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Abstract—As an essential trace element, selenium (Se) plays a tremendous role in the functioning of the human organism
being used for the biosynthesis of selenoproteins (proteins containing one or several selenocysteine residues). The functions
of human selenoproteins in vivo are extremely diverse. Many selenoproteins have an antioxidant activity and, hence, play a
key role in cell antioxidant defense and maintenance of redox homeostasis, which accounts for their involvement in diverse
biological processes, such as signal transduction, proliferation, cell transformation and aging, ferroptosis, immune system
functioning, etc. One of the critical functions of selenoenzymes is participation in the synthesis of thyroid hormones regu-
lating basal metabolism in all body tissues. Over the last decades, optimization of population Se intake for prevention of dis-
eases related to Se deficiency or excess has been recognized as a pressing issue in modern healthcare worldwide.
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INTRODUCTION

Selenium (Se) belongs to the essential trace elements
necessary for normal human activity. Se enters the body
with food of either plant or animal origin. Optimization
of population Se intake for preventing disorders related to
its deficiency or excess is one of the pressing issues in
modern healthcare.

The necessity of Se for living organisms is due to the
fact that it is a component of selenocysteine (Sec) found
in various selenoproteins. Selenoproteins are synthesized
in the cells via a unique mechanism that involves specific
enzymes and factors and directly depends on Se intake.
Human selenoproteome is encoded by 25 selenoprotein
genes. The functions of the encoded proteins in the
human body are extremely diverse. Many selenoproteins
have a pronounced antioxidant activity, thereby playing a
crucial role in the cell antioxidant defense, as well as
maintenance of cell redox homeostasis. This activity
accounts for their importance in multiple biological
processes, such as signal transduction, proliferation,
transformation, cell aging, ferroptosis, immune system
activity, etc. Another important function of selenoen-

Abbreviations: Se, selenium; Sec, selenocysteine; SeMet,
selenomethionine.

zymes is participation in the production of thyroid hor-
mone regulating basal metabolism in virtually all body tis-
sues.

This review discusses some aspects of Se metabolism
and selenoprotein biosynthesis in the human body.

DISCOVERY OF SELENIUM,
ITS PROPERTIES AND OCCURENCE

Se was discovered in 1817 by the Swedish chemist
Jons Jacob Berzelius. Due to the similarity of the new
element to the previously discovered tellurium (from
Latin zellus meaning Earth), Berzelius named it in 1782 in
honor of the goddess of Moon (Greek selené). Perhaps, a
silver matte luster of the purified element also contributed
to this decision [1].

In nature, Se exists as several crystalline modifica-
tions, as well in vitreous and amorphous forms. The oxi-
dation states of Se are —2, 0, +4, +6. Se belongs to the
sixth main group of the Periodic Table of Elements and
displays both metallic and non-metallic properties. Along
with oxygen, sulfur, tellurium, polonium, and artificially
created radioactive livermorium, Se forms the so-called
chalcogen group (from Greek word meaning ore-form-
ing). Se, sulfur, and tellurium exhibit similar properties,
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but strongly differ in the relative occurrence in the Earth’s
crust. In particular, the content of sulfur is by three orders
of magnitude higher than the content of Se. Both ele-
ments are found in inorganic and organic worlds, in a free
state, and in multiple compounds. Being chemically close
elements, Se and sulfur form similar compounds and hold
equivalent positions in many molecules [2-4].

Naturally occurring Se has six stable isotopes; the
most common are *’Se (49.62%) and "8Se (23.51%). At
least 16 more radioactive isotopes have been synthesized
artificially by irradiating stable Se nuclei with neutrons.
Among them, °Se is widely used in biochemistry for
examining metabolism of Se and selenoproteins [5].

Qualitative analysis of Se is currently performed
rather rarely due to widespread distribution of this ele-
ment. In particular, in the case of suspected Se poisoning,
the element is identified in the exhaled air by gas chro-
matography [6]. Quantitative detection of Se is carried
out by spectroscopic methods or neutron activation
analysis [7, 8]. This allows to measure both total Se con-
tent in the samples and its content in certain compounds,
which in turn, permits to analyze the metabolism of vari-
ous Se-containing substances [3, 7-10].

Se is an extremely rare element, 59th most common
in the Earth’s crust. Natural Se-containing compounds
are mainly hydrogen selenide (H,Se) derivatives that exist
in a mixture with sulfatides within copper-zinc, pyrite,
copper-cobalt, and polymetallic ores. However, in a pure
form, Se-containing minerals are found extremely
rarely [1, 2, 4].

The average content of Se in the Earth’s crust is
~50 pg/kg. Se is distributed extremely heterogeneously in
the soil, and its concentration in different geographic
regions varies from 10 to 2000 pg/kg, averaging at
~400 pg/kg [3, 4]. The content of Se in the soil depends
mainly on the parent material, climate, and use of fertil-
izers.

The average Se concentration in the world ocean is
as low as 0.2 pg/liter, but in some regions, e.g., in
hydrothermal vents (“black smokers”), the level of Se can
be 50 to 100 times higher [11]. In inland lakes, the con-
centration of Se is ~25 pg/liter [12].

Se is also found in the atmosphere as a component of
ash produced by the volcanic activity and burning of fos-
sil fuels. The level of Se in the air near the Earth surface
ranges from 0.1 to 10 ng/m?, whereas its local concentra-
tion in certain areas may be as high as 500 ng/m> [13].

In living systems, Se can exist both as elementary Se
and as a component of diverse chemical compounds, such
as selenates, selenites, analogs of sulfur-containing amino
acids (selenomethionine, Sec, methylselenocysteine,
selenocystathionine), and proteins containing these
amino acids. Plants are an essential source of Se both for
human and animals. Plants are able to absorb and trans-
form different (both inorganic and organic) forms of Se.
The average content of Se in plants is within 0.01-
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10 mg/kg dry mass; its amount is determined by the type
of soil and its pH value, amount of precipitation, temper-
ature, and plant development phase [4, 14-17]. Both
excess and deficiency of Se in the environment produce a
negative effect on the plant growth and development.

SELENIUM METABOLISM

Se enters the human or animal body through the fol-
lowing chain: soil — plant — food. Hence, Se concentra-
tion in the human blood and tissues depends on the Se
content in food, drinking water, plants, and soil. People
absorb Se preferentially from solid food and accumulate
up to 3-20 mg of this element, depending on the geo-
graphic region and traditional diet. Around 80% of Se is
found in selenoproteins [18].

According to the FAO/WHO dietary recommenda-
tions, the intake of Se should comprise 26 pg/day for
women and 34 pg/day for men. At the same time, at a
dose of 150-200 pg/day, Se produces primarily the antiox-
idant and immunity-enhancing effects, as well as certain
anticarcinogenic effect [19]. In Russia, the requirements
for Se have been established at a level of 55 pg/day for
women, 75 pg/day for men, and 10-50 ug/day for chil-
dren [20]. In Germany, the recommended Se intake for
adults ranges within 30-70 pg/day, but not over
300 pg/day [21]. In the USA, the recommended daily
dietary allowance for Se is 55 pg/day for both men and
women [22].

The actual values for the Se intake and its blood lev-
els in some countries are shown in Table 1 [23-28].

Table 1. Selenium intake and blood levels in different
geographic regions worldwide

Country Daily intake (ug) | Blood/serum (pg/liter)

Russia 15-130 67-106

Japan 27-89 80-155

China* 2-6990 5-7800

USA 60-160 100-350
Canada 113-220 143
Germany 38-47 89-98

Tibet 5-15 5-47

Finland until 1984 40 69

Finland after 1984 80 109

Note. Daily Se intake and its content in human serum markedly differ
in different countries [23-28]. Introduction of Se-containing dietary
supplements in some regions of Europe and Central Asia (Finland,
Keshan County in China) with insufficient Se intake resulted in the
long-term improvement of population health and disease prevention.

* Due to the heterogeneity of soil, Se intake and, subsequently, its con-
centration in the human serum differ greatly in different regions of
China [28].
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The content of Se in plant and animal food fluctu-
ates significantly. In plants, it depends on the level of
bioavailable Se in the soil. In animals, the content of Se
depends on diet, Se level in the fodder, and use of miner-
al and vitamin supplements (i.e., indirectly depends on
the quality of soil used for the fodder growth). Food sup-
plements contain Se either as selenomethionine (SeMet)
or sodium selenite/selenate. Se-rich fodder yeast have a
multitude of Se-containing compounds beside SeMet; Se
concentration in yeast may be as high as 1-2 mg/g dry
weight [17].

The chemical nature of consumed Se-containing
compounds significantly affects Se absorption in human
body (Fig. 1). Elementary Se, selenium dioxide, and sele-
nium sulfide are poorly utilized, whereas selenites, sele-
nates, and Se-containing amino acid derivatives are easi-
ly absorbed [29]. Absorption of Se-containing compounds
takes place mainly in the duodenum and small intestine
and, unlike absorption of other trace elements, seems to
be independent of the Se status of the consumer [30].
Inorganic (selenite, selenate) and organic (Se-containing
amino acids) compounds are absorbed with a comparable
efficacy (70-95%), although via different transport mech-
anisms. Selenate is imported via the Na*/K*/CI™ cotrans-
porter or OH™ antiporter, selenite — via Na*-independent
passive transport, whereas Se-containing amino acids are
absorbed via specialized Na*-dependent amino acid
transporters (similar to sulfur-containing amino acids)
[31]. Further trafficking of Se compounds across the cell
into the blood serum has not been fully elucidated [32].

SeMet, Se-metSec, ...
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Selenate ions and Se-Met enter the circulation mainly
unchanged, whereas selenite is actively metabolized in the
cells [33]. Sec and selenocystine penetrate into the circu-
lation in small amounts. Most of these molecules bind to
glutathione with the formation of mixed disulfides that are
metabolized in the liver [34].

Human cells produce three types of Se-containing
proteins, relative amounts of which depend on the form
of Se ingested with food (Fig. 1).

The first type are SeMet-containing proteins. SeMet
is synthesized in plants and some fungi via sulfur assimila-
tion pathway and enters human and animal body through
the food. Then SeMet is recognized by methionine-spe-
cific aminoacyl-tRNA synthetase and incorporated into a
nascent polypeptide chain similar to methionine. Protein
biosynthesis in the presence of high SeMet concentrations
results in a notably elevated content of this amino acid in
the de novo synthesized proteins, e.g., serum albumin.
Although more SeMet-containing proteins are produced
as a result, this causes no overt biological effects. It is pos-
sible that SeMet-containing proteins serve as a Se depot,
so that in the case of Se deficiency, some of them are
mobilized for selenoprotein biosynthesis [34, 35], thereby
ensuring normal body functioning.

The second type is represented by selenoproteins
with Sec incorporated into the polypeptide chain at
strictly defined positions via a specific mechanism (see
below).

Finally, the third type includes poorly characterized
Se-binding proteins that were identified experimentally

Se-Sources —» | dietary seleniuml
SeMet J ¢ ¢ &
e / Sec selenite selenate, etc.
EXCRETION
SeMet-
H
proteins SecSELENO- (CH,)),Se
"4 PROTEINS v
H5e (CH,),Se*
no biological protelns
importance
Seleno-
Sec-tRNAens —

essentlal

Fig. 1. Metabolism of Se-containing compounds in human body. SeMet derived from plants is directly used for protein synthesis (1, SeMet
cycle). Se released from SeMet and other compounds takes part in the Sec synthesis followed by the production of Sec-containing selenopro-
teins (2, selenoprotein cycle). H,Se is one of the intermediates in the generation of Sec-tRNAS"Sec_ Excessive Se is excreted from the body in
the urine as trimethylselenonium ion and via respiratory tract in a form of dimethyl selenide. Se is also found in the urine in the content of
selenosugars. Whether selenosugars take part in Se recirculation from the primary urine remains unknown.
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using radioactive Se. The exact role of these proteins in Se
metabolism remains largely unknown [36-39].

Se is removed from body in the exhaled air respira-
tion as volatile dimethyl selenide formed by Se methyla-
tion [40] and in the urine as soluble trimethylselenonium
ion [41]. Excretion of Se is significantly intensified in the
case of excessive Se intake. Volatile dimethyl selenide
accounts for typical unpleasant odor of the exhaled air in
the case of Se intoxication. Normally, urine also contains
selenosugars, namely 1-beta-methylseleno-N-acetyl-D-
galactosamine and its precursor glutathione-seleno-N-
acetyl-D-galactosamine [42]. There are data suggesting
that these sugars are solely excretion products [43].
However, there is also evidence that selenosugars are
involved in Se recirculation from the primary urine [44],
but this hypothesis requires further investigation.

EFFECTS OF SELENIUM DEFICIENCY
AND EXCESS ON HUMAN ORGANISM

Se is one of the essential trace elements that plays a
critical role in numerous biological processes [37, 46-47].
Unlike other trace elements that may act as cofactors,
active Se is always covalently bound to organic molecules.
The biological role of Se is related to its presence in Sec,
which is incorporated into specialized proteins called
selenoproteins [48-50]. Optimization of Se intake by gen-
eral human population poses one of the pressing issues of
current healthcare system. A reasonable balance should
be found, because, on one hand, Se is an essential dietary
component, while on the other hand, it is a dangerous
toxic substance [51-56].

In the early 20th century, the opinion of the world
scientific community on Se has changed dramatical-
ly — from poison and carcinogen to one of the key essen-
tial trace elements with a paramount importance for
human health [45, 57]. In 1980, the World Health
Organization referred Se to essential dietary compo-
nents.

Se deficiency. Pathologies associated with Se defi-
ciency are rare, in particular, due to the wide use of Se-
containing food supplements in the regions with low Se
levels in the soil (Tibet, some regions of China) [58]. Se
deficiency results in poor appetite, retarded body growth,
and reduced total muscle mass. It also affects the func-
tioning of the thyroid gland, cardiovascular and immune
systems and may cause infertility, etc. [69-61]. Profound
Se deficiency in a food chain results in the development
of specific endemics, such as Keshan disease (cardiomy-
opathy) and Kashin—Beck disease (osteochondropathy)
in humans, as well as myopathy and general muscular
dystrophy in animals [62].

An essential role of Se in human health has been
demonstrated in patients with muscular dystrophy. In
particular, the symptoms of this disease were reversed in
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patients receiving Se supplements as parenteral nutrition
(intravenous injections) [63]. Se-containing food supple-
ments are currently considered as an integral part of par-
enteral nutrition [64, 65].

The pathological effects related to Se deficiency
in vivo are caused by the decrease in the production of
vital selenoproteins. The studies in animals have revealed
that suppression of biosynthesis of certain selenoproteins
or Se-specific transporters results in significant increase
in the intracellular content of free radicals in cells fol-
lowed by cell death and therefore, is incompatible with
life [66, 67].

It should be noted that the extent of biosynthesis
suppression upon Se deficiency is different for different
selenoproteins, i.e., some of them are continuously pro-
duced, whereas the synthesis of others may be fully arrest-
ed. Vital organs, such as brain and endocrine glands, are
supplied with Se even in the case of its deficiency due to
specific regulatory mechanisms [55, 68, 69].

Se excess (selenosis). Symptoms of intoxication
caused by excessive Se (selenosis) have been well studied
in humans and animals. An extremely high dose of dietary
Se ingested within a short time period causes acute toxic-
ity rapidly resulting in death. However, consumption of
moderately elevated Se amounts within longer time inter-
vals causes chronic selenosis characterized by the body
mass loss, hair loss, changes in the nail structure, der-
matitis, disorders of the gastrointestinal tract, reduced
fertility, and abnormalities in the offspring [70].

Selenosis was reported for the first time in the XIII
century. When travelling in Western China, Marco Polo
described nausea, softening of hooves, and loss of fur in
his horses, which was due to the consumption of some
local Se-rich plants. Cases of selenosis in domestic ani-
mals were also described in the second half of the XVI
century in Columbia (South America) that were charac-
terized by the massive hair loss, hoof and joint diseases,
reproductive disorders, and even death. Moreover, people
inhabiting that region were described to have develop-
mental defects. Similar symptoms were observed in hors-
es in the mid-XIX century in South Dakota (USA). Local
doctors described the so-called alkali disease linked to the
high soil salinity. Only in 1931, alkali disease was identi-
fied as chronic selenosis [71].

Selenosis is diagnosed quite rarely in medical prac-
tice. Statistical reports suggest that up to 80% of the pop-
ulation may experience dietary deficiency of Se, rather
that its excess. If such diagnosis is established, the disease
prognosis is typically positive, because selenosis can be
reversed solely by correcting the diet [72, 73].

The toxicity of Se may be due to the non-specific
replacement of sulfur with Se in the sulfur-containing
amino acids and resulting alterations in the protein terti-
ary structure. Another hypothesis proposes that elevated
Se concentrations disturb the redox balance in an organ-
ism with all the following consequences [73, 74].
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Selenoprotein biosynthesis is a complex process that
proceeds in several stages. There is no free Sec in the
body, and its synthesis occurs directly on specific
tRNA (tRNA®™S) with the UCA anticodon comple-
mentary to the UGA stop codon. First, tRNA®Se g
acylated with serine by seryl-tRNA synthetase with the
formation of Ser-tRNA®®5¢ The latter is not recognized
by the common translation factors (bacterial EF-Tu and
eukaryotic eEF1A) and cannot enter translation [48-50].

In eukaryotes and archaea, tRNA-bound serine
residue is converted into Sec by three enzymes: O-phos-
phoseryl-tRNA [Ser] Sec kinase (PSTK), selenophos-
phate synthetase 2 (SEPHS2), and Sec synthase
(SEPSECS). In particular, PSTK phosphorylates serine
residue bound to tRNA, resulting in phosphoseryl-
tRNA®®See 175 76], whereas SEPHS2 phosphorylates
selenide to monoselenophosphate (HSeH,PO,) in the
ATP-dependent manner. SEPHS2 contains its own Sec
and, therefore, can participate in the regulation of
selenoprotein biosynthesis [77]. Finally, SEPSECS cat-
alyzes reaction between monoselenophosphate and phos-
phoseryl-tRNA®Se by converting tRNA-bound phos-
phoserine into Sec, producing Sec-tRNA®eSe [78]
(Fig. 2).

Selenocysteine is encoded by the UGA codon,
which is normally one of the three stop codons necessary
for terminating the elongation of the polypeptide chain.
The UGA codon encodes selenocysteine only if the
translated mRNA contains a unique selenocysteine
insertion sequence (SECIS) element, a ~60 nucleotide
motif that adopts a typical hairpin structure. SECIS can
be recognized by the presence of particular nucleotides at
specific positions, as well as the presence of non-canon-
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ical A-G base pairs. In bacteria, SECIS elements are
located within the mRNA coding regions immediately
after the UGA codon in the same reading frame. In
archaea and eukaryotes, SECIS elements are located in
the mRNA 3'-untranslated regions and may ensure
incorporation of several Sec residues on different UGA
codons [79-85].

Apart from the UGA codons and SECIS elements,
biosynthesis of selenoproteins requires a set of protein
factors, among which Sec-specific eukaryotic elongation
factor EFsec and SECIS-binding protein 2 (SBP2) play a
crucial role. SBP2 binds to SECIS and contains the
RNA-binding domain similar to that found in the riboso-
mal protein L30. EFsec is homologous to the eukaryotic
elongation factor EF-1A. Similar to this factor, EFsec
mediates the delivery of aminoacyl-tRNA to the ribo-
some active site. Interestingly, in prokaryotes, the func-
tions of EFsec and SBP2 are carried out by the two-
domain SelB protein [79].

However, many details of the mechanism behind the
biosynthesis of selenoproteins remain unclear. According
to the current understanding (Fig. 2), EFsec forms a
complex  with  Sec-tRNA®S  (EFsec—Sec—
tRNA®®S®) which binds to the SBP2—SECIS complex.
Next, the formed multicomponent complex interacts
with the ribosome translating the selenoprotein mRNA.
This results in the delivery of charged Sec—tRNA®S¢c to
the free A-site of the ribosome, thereby accounting for
the UGA-driven incorporation of Sec residue into the
nascent polypeptide chain [79-85].

Biosynthesis of selenoproteins requires a set of addi-
tional factors, in particular ribosomal protein L30, nucle-
olin, and eukaryotic initiation factor eIF3a. Most likely,
these proteins play an additional regulatory role in this
process [86-88].

Fig. 2. Selenoprotein biosynthesis. First, Sec-tRNAS®5 js produced in a three-stage process. Next, charged aminoacyl-tRNA in a complex
with specific factors is transported to the free A-site of the ribosome that translates selenoprotein mRNA.
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FUNCTIONS OF SELENOPROTEINS in vivo

Selenoproteins have been identified in the organisms
from all three domains of life — eukaryotes, archaea, and
bacteria. In eukaryotes, selenoproteins have been found
in animals, but not in higher plants, yeast, or fungi.
Currently, 25 genes encoding selenoproteins have been
identified in humans (Table 2), 24 — in rodents, and 3 —
in the fruit fly Drosophila melanogaster [89-91]. Moreover,
at least 16 out of 25 human selenoproteins are enzymes
containing Sec in the active site. Sec is a more acidic
(pKa = 5.2 vs. 8.0) and nucleophilic residue than cysteine
(Cys), and therefore, more catalytically active in the
enzyme active site [48-50, 79].

Many selenoproteins have prominent antioxidant
properties and can ecliminate reactive oxygen
species (ROS) formed as byproducts of molecular oxygen
reactions in the process of oxidative phosphorylation in
the cells. ROS can be also generated by the action of
exogenous factors, such as drugs, xenobiotics, metals,
radiation, smoking, and infection [92]. ROS include rad-
ical and non-radical oxygen forms produced by partial
reduction of molecular oxygen, e.g., superoxide anionic
radical (O3), hydrogen peroxide (H,0,), and hydroxyl
radical (OH"). At low concentration, ROS regulate many
physiological processes, such as cell signaling, prolifera-
tion, tumor suppression, and immune system function-
ing. An increase in the ROS concentration results in the
oxidative stress leading to the damage of nucleic acids,
proteins, and lipids and causing numerous pathological
processes, such as carcinogenesis [93], neurodegenera-
tion [94, 95], atherosclerosis, diabetes [96], and
aging [97]. Oxidative stress occurs as a result of imbalance
between ROS generation and elimination.

Antioxidant selenoproteins play a pivotal role in the
cell antioxidant defense, as well as the maintenance of
redox homeostasis. This function accounts for their
importance in the ROS-dependent biological processes,
such as signal transduction, cell proliferation, transfor-
mation and aging, ferroptosis, immunity, and many oth-
ers [49, 82, 84, 85].

Two major redox antioxidant systems in mammalian
cells are glutathione and thioredoxin systems.

Glutathione peroxidases are a family of enzymes
(GPX1-4, GPX6) catalyzing reduction of hydrogen per-
oxide to water and reduction of lipid hydroperoxides to
the corresponding ethers. Glutathione peroxidases use
glutathione as a cofactor that is then reduced by glu-
tathione reductases. GPX1 was the first selenoprotein
found in mammals [98].

Thioredoxin reductase is represented by three iso-
forms (TXNRD 1-3) containing Sec at the penultimate
position in the polypeptide chain. TXNRD catalyzes
reduction of thioredoxin and some other oxidized com-
pounds, in particular, disulfide bonds in pro-
teins [99, 100].
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Table 2. Human selenoproteins

GPX1, GPX2, GPX3, GPX4, GPXae,
SELENOK, SELENOR, SELENOW
TXNRDI, TXRND2, TXRND3

Antioxidant enzymes
Redox signaling

Thyroid hormone DIO1, DIO2, DIO3

synthesis

Selenophosphate synthetase 2
(SEPHS2)

Sec synthesis

Se storage and transport | SELENOP

SELENOEF, SELENON, SELENOM,
SELENOS

Protein folding

Unknown functions SELENOH, SELENOI, SELENOO,

SELENOT, SELENOV

lodothyronine deiodinases (DIOs) play a major role
in the regulation of activity of thyroid hormones. The lat-
ter accelerate basal metabolism in the cells and act virtu-
ally on all body tissues. DIO1 and DIO2 convert inactive
thyroxine (T4) to active triiodothyronine (T3), whereas
DIO3 deactivates T4 or T3 by converting it to inactive rT3
or T2, thus playing a critical role in the regulation of body
metabolism [45, 101, 102].

Selenophosphate synthetase 2 (SEPHS2) phospho-
rylates selenide into monoselenophosphate, which then
plays an important role in selenoprotein biosynthesis (see
above). Because this enzyme contains its own Sec, it can
participate in the regulation of selenoprotein produc-
tion [77].

Another protein that plays a key role in Se storage,
transport and supply in vivo is selenoprotein P
(SELENOP). This glycoprotein is found in the blood
serum (3-6 mg/liter) and may account for up to 50%
serum Se. The fundamental difference of SELENOP
from other selenoproteins is that it contains not one, but
several (up to 10 in humans) Sec residues per protein
molecule. Along with Se transport, SELENOP can bind
heavy metals and takes part in the organism defense
against oxidative stress [103-105]. SELENOP serum con-
centration may be a marker for assessing body Se status,
as well as overall body condition [106]. In particular, the
level of SELENOP together with some other markers
allows to predict the course of disease in COVID-19
patients [107], as well as predict and control recurrence of
breast cancer [108].

Recently, it was found that some thyroiditis patients
had pathogenic anti-SELENOP autoantibodies that neg-
atively affect Se transport and thereby inhibit the activity
of some selenoproteins [109].

Lately, it was found that some selenoproteins are
present in the endoplasmic reticulum (ER), where they
participate in protein folding and secretion, as well as ER
stress response [110-112].
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CONCLUSIONS

The essential trace element Se plays an extremely
important role in the human organism and its function-
ing. Se is ingested with food of both plant and animal ori-
gin and utilized for the biosynthesis of functionally active
selenoproteins that may contain one or several Sec
residues. Se is a structural and functional cysteine ana-
logue, in which the sulfur atom is replaced by a Se atom.
Sec is the 21st proteinogenic amino acid, which is encod-
ed by the UGA codon that otherwise serves as a stop
codon in protein synthesis.

A significant progress has been achieved recently
both in understanding the structure of selenoproteins and
detailed molecular mechanisms underlying their biosyn-
thesis. The functions of selenoproteins in the human body
are extremely diverse. Many selenoproteins have a promi-
nent antioxidant activity and play a key role in the cell
antioxidant defense and maintenance of redox homeosta-
sis, which accounts for their role in diverse biological
processes, such as signal transduction, cell proliferation,
transformation and ageing, ferroptosis, immune system
function, etc. Involvement in the synthesis of thyroid
hormones, which regulate basal metabolism in all body
tissues, is another crucial function of selenoenzymes.

Over the last decades, optimization of populational
Se intake for prevention of diseases related to Se deficien-
cy or excess has been recognized as a pressing issue for the
healthcare systems worldwide.
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