify the supposition
that arsenite induces lipid peroxidation in eukaryotic
cells.

MATERIALS AND METHODS

The effect of arsenite on lipid peroxidation in
eukaryotes was studied using the yeast Saccharomyces
cerevisiae Y-1173, which was kindly provided by
V.M. Vagabov from the Institute of Biochemistry and
Physiology of Microorganisms in Pushchino, Russia.
The yeast was cultivated on a shaker (200 rpm) at 28°C

in 700-ml flasks with 200 ml of synthetic Reader
medium with 2% glucose. The medium was inocul ated
with an overnight yeast culture. Yeast growth was esti-
mated by measuring culture turbidity at 540 nm using
an SF-46 spectrophotometer. Spectrophotometric data
were recast to the weight of dry biomass using a cali-
bration curve.

The effect of arsenite was studied by growing S. cer-
evisiae cellsin the presence of different concentrations
of sodium arsenite (102, 104, and 10-° M). After culti-
vation for 24 h, cells were harvested by centrifugation
and washed with cold distilled water. The washed bio-
mass (1 g) was disintegrated with quartz sand for
10 min in a mortar. The cell homogenate was centri-
fuged at 3000 g for 10 min. The supernatant was
assayed for the activity of superoxide dismutase
[11], catalase [12], pyruvate dehydrogenase [14],
and a-ketoglutarate dehydrogenase [14], and for the
intensity of lipid peroxidation, which was deter-
mined from the accumulation in cells of products
reacting with 2-thiobarbituric acid (the so-called
TBA-reactive products) [13].

Protein was quantified by the Lowry et al. method
[15]. Glucose was assayed with the phenol—sulfuric
acid reagent [16]. The reagents used in this work were
purchased from Sigma (United States).

All experimentswere carried out no fewer than three
times, with no fewer than three replicate measurements
being conducted in each experiment. The data pre-
sented in this paper are mean arithmetic values.
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RESULTS AND DISCUSSION

The addition of 10> M arsenite to the medium con-
siderably inhibited the growth of S cerevisiae (figure,
curve 2). At a concentration of 10~* M, the inhibitory
effect of arsenite was lower (figure, curve 3). At acon-
centration of 10° M, arsenite had a minor effect on
yeast growth (figure, curve 4) as compared with the
control (figure, curve 1). After incubation in the pres-
ence of 1072 and 10 M arsenite for 12-14 h, the yeast
resumed its growth (data not presented), presumably
due to the development of intracellular adaptive pro-
cesses mitigating the toxic effect of arsenite.

Depending on its concentration, arsenite inhibited
the consumption of glucose from the medium (data not
presented) and stimulated the formation of TBA-reac-
tive productsin cells and the activity of superoxide dis-
mutase and catalase (Table 1), whereas it inhibited the
activity of the tricarboxylic acid cycle enzymes pyru-
vate dehydrogenase and a-ketoglutarate dehydroge-
nase (Table 2).

Thus, at the concentration 102 M, arsenite exerted
the maximum effect on yeast cells. At the concentration
10* M, the effect was lower. The effect exerted by
108 M arseniteon S cerevisiae cellswas minimal.

Upon penetrating into yeast cells, arsenite may stim-
ulate lipid peroxidation in two ways. The first way is
associated with the possible enzymatic oxidation of
arsenite to arsenate, which happens in many microor-
ganisms, including bacteria and fungi [2]. The second
way isrelated to the ability of As® to release Fe?* from
itscomplexeswith proteins[17]. Theresultant free Fe?*
ions considerably activate lipid peroxidation in cells,
giving rise to reactive oxygen species, such as the
superoxide radical. The accumulation of superoxide
radicals in yeast cells activates superoxide dismutase,
the enzyme that catalyzes the dismutation of the super-
oxideradical to molecular oxygen and hydrogen perox-
ide, the latter being the substrate of the catalase.

In spite of the high activity of the antioxidant
enzymes, superoxide dismutase and catalase, in yeast
cellsgrown in the presence of 102 and 10+ M arsenite,
such cells contain an elevated amount of TBA-reactive
products. Consequently, the elevated activity of the
antioxidant enzymes cannot prevent the induction of
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The effect of arsenite on the growth of the yeast S. cerevi-
siae. Curves1, 2, 3, and 4 show yeast growth in the presence
of 0, 1072, 10%, and 107° M arsenite, respectively.

lipid peroxidation in yeast cells by arsenite mediated by
reactive oxygen species. The aforementioned resump-
tion of yeast growth after 12—14 h of incubation in the
presence of arsenite may berelated to anincreasein the
activity of superoxide dismutase and catalase. It is
widely recognized that the maximum induction of these
antioxidant enzymes, aswell as glutathi one peroxidase
and glutathione reductase, by areactive oxygen species
is possible only in the stationary growth phase [18],
when the effect of glucose repression is absent. We
believe that the enhanced activity of superoxide dismu-
tase and catalase in the yeast cells grown in the pres-
ence of arsenite is one of the important factors respon-
sible for the implementation of adaptive processes
amed at mitigating the toxic effect of arsenite on
eukaryotic cells.

The detected inhibition of pyruvate dehydrogenase
and a-ketoglutarate dehydrogenase by arsenite may be
associated not only with the direct action of this com-
pound on these enzymes [10], but also with the inhibi-
tory action of the products of lipid peroxidation, which
can nonspecifically inhibit many enzymesthrough their
oxidative modification [8, 9].

Despite inducing some inhibition of pyruvate dehy-
drogenase and a-ketoglutarate dehydrogenase activi-

Table 1. The effect of different concentrations of arsenite on the activity of antioxidant enzymes and the accumulation of

TBA-reactive productsin S. cerevisiae cells

Enzymes and TBA-reactive products in the presence of arsenite (M)
Parameter
0 107 10 10
Superoxide dismutase, U/mg protein 441+23 93.8+3.2 65.5+3.1 473+21
Catalase, U/mg protein 324+12 67.5+23 421+1.3 346+23
TBA-reactive products, nmol/mg protein 189+ 0.9 371+15 274+19 22.1+0.8
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Table 2. The effect of different concentrations of arsenite on the activity of the enzymes of the tricarboxylic acid cyclein S

cerevisiae cells

Specific activity of enzyme in the presence of arsenite (M)

Enzyme
0 107 10 10
o-Ketoglutarate dehydrogenase, 73.56 + 3.89 20.32+1.17 40.79+ 2.82 62.53+2.15
nmol NADH/(min mg protein)
Pyruvate dehydrogenase, 3372+ 234 10.15+0.97 15.56 + 0.82 27.82+1.14
nmol NADH/(min mg protein)
ties by 106 M arsenite, this concentration of arsenite REFERENCES

had only a minor effect on the growth parameters of
S cerevisiae. It can be suggested that the inhibition of
the activity of pyruvate dehydrogenase and a-ketoglut-
arate dehydrogenase, which may lead to a deficiency of
ATPin cells, was compensated for by an enhancement
of other activities of the tricarboxylic acid cycle or by
the appearance of the respective bypass metabolic
routes. The understanding of the mechanisms of cell
resistance to arsenite was considerably improved by the
discovery of a family of ACR genes [19]. The ACR3
gene encodes an AT P-dependent proteininvolved in the
transport of arsenite through the plasma membrane
[20]. The mutation of thisgenein S. cerevisiae consid-
erably augments the sensitivity of the yeast to arsenite,
whereas the transformation of yeast cells with a plas-
mid bringing about enhanced expression of the ACR3
gene imparts them with a high arsenite resistance. The
ACR2 gene codes for glutathione- and glutaredoxin-
dependent arsenate reductase, the enzyme that reduces
arsenate to arsenite. The mutants lacking ACR2 remain
resistant to arsenite but become sensitive to arsenate.
The ACR1 gene codes for the transcriptional factor that
regulates the expression of the ACR2 and ACR3 genes.
Thisfactor is very similar to the transcriptional factor
YAP-1, which is the major regulator of the expression
of antioxidant genesin S. cerevisiae cells[20].

Thus, arsenite likely induces lipid peroxidation in
yeast cells. The resultant oxidative damage to various
cellular structures may be responsible for the inhibition
of many metabolic processes in yeast cells. The arsen-
ite-enhanced activity of antioxidant enzymes in cells
plays an important part in the development of their resis-
tance to this toxic compound. It is the induction of lipid
peroxidation by arsenite that may be responsible for the
toxic effect of this compound or eukaryotic cells.
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