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SELENOENZYME-GLUTHATHIONE PEROXIDASE (GSH-Px)'

. . . .y .y . .2
Mirjana Joksimovié¢-Todorovié, Vesna Davidovié

Abstract: Selenium is a natural antioxidant but it has an important role in various physiological
processes in organism. It enables the functioning of immune system and prevents development of malignant
diseases.

Some diseases of farm animals (exudative diathesis, muscular dystrophy, pancreas atrophy, hepatosis
dietetica, etc.), reduced productive and reproductive abilities are the effects of selenium deficiency.

Biological role of selenium is manifested by the enzyme of glutathione peroxidase (GSH-Px), which
contains selenium in its nexus. Recently the researchers have identified four forms of this enzyme called the
family of enzymes. They are present in almost all cellulars, but their distribution in tissues is varied. Some
factors (individual, age, sex, etc.) influence the activities of enzymes in different organs. Seasonal and cyclic
changes can also influence enzyme activities. Endocrine system is the one that controls its activity and
recently some researchers have also suggested a genetic regulation.
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Introduction

Enzymology and the role of GSH-Px was first described by Flohe and Schlegel (1971), while
Rotruck et al., (1973) had isolated this enzyme from the rat liver and confirmed that it contained selenium.
Flohe et al. (1973) had purified the enzyme to a crystallized state and determined that the content of selenium
was 4g-atoms per mol of enzyme. By the mid 1980s a number of selenoproteins was discovered when
biochemistry of selenium increasingly became a topic of interest. Until now about 50 selenoproteins have
been identified by the use of electrophoretic isolation. However, the function of all isolated selenoproteins is
still not explained.

Selenium-dependent glutathione peroxidase (Se GSH-Px) has a role to protect cell system from
damages caused by the action of oxygen. A presence of free oxygen and its radicals has a harmful effect on
cellular system. Reaction between oxygen and electrons produces a number of intra-products which can have
a detrimental effect on cells. Superoxide (-O,’) and peroxide (-HO,") are the most important in that process
since one unpaired electron from these intra-products, under certain conditions, can provoke a reaction with
cell organic components. The site of action of these radicals is mostly bivalent bonds of unsaturated fatty
acids, either free or incorporated into cells. A free radical reacts with unsaturated fatty acid and makes a lipid
free radical (R-). Then there occurs the rearrangement of bivalent bonds, tying of molecule oxygen and
creation of fatty acid peroxil-radical (ROO"). It attracts hydrogen from the other molecule of unsaturated fatty
acid and forms hydro peroxide of unsaturated fatty acid (ROOH) and a new free radical. In this way a chain
reaction has been established (Combs and Combs, 1986).

In numerous trials conducted on various kinds of farm animals a dependence of the activity of GSH-
Px on the level of intaken selenium has been established (Cantor and Tarino, 1982: Sankari and Atroshi
1983, Sankari 1985, Hassan 1987, Todorovi¢ 1990, Mihailovi¢ et al., 1991). Because of that the activity of
GSH-Px in blood plasma is a reliable indicator of the status of selenium in animals, but only in suboptimal
and optimal levels of selenium. A high selenium levels do not lead to proportional increase of this
selenoenzyme (Meyer et al., 1981, Mihailovi¢ et al., 1996a,b, 1997). Depending on the form of given
selenium, when levels are increasing above needed ones, the activity of this enzyme shows the effect of
plateau so that higher contents of selenium do not result in further increase of activity (Todorovi¢, 1997).

Prohaska and Ganther (1977) and Lawrence and Burk (1978) established the existence of selenium-
independent GSH-Px whose activity increases with the presence of selenium deficiency. Activity of this
enzyme comes from glutathione S-transferase. Its existence can partly explain different reactions of tissues in
case of selenium and vitamin E deficiency.
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Selenoproteins-glutathione peroxidases

Four forms of glutathione peroxidases are known. Cytoplasmic (GPX-1) is present is all body cells.
It is thought that it is the most important enzyme in preventing the detrimental effects of oxidative stress
(Kohrle et al., 2000). 1t is involved in various physiological events such as differentiation, signal transduction
and regulation of pro-inflammatory cytokine production (Ursini, 2000), and takes part in biosynthesis of
leukotrienes, thromboxanes and prostaglandins responsible for the modulation of inflammatory reactions. It is
thought that it can bring about the process of transcription (Kohrle et al., 2000).

A second enzyme glutathione peroxidase (GPX-2) is also being synthetized in cytoplasm and it has a
tetrameric structure. This enzyme is mostly present in gastrointestinal tract. It represents a major barrier
against hydroperoxide resorption (Brigelius-Flohe, 1999). It suggests that the digestive tract is a major site of
antioxidant and prooxidant interaction in the body (Surai, 2002). Intestinal GSH-Px is a main protector
against hydroperoxide originating from nutrition. During feed production and storage some unsaturated lipids
are oxidised and they can cause health-related problems, including decreased growth, impaired productive and
reproductive function and immune competence (Kanazawa and Ashida, 1998). Indeed, oxidized lipids can
react with transition metals, already present in the feed or as feed supplements producing free radicals. Those
free radicals can react with natural or synthetic antioxidants present in the feed. Intestinal GSH-Px prevents,
them, in this way, entering systemic circulation. Besides (GPX-2) in the gastrointestinal tract there are three
more selenoproteins present including plasma GSH-Px, selenoprotein P and thioredoxin reductase
(Mork et al., 1998).

Phospholipid hydroperoxide glutathione peroxidase (GPX-3) can metabolize phospholipid
hydroperoxides whereas (GPX-1) cannot. The major source for this enzyme is the kidney and the mRNA for
a dominant site of its synthesis is in the proximal tubules of kidney. This enzyme can also be found in plasma
and extracellular fluids.

The fourth Se-dependent glutathione peroxidase (GPX-4) is significantly different from the (GPX-1)
enzyme. This enzyme has a monameric protein structure (it contains 1g atom of selenium per enzyme mol)
and it is not glutathione specific, such that it can use phospholipids hydroperoxides as substrates. It is believed
that this enzyme is able to bind to a wider range of substrates than the other GPX enzymes. Although its
function has not been clearly defined, it is thought that it may protect cellular membranes and mitochondrial
intermembrane spaces.

Despite great attention paid to GSH-Px family of enzymes it seems likely that thioredoxin reductase,
described as selenoprotein (Gladyshev et al., 1996) may be of even greater significance than GSH-Px. The
redox status of the cell is a major determinant of many different pathways including gene regulation (Morel
and Barouki, 1999). A thiol redox system consists of the glutathione system (glutathione/glutathione
reductase/glutaredoxin/glutathione peroxidase (Cotgreave and Gerdes, 1998)) and a thioredoxin system
(thioredoxin/thioredoxin peroxidase/thioredoxin reductase). It is believed that these two systems play an
important role in the regulation of different processes (Holmgren, 2000). Together they supply electrons for
deoxyribonucleotide formation, antioxidant defence and redox regulation of signal transcription, transduction
and controlled cell destruction (Mustacich and Powis, 2000). The thioredoxin reductase (TR) can reduce not
only thioredoxin but also oxidized glutathione (Sun et al., 2001). The thioredoxin reductase family (TR) is
involved in thiol redox regulation, DNA synthesis, regulation of gene transcription and regulation of growth
(Burk, 2002).

The iodothyronine deiodinases is a family of three enzymes responsible for the maintenance of
thyroid hormone homeostasis.

Sperm capsule selenoprotein (SCS) is localized in the midpiece of the spermatozoa where it
stabilizes the integrity of the sperm flagella (Brown and Arthur, 2001). Selenoprotein (SCS) is responsible
also for sperm motility, viability and fertilizing capacity (Kohrle et al., 2000).

The effect of selenium level in feed on the activity of glutathione peroxidase
A selenium supplementation of feed (optimal and suboptimal levels) can lead to increasing the acti-

vity of selenoenzymes (GSH-Px) in blood plasma. The chicks fed diets supplemented by 0,5 or 1 mg Se/kg
feed had higher enzyme activity in comparison with chicks fed no such supplementation (Todorovi¢, 1990).
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However, the adding of high levels of organic or inorganic selenium form (2, 5, 10, 15 or 20 mg
Se/kg feed) in the first seven days posthatch leads to increased activity, but in later periods of fattening the
activity declines significantly so that at the end it was reduced to one third of the initial value (Todorovi¢ et
al., 1998; Joksimovié-Todorovié and Joki¢, 2005 a,b). Initial high selenium levels lead to increasing enzyme
activity but in later periods activity abruptly declines. It seems likely that cells which synthetize enzyme
become in time seriously damaged by a high selenium levels so that in the beginning they decrease and later
completely terminate the synthesis. On the contrary, Stanley and Tappel (1974) confirmed a linear increase of
the activity of enzymes in chicks blood plasma. The authors reported that by adding 1,4, ie., 4,6 mgSe/kg in
diet the activity of enzymes was approximately the same, whereas 14 mg Se/kg feed caused the increase in the
enzyme activity by 100% in relation to previously reported values.

The activity of enzyme does not depend only on the level of feed supplemented selenium. The nutri-
tion is one of important factors (content of fat, fatty acids, microelements, vitamins) which besides selenium
influences enzyme activity (Erdélyi et al., 1999). There are also some individual factors such as body weight,
age, sex, endocrine system, which are found to regulate the activity of selenoenzymes (Mikiés et al., 2003).

Conclusion

Selenium supplementation in organism is being turned into some metabolic forms necessary for
physiological functions. During these metabolic processes some products are generated in the form of specific
selenoproteins. Besides selenoenzyme GSH-Px which has a special physiological function, a presence of
many more other selenoproteins was confirmed but their role is still unknown. It seems likely that some of
them represent selenium depots in the organism.

SELENOENZIM — GLUTATION PEROKSIDAZA (GSH-Px)
Mirjana Joksimovic-Todorovié, Vesna Davidovié

Rezime

Selen je prirodni antioksidans, ali ima vaznu ulogu i u brojnim fizioloskim procesima u organizmu,
omogucava funkcionisanje imunoloskog sistema i spre¢ava razvoj malignih oboljenja.

Pojedina oboljenja domacdih Zivotinja (eksudativna dijateza, miSi¢na distrofija, atrofija pankreasa,
hepatosis dietetica i dr.), smanjena proizvodna i reproduktivna svojstva su posledica deficita selena.

Svoju biolosku ulogu selen obavlja preko enzima glutation peroksidaze (GSH-Px), koji u svom
centru sadrzi selen. Definisane su Cetiri forme ovog enzima, koje se danas nazivaju familijom enzima. Prisutni
su skoro u svim ¢elijama organizma ali njihova distribucija u tkiva pokazuje izvesna variranja. Pojedini
faktori (individualni, starost, pol jedinke idr.) utiCu na aktivnost enzima u pojedinim organima. Sezonske i
ciklicne promene takode menjaju aktivnost enzima. Endokrini sistem kontroliSe njegovu aktivnost a u
poslednje vreme govori se i o genetskoj regulaciji.
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