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Abstract. The main aim of this study was to examine the impact of some zinc and iron compounds as oxidative stress factors
on catalase activity, which is known to be important defense system of microorganisms to metal stress. For the investigation was
used  baker's  yeast  strain  - Saccharomyces cerevisiae CNMN-Y-11 previously selected as a source of protein and catalase. The
obtained results have revealed  that compounds of iron and zinc with citrate and acetate contributes to the accumulation of yeast
biomass and have beneficial effect on the catalase activity at selected yeast strain. The maximum increase of catalase activity in
yeast biomass was established in case of iron and zinc citrate supplementation to the nutritive medium in optimal concentration of
15.0 mg/l. Results of the present study could be used for the elaboration of new procedures of catalase obtaining by directed
synthesis with the utilization of selected metal compounds.
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INTRODUCTION

In the last decades, oxidative stress became a
widespread phenomenon involved in the pathology of
different diseases and disorders [2, 4, 19]. Oxidative
stress can be defined as the physiological changes
resulting from the formation of excess quantities of
ROS  (reactive  oxygen  species).  It  is  well  known  that
the excess production of ROS can be scavenged by
both enzymatic and non enzymatic mechanisms [10].
The study of alternative sources of bioactive substances
which possess antioxidant properties is one of the
perspective directions of modern biotechnology
worldwide. Along with other microorganisms yeasts
serve as biotechnological objects for numerous
investigations.

The production of Saccharomyces yeasts biomass
rich in valuable biologically active substances is
advantageous due to nontoxic nature and high
productivity. Other important aspect is the utilization
of culture mediums based on low cost substrates with
high yield. Saccharomyces cerevisiae is an excellent
model system for the molecular study of oxidative
stress [21]. In addition, Saccharomyces yeasts strains
also can be considered a source of antioxidants, as well
as antioxidant enzymes, such as catalase, superoxide
dismutase, glutathione peroxidase [14]. An important
role in cell protection from the negative effect of
oxidative stress has antioxidant enzyme catalase
(CAT). Catalase is a heme-containing enzyme that
catalyzes the dismutation of highly reactive hydrogen
peroxide  to  water  and oxygen [24].  Catalase  is  one  of
the most efficient antioxidant enzymes known. This
enzyme contributes to the prevention of damaging
modifications at cellular level, how it would be DNA
breakage that leads to different forms of cancer or other
chronic degenerative diseases. Catalase, as well as
superoxide dismutase, has been reported to be
efficacious for vitiligo treatment [15]. Recently, a study
on the levels of catalase and superoxide dismutase in
skin of vitiligo patients confirmed that these
antioxidant enzymes may play an adjuvant role in the
management of vitiligo in addition to specific therapies

[23]. Even though, recent studies have suggested
antiallergical and antiinflamatory properties of catalase
[20].

According to the literature data, metals and metal
compounds can serve as stimulators of synthesis of
biologically active substances. Metals play important
roles in a wide variety of biological processes of living
systems. Previously, it was established that some
compounds of Zn(II) can be used as regulators of wine
yeast strains productivity and carbohydrates
accumulation [25]. Thus, manganese and zinc were
found to be effective stimulators of superoxide
dismutase activity at cyanobacterium Spirulina
platensis [6]. Researchers have demonstrated the
possibility of utilization of some compounds of iron
and cobalt as regulators of hydrolase biosynthesis at
mycelial fungi [5].

Zinc has an important role in metabolism of
Saccharomyces yeasts because it is incorporated in the
structure of proteins involved in the defence
antioxidant systems against oxidative stress. Zn is an
essential micronutrient involved in wide variety of
biochemical processes [16]. One iron characteristics is
its potential to undergo redox processes. Iron is known
to have structural and regulatory role in many enzymes
and other proteins directly. Iron is the prevailing redox
metal in biological systems and it is found in a variety
of key catalytic sites of many enzymes [26]. The aim of
this investigation presents a study of possibility of
utilization of some compounds of Fe(III) and Zn(II)
compounds as regulators of catalase activity at
Saccharomyces cerevisiae yeasts.

MATERIALS AND METHODS

Strains. For the investigation was used baker's
yeast  strain  - Saccharomyces cerevisiae CNMN-Y-11
from National Collection of Nonpathogenic
Microorganims of Institute of Microbiology and
Biotechnology of Academy of Sciences of Moldova.

Medium. Cultivation of yeasts was effectuated on
the nutritive medium YPD with the following
composition (g/L): glucose - 20.0, peptone - 20.0, yeast
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extract - 10.0 [3]. YPD medium is widely used for
Saccharomyces yeast studies and it is optimal for
investigation of antioxidant enzymes.

Culture conditions. Cultivation was carried out in
Erlenmayer  flasks  capacity  1L,  containing  0.2  L  of
nutritive medium at 180-200 rpm agitation rate, at
temperature of 25…27ºC for 120 hours.

The following metal compounds were selected as
regulators of catalase activity: iron citrate
(FeC6H5O7·2H2O), iron acetate (Fe(C2H3O2)3), zinc
citrate (Zn3(C6H5O7)2·2H2O) and zinc acetate
(Zn(C2H3O2)2·2H2O).  These compounds were added to
nutrient medium YPD in concentration of 5.0; 10.0;
15.0; 20.0; 30.0 mg/l on the first day of cultivation.

The determination of biomass accumulation was
effectuated gravimetrically, through the separation
from cultural liquid by centrifugation [13].

Protein content was determined spectrophoto-
metrically by Lowry [18].

The determination of catalase activity where the
disappearance of hydrogen peroxide is followed
spectrophotometrically at a wavelength of 240 nm was
effectuated according to Aebi [1] in modification [7].

RESULTS

Previously undertaken studies enabled to select
some metal compounds of iron and zinc which present
interes to be used as regulators of catalase activity at
Saccharomyces yeasts.  Thus, Saccharomyces
cerevisiae CNMN-Y-11 yeast strain previously
selected as a source of protein and catalase with higher
indices of biomass accumulation and catalase activity
was selected for further investigation.

The experimental results regarding the influence of
iron and zinc compounds with citrate and acetate on
productivity of Saccharomyces cerevisiae CNMN-Y-
11 and catalase activity are presented below. Initially, it
was studied biomass accumulation of selected yeast
strain used in investigation in oxidative stress condition
due to the administration of chosen metal compounds
(Fig. 1-2).

It was established that all tested compounds of iron
and zinc have had beneficial effect on biomass
accumulation of selected yeast strain. The obtained
results have demonstrated higher indices of biomass
accumulation in the case of iron citrate administration
in concentrations of 10.0 and 15.0 mg/l (with 57-53%
compared to control). The administration of iron
compound with acetate contributed to the insignificant
growth of biomass with the maximum increasing with
30% at concentration of 20.0 mg/l.  Further the effect
of zinc citrate and acetate on productivity of
Saccharomyces cerevisiae CNMN-Y-11 was studied
(Fig. 2).

The administration of zinc compounds contributes
to the growth of yeast biomass with the maximum
effect (with 28-38% compared to the control) at the
utilization of zinc citrate in concentrations of 5.0-10.0
mg/l. The utilization of zinc acetate had a slightly
effect on biomass accumulation. The further increase of

concentrations resulted in the decrease of process of
biomass accumulation. However, indices of dry
biomass exceeded the control value.

Figure 1. The determination of dry biomass of Saccharomyces
cerevisiae CNMN-Y-11 cultivated in the presence of iron
citrate and acetate

Figure 2. The determination of dry biomass of Saccharomyces
cerevisiae CNMN-Y-11 cultivated in the presence of zinc
citrate and acetate

Then it was determined catalase activity at selected
yeast strain cultivated in the presence of iron and zinc
compounds Analyzing obtained results it was found
that administration of both iron and zinc compounds
had significant stimulatory effect on catalase activity at
Saccharomyces cerevisiae CNMN-Y-11 (Fig. 3-4). The
activity of catalase was gradually increased with the
metal compound concentration. It can be noted that
catalase activity was increased by 108-120% compared
to the reference sample in the case of utilization of iron
citrate within limits of concentration of 10.0-15.0 mg/l.
The subsequent decrease of catalase activity with the
increase  of  concentration  up  to  30.0  mg/l  may  be
induced by the fact that defense cell mechanism breaks
down due to excessive metal concentration.

The selected for investigation zinc compounds also
had considerable effect on activity of catalase in yeast
biomass (Fig. 4). In this paper it was established that
the effect of metal compounds on catalase activity is
variable and depends on the metal and concentration.
Maximum increase of CAT activity (by 125%
compared to the reference sample) was established in
the case of utilization of zinc citrate in the
concentration of 15.0 mg/l. To a lesser extent than
citrate compounds, both iron and zinc acetate
contributed to the increase of catalase activity. So, zinc
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and iron acetate have stimulated CAT activity by 82.0-
90.0% compared to the reference sample in the optimal
concentration.

Figure 3. The influence of iron compounds on catalase activity at
Saccharomyces cerevisiae CNMN-Y-11

Figure 4. The influence of zinc compounds on catalase activity at
Saccharomyces cerevisiae CNMN-Y-11

Thus, according to obtained results, can be
indicated significant stimulatory effect of selected for
investigation iron and zinc compounds on the activity
of antioxidant enzyme catalase at Saccharomyces
cerevisiae strain.  This paper has revealed that
Saccharomyces cerevisiae can serve as object for
studying of metal action on the process of growth of
yeast strain and synthesis of catalase. The analysis of
the influence of iron and zinc compounds with citrate
and acetate on the content of other components of
antioxidant defense yeast system presents great interest
for further investigation.

DISCUSSION

Recent studies demonstrated that metals and metal
compounds can serve as potent oxidizing agents [8,
17]. According to the literature data, metals and metal
compounds can activate redox pathways that lead to
the stimulation of defense antioxidant system [26]. It
was confirmed that metals like cadmium increased
activities of superoxide dismutase, catalase and
peroxidase in arbuscular mycorrhizal fungi [11]. Other
study has established that activities of antioxidant
enzymes were also high in cadmium-exposed

Saccharomyces cerevisiae yeast cells [21]. This effect
is induced by the fact that cadmium can generate ROS
indirectly by depleting the cell’s anti-oxidant defenses
or by displacing redox-active metals from proteins.
 But the use of cadmium is generally limited due to
its toxicity. Moreover, this metal possess carcinogenic,
mutagenic and teratogenic properties under
experimental conditions [9]

In  spite  of  this,  the  effect  of  iron  and  zinc
compounds with citrate and acetate on catalase activity
in Saccharomyces cerevisiae has not been studied yet.
The obtained data have revealed that Saccharomyces
cerevisiae is very sensitive to metals action. It was
evident that the utilization of selected compounds of
iron and zinc in optimal concentrations has a direct
effect on the production of reactive oxygen species.

For the first time, it was demonstrated that iron and
zinc citrate can be used as effective stimulators of
catalase activity in Saccharomyces yeasts.  Another
important factor was the fact that these metal
compounds are non-toxic for yeasts and have beneficial
action on yeast biomass accumulation within the limits
of the chosen concentrations. The significant increase
of catalase activity established in this paper can be
explained by the metal-mediated formation of free
radicals, in particular, highly reactive hydrogen
peroxide. The supplementation of nutritive medium
YPD with compounds of iron and zinc stimulates
directly catalase activity. Hydrogen peroxide can serve
as inductor of enzyme activity. So, the catalase activity
can be increased by high substrate concentration
(H2O2). Thus, metal excess provokes oxidative stress
that results in concomitant activation of catalase. Can
be proposed, that the possible mechanism, involved in
the activation of catalase due to the action of metal
compounds on yeast cells, includes the formation of
new molecules of this enzyme, which contributes to the
reduction of hydroxyl radical formation from H2O2.
Thus, the results indicate that the tolerance of
Saccharomyces cerevisiae CNMN-Y-11 strain to
different metal compounds was correlated with the
reactive oxygen species generation in the cell and with
the efficiency of antioxidant enzyme catalase.

Furthermore, the stimulatory action of iron citrate
can be induced by the fact that the activity of catalase
depends  on  iron  ions  -  the  most  effective  cofactor  of
this  enzyme.  The  obtained  data  are  similar  with  the
results of other researchers which have established the
possibility of copper ions to enhance activity of Cu,
Zn-SOD at Yarrowia lipolytica yeasts [12].

In conclusion, these results can be used for the
elaboration of new procedures of catalase obtaining by
directed synthesis with the utilization of selected metal
compounds. The stimulation of catalase activity at
Saccharomyces yeasts by induced oxidative stress
could be of a great importance for modern
biotechnological investigations. Finally, the present
study has demonstrated that obtained biomass of
Saccharomyces cerevisiae CNMN-Y-11 strain with
enhanced activity of catalase enzyme with antioxidant
properties can be proposed for further elaboration of



Efremova, N., Molodoi, E., Usatîi, A., Fulga, L. - The utilization of some iron and zinc compounds as regulators of catalase activity at Saccharomyces cerevisiae

83

food supplements, medical remedies for prophylaxis
and treatment of diseases, caused by the negative
consequences of oxidative stress on live organisms
and, also, for the elaboration of cosmetic preparations
for the protection against solar radiation and treatment
of skin diseases.
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