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Abstract
Selenoprotein P (Sepp1) is a secreted protein that is made up of 2 domains. The larger N-terminal
domain contains 1 selenocysteine residue in a redox motif and the smaller C-terminal domain contains
the other 9 selenocysteines. Sepp1 isoforms of varying length occur but quantitation of them has not
been achieved. Hepatic synthesis of Sepp1 affects whole-body selenium content and the liver is the
source of most plasma Sepp1. ApoER2, a member of the lipoprotein receptor family, binds Sepp1
and facilitates its uptake into testis and retention of its selenium by the brain. Megalin, another
lipoprotein receptor, facilitates uptake of filtered Sepp1 into proximal tubule cells of the kidney.
Thus, Sepp1 serves in homeostasis and distribution of selenium. Mice with deletion of Sepp1 suffer
greater morbidity and mortality from infection with Trypanosoma congolense than do wild-type
mice. Mice that express only the N-terminal domain of Sepp1 have the same severity of illness as
wild-type mice, indicating that the protective function of Sepp1 against the infection resides in the
N-terminal (redox) domain. Thus, Sepp1 has several functions. In addition, plasma Sepp1
concentration falls in selenium deficiency and, therefore, it can be used as an index of selenium
nutritional status.

1.0 Introduction
Selenoprotein P (Sepp1) is a secreted glycoprotein that contains most of the selenium in plasma
[1,2]. With respect to its selenium content, Sepp1 can be divided into two domains. The N-
terminal domain, approximately two-thirds of the amino acid sequence, contains 1
selenocysteine (U) in a U-x-x-C redox motif (Fig. 1A). The shorter C-terminal domain contains
multiple selenocysteines—9 in rats, mice, and humans (Fig. 1B).

Sepp1 binds to heparin [3,4] in a pH-sensitive manner [5]. This property has been attributed
to a heparin-binding site in the N-terminal domain that contains histidine as 2 of its 5 basic
residues [6]. Histidine becomes protonated, and therefore able to bind heparin, only when pH
drops below the normal physiologic range. This confers on Sepp1 the property of binding to
heparin under acidic conditions but remaining unbound at physiologic pH.

Two histidine-rich stretches are present in the distal N-terminal domain of Sepp1 (Fig. 1A).
These stretches contain up to 10 sequential basic amino acids and likely contribute to the
heparin-binding properties of Sepp1 [6,7]. Sepp1 also contains carbohydrate, with 3 occupied
N-glycosylation sites in the N-terminal domain and 1 occupied O-glycosylation site in the C-
terminal domain (Fig. 1). Several disulfide and selenenylsulfide bonds have been identified in
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rat Sepp1 as purified [8]. These bonds might have structural functions; they also might serve
to protect the selenium atoms by reducing their reactivity.

Sepp1 purified from rat plasma is present as 4 isoforms. In addition to the full-length isoform
that contains 10 selenocysteine residues, shorter isoforms are present that terminate at the
second, third, and seventh selenocysteine positions (Fig. 1). These isoforms contain 1, 2, and
6 selenocysteine residues, respectively [9,10]. There is evidence for the existence of Sepp1
isoforms in the mouse [11] and the human [12] but separation and characterization of them in
these species has not been reported.

The liver produces most of the Sepp1 in plasma, where its turnover is rapid. Sepp1 is also
expressed in other tissues and is presumably secreted by them [13,14].

Several reviews on Sepp1 are available [15,16]. We reviewed research on Sepp1 published
through 2004 [17]. Since then additional work, including experiments using mice with genetic
alterations of Sepp1, has provided new insights into the metabolism and function of this
selenoprotein. The present review covers selected topics from this recent period.

2.0 Genetic Characteristics of Sepp1
2.1 Origin and evolution

Analysis of genomes with respect to Sepp1 has been revealing [18]. The proximal portion of
the Sepp1 N-terminal domain, which contains the redox motif U-x-x-C, contains conserved
sequences with similarity to bacterial thioredoxin-fold proteins. This observation indicates that
Sepp1 is a member of the thioredoxin superfamily and thereby strongly suggests that its N-
terminal domain has a thiol-redox function. This strengthens earlier suggestions of such a
function [17,19–21].

The selenium-rich C terminus, and therefore Sepp1 as we know it, probably first appeared in
early metazoan species [18]. The suggestion has been made that a C-terminal selenocysteine
residue was acquired by mutation of the protein’s original termination codon to UGA, which
codes for selenocysteine in selenoproteins. With read-through of the new UGA as
selenocysteine, the protein would have been extended to the next in-frame termination codon.
Repetition of this process would add selenocysteine residues to the C terminus.

Marine animals evolved Sepp1 molecules with as many as 27 selenocysteine residues in the
C-terminal domain, presumably to supply selenium for their large number of selenoproteins.
Terrestrial animals have fewer selenoproteins and their Sepp1 molecules correspondingly
contain fewer selenocysteine residues as a consequence in most cases of replacement of
selenocysteines by cysteine residues. This bio-informatic analysis [18] is consistent with the
two domains of Sepp1 having distinct functions. This concept is now strongly supported by
experimental results as will be discussed below.

2.2 Expression
Insertion of selenocysteine into selenoproteins is less efficient than is incorporation of other
amino acids. Ten selenocysteines must be inserted into full-length Sepp1, so there has been
great interest in determining how this is accomplished. Evidence has been presented that the
2 selenocysteine insertion sequence (SECIS) elements in the 3′ untranslated region (utr) of
Sepp1 mRNA have distinct functions [22]. SECIS 2 is less efficient than SECIS 1 [23]. SECIS
2 was shown to be responsible for insertion of the single selenocysteine in the N-terminal
domain (Fig. 2). This process occurs slowly, so ribosomes pass this UGA relatively
infrequently [22]. Once the ribosome reaches the second UGA it interacts with SECIS 1, which
rapidly facilitates insertion of the remaining selenocysteines. The authors postulate that the
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first UGA serves as a checkpoint to ensure that all the ingredients for selenoprotein synthesis
are present before allowing synthesis to proceed to the selenium-rich domain. Also because it
utilizes the inefficient SECIS 2, the first UGA serves as a hindrance to ribosomal progress and
prevents ribosomes from arriving at the second UGA while SECIS 1 is engaged with the
preceding ribosome. This model is the first detailed mechanism postulated for translation of
Sepp1. Extension of this work will need to consider how isoforms of Sepp1 are produced and
whether synthesis of Sepp1 produces the same products in all tissues.

Several studies of the Sepp1 promoter indicated that it interacts with cytokine and growth factor
pathways, suggesting that inflammation alters its activation [24–26]. More recently a report
detailed a number of hepatic factors that make the liver the primary organ expressing Sepp1
[27]. That study implicated insulin and possibly glucocorticoids as regulators of Sepp1
expression. These studies were carried out in cell lines; extension of them to the intact organism
will be important to determine the physiologic significance of their results.

Sepp1 mRNA is present in most tissues, implying that the protein is expressed and secreted
by cells throughout the organism [28]. Therefore in order to gain insight into Sepp1 function,
additional tissue factors that affect its expression need to be determined.

Two relatively common single nucleotide polymorphisms (SNPs) of SEPP1 have been
reported. One is located in the N-terminal domain and results in conversion of the alanine at
position 234 to threonine (A234T) [29,30]. This SNP introduces a potential O-glycosylation
site between the histidine-rich sequences. The other SNP is at nucleotide position 25191, which
is located in the 3′utr between the termination codon and SECIS 1 (see Fig. 2). Unlike the
SECIS, which has a stem-loop structure, the sequence containing this SNP has not been
described to have a secondary structure. However, this sequence is conserved between species
[13], and can therefore be speculated to have a function. Thus, both these SNPs might be
important in the expression and/or function of SEPP1.

Factors besides the Sepp1 gene affect its translation. The production of a selenoprotein requires
several gene products [31,32] in addition to the usual protein translation machinery. A mutation
in one of those proteins, SECIS binding protein-2 (SBP2), a protein that binds to the SECIS
element and facilitates translation of selenoproteins, has been shown to affect SEPP1
concentration in plasma [33,34]. Finally, selenium deficiency decreases synthesis of Sepp1
and causes its plasma concentration to decline [35].

3.0 Sepp1 Roles in Selenium Homeostasis and Transport
3.1 Selenium homeostasis

The liver acquires selenium from several sources and apportions it between selenoprotein
synthesis and excretion from the organism (Fig. 3). Specifically, liver synthesizes its intrinsic
selenoproteins as well as the secreted selenium molecules Sepp1 and excretory metabolites
[36].

Deletion of Sepp1 causes increased excretion of selenium in the urine and, as a result, decreased
whole-body selenium [37] (Fig. 4A). It is likely that competition for the hepatic metabolically
available selenium pool between synthesis of Sepp1 and synthesis of excretory metabolites
underlies this phenomenon (Fig. 3). Synthesis of intrinsic liver selenoproteins would not be
expected to affect this selenium pool because their catabolism would return selenium to it. The
loss of competition between selenium-containing molecules secreted by the liver, however,
would explain the increased production of excretory metabolites and, hence, the increased
urinary loss of selenium in Sepp1−/− mice.
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Whole-body selenium, thus, appears to be regulated in the liver by the distribution of
metabolically available selenium between the pathways of selenoprotein synthesis and
selenium excretory metabolite synthesis. This process might be a passive one, with the
selenium that is incorporated into Sepp1 being destined for retention by the organism and the
selenium that cannot be accommodated by the selenoprotein synthesis pathway entering the
excretory pathway. Active regulation of excretory metabolite synthesis is a possibility,
however, and must be considered in future work.

3.2 Selenium transport
Because deletion of Sepp1 causes a moderate selenium deficiency state, clues to function of
Sepp1 can be sought by comparing its deletion with dietary selenium deficiency. Dietary
selenium deficiency caused a profound decrease in liver selenium concentration (Fig. 4B),
presumably because the liver exports a fraction of its metabolically available selenium as
Sepp1, even when selenium supply to the liver is drastically decreased [35]. It is not surprising,
then, that deletion of Sepp1 had little effect on liver selenium in selenium-replete mice (Fig.
4A) and even rendered it resistant to depletion by dietary selenium deficiency [38,39].

Brain and testis stand out as responding differently to Sepp1 deletion than to dietary selenium
deficiency [38,39]. Brain selenium concentration fell with Sepp1 deletion to 45% of the wild-
type value, a decrease that was greater than the fall to 64% of wild-type by the whole-body
selenium concentration (Fig. 4A). Brain selenium fell only to 56% of control in severe selenium
deficiency in spite of whole-body selenium concentration declining to 13% of control (Fig.
4B). This demonstrates that the presence of Sepp1 helps preserve brain selenium when dietary
selenium is limiting. Testis selenium concentration was also protected by the presence of
Sepp1.

Both kidney and muscle selenium concentrations fell approximately to the same extent as did
whole-body selenium with deletion of Sepp1 and with dietary selenium deficiency. Thus,
Sepp1 appears to be responsible for maintaining selenium in brain and testis by a mechanism
that is distinct from its effect on whole-body selenium. That mechanism has recently been
identified as receptor-mediated uptake of Sepp1.

3.3 Receptor-mediated uptake
Sepp1-containing vesicles were identified in Sertoli cells by immunocytochemistry [40],
consistent with receptor-mediated endocytosis of the protein in the testis. Analysis of a testis
membrane preparation for Sepp1-binding proteins identified a lipoprotein receptor family
member, apolipoprotein E receptor-2 (apoER2) [40]. Sertoli cells express apoER2 and those
cells did not contain Sepp1-positive vesicles in apoER2−/− mice [40]. Moreover, testis selenium
content was very low in apoER2−/− mice (Fig. 4C). Thus, most of the selenium in the testis is
derived from apoER2-mediated uptake of Sepp1 by Sertoli cells (Fig. 3).

Further study of apoER2−/− mice demonstrated that brain selenium concentration in them was
depressed to 44% of that in wild-type mice but that kidney and whole-body selenium
concentrations were not affected (Fig. 4C) [41]. This indicates that brain selenium is apoER2
dependent but that kidney selenium is not. The finding that apoER2−/− mice have the same
whole-body selenium content as do wild-type mice is consistent with the hypothesis discussed
above that regulation of whole-body selenium is determined in the liver, a tissue that does not
express apoER2.

Brain selenium content is much lower than testis selenium content [42,43] (Fig. 4). Moreover,
testis exports selenium as sperm selenoproteins, while the brain is not known to export the
element. These considerations are consistent with the brain taking up much less selenium than
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the testis. Immunocytochemistry of the brain did not reveal Sepp1-containing vesicles like the
ones found in the testis, compatible with a postulated low uptake of Sepp1. Thus, a role for
apoER2 in taking up Sepp1 at the blood-brain barrier is inferred but has not been demonstrated
directly.

Sepp1 is expressed inside the brain and has been proposed to serve as a storage form of selenium
there, explaining the low brain selenium in Sepp1−/− mice [44]. However, insertion into
Sepp1−/− mice of a transgene directing hepatic synthesis of human SEPP1 led to selenium
delivery to the mouse brain [45]. This confirms that Sepp1 transports selenium to the brain and
increases the likelihood that apoER2 facilitates Sepp1 uptake at the blood-brain barrier. Storage
of selenium in the form of Sepp1 within the brain remains a possibility, however.

Immunocytochemical study of the kidney revealed Sepp1-containing vesicles in proximal
convoluted tubule (PCT) cells, suggesting that these cells take up Sepp1 from the glomerular
filtrate [46]. PCT cells have a special need for selenium because they synthesize and secrete
glutathione peroxidase-3 (Gpx3), an extracellular selenoprotein [47]. Thus, PCT cells appear
to prevent Sepp1 from being lost in the urine and, coincidentally, can utilize Sepp1 selenium
for Gpx3 synthesis.

ApoER2 is not responsible for Sepp1 uptake by PCT cells. Deletion of apoER2 had no effect
on the Sepp1-containing vesicles in PCT cells and no effect on kidney selenium level (Fig. 4C)
[46]. Megalin, another member of the lipoprotein receptor family that is also referred to as
Lrp2, is present on the brush border of PCT cells and facilitates endocytosis of a number of
glomerular filtrate proteins and other ligands [48]. 18-Day megalin−/− fetuses did not have
Sepp1-containing vesicles in PCT cells, while wild-type fetuses did have such vesicles [46].
Fetuses were studied because megalin−/− mice typically die at birth. Thus, megalin is
responsible for PCT cell uptake of Sepp1 from the glomerular filtrate.

3.4 Sepp1 isoforms in receptor-mediated uptake
ApoER2 and megalin have different ligand-binding properties so it is reasonable to ask whether
they distinguish between isoforms of Sepp1. Mice with deletion of the C-terminal domain of
Sepp1 (see Fig. 1), Sepp1Δ240–361 mice, were produced and studied for the presence of Sepp1-
containing vesicles in testis and kidney. Such vesicles were not detected in testis [Olson, G.E.
V.P. Winfrey, K.E. Hill, and R.F. Burk, unpublished] but they were present in kidney PCT
cells [46]. Because only one isoform of Sepp1 is present in Sepp1Δ240–361 mice [11], these
results indicate that Sepp1Δ240–361 is not taken up by apoER2-mediated endocytosis but is
taken up by the megalin-mediated process.

Sepp1Δ240–361 and other short isoforms are small enough to be filtered by the kidney
glomerulus. The full-length form of Sepp1 has a combined peptide and carbohydrate weight
of approximately 50 kDa but elutes from a gel filtration column at a position corresponding to
79 kDa [49]. Thus, shorter isoforms would be expected to enter the glomerular filtrate to a
greater extent than the full-length isoform.

These results raise the possibility that apoER2 is selective for full-length Sepp1. Such
selectivity would maximize selenium uptake by tissues that express apoER2. Megalin, on the
other hand, prevents loss of Sepp1 in the urine, so it would need to bind the shorter isoforms.

4.0 Sepp1 and Spermatogenesis
Male animals with severe selenium deficiency produce defective spermatozoa and have
reduced fertility [50,51]. Abnormalities of the mitochondrial capsule, which contains the
selenoprotein Gpx4 as a structural component [52], underlie at least some of the sperm defects
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[53]. Sepp1−/− mice and apoER2−/− mice have reduced fertility and produce spermatozoa that
have the same appearance as selenium-deficient ones [54]. Thus, Sepp1 supplies selenium for
spermatogenesis through apoER2-mediated endocytosis and the absence of either protein
blocks selenium supply and leads to the production of defective spermatozoa.

In addition to maintaining selenium, apoER2 has non-endocytotic signaling functions in the
brain that are activated by its ligand Reelin [55]. Studies with 4 strains of apoER2 knock-in
mice, each of which has a different alteration in the cytoplasmic tail of the receptor, have
characterized the signaling pathway activated by Reelin [56]. A recent report indicated that
none of the 4 knock-in strains had decreases in brain or testis selenium that were comparable
to those in apoER2−/− mice [57]. However, morphologic abnormalities were present in
spermatozoa from one of the knock-in strains and sperm motility was depressed in two others.
Thus, some abnormalities in sperm function appear to be related to a signaling function of
apoER2 in the testis. The affected signal might involve Sepp1 and/or selenium trafficking, or
it might be unrelated to selenium. It is clear, however, that more details remain to be learned
about Sepp1 and apoER2 effects on spermatogenesis.

5.0 Sepp1 and Brain Injury
That supply of selenium to the brain is very important derives from the fact that the organism
maintains brain selenium at the expense of selenium in other tissues (Fig. 4B) [43]. As discussed
above, apoER2 and Sepp1-facilitated maintenance of brain selenium appears to be the major
mechanism by which the brain competes with other tissues for selenium. However, Sepp1 is
also expressed inside the brain [58], primarily by glial cells [14,59], and has therefore been
postulated to store and/or transport brain selenium [44].

Discovery of the Sepp1-apoER2 pathway provided a strategy for the production of selenium
deficiency in the brain. That strategy employed the deletion or alteration of Sepp1 or apoER2
and then the feeding of a selenium-deficient diet. Early studies using non-congenic Sepp1−/−

mice demonstrated that feeding a diet containing 0.25 mg selenium (as selenite)/kg produced
no neurological dysfunction [60]. When fed a 0.10 mg selenium/kg diet (which is considered
to satisfy the selenium requirement of wild-type mice), Sepp1−/− mice developed spasticity
and abnormal movements in addition to poor performance on the rotarod test and pole climb.
Feeding selenium-deficient diet to Sepp1−/− mice caused severe neurological impairment that
led to death within weeks. Thus, the absence of Sepp1 raised the selenium intake needed to
prevent brain injury.

When selenium was re-fed to Sepp1−/− mice after neurological abnormalities had developed,
the neurological status stabilized, but it did not improve [60]. Thus, lack of selenium causes
irreversible brain injury. Similar neurological abnormalities were observed in apoER2−/− mice
and Sepp1Δ240–361 mice fed selenium-deficient diet [11,41]. These experiments indicate that
decrease of selenium uptake into the brain, not lack of Sepp1 itself, was the principal cause of
the brain injury.

Brain injury was assessed in the 3 strains of genetically altered mice by silver staining serial
brain sections from them [61]. Feeding selenium-deficient diet caused severe axonal injury
that was mitigated (but not completely eliminated) by feeding high-selenium diet. No injury
at all was detected in the brains of wild-type mice fed selenium-deficient diet. The pattern of
injury was similar in Sepp1−/−, apoER2−/−, and Sepp1Δ240–361 mice, affecting mainly areas
involved in motor and auditory functions. Severity of the injury was greatest in Sepp1−/− mice,
consistent with this deletion causing more severe selenium deficiency in the brain through
directly decreasing brain selenium and indirectly decreasing whole-body selenium content.
Thus, this study demonstrated that interruption of selenium supply to the brain by impairing
the Sepp1-apoER2 pathway causes neurodegeneration.
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Many questions remain about Sepp1 in the brain. Do receptors other than apoER2 bind Sepp1?
Does Sepp1 have functions in the brain other than transporting selenium? Does the putative
thiol-redox function of Sepp1 serve as an extracellular oxidant defense in the brain? Might
Sepp1 be a signaling molecule in the brain [62]? It is obvious from what is already known that
subtle defects in the Sepp1-receptor pathway might play a role in neurodegenerative diseases,
as is already being suggested [63,64].

6.0 Sepp1 in Parasitic Infection
Selenium nutritional status affects the severity of infections. Aside from the role of Gpx1 in
coxsackie virus infection [65], little is known about how specific selenoproteins affect infection
outcomes. A recent report, however, indicated that Sepp1 protects mice against
trypanosomiasis [66].

Trypanosomiasis is a parasitic disease that is often fatal. After inoculation of mice with
Trypanosoma congolense, an initial parasitemia occurs that is controlled by gamma-interferon
activation of immune cells. An interleukin-10 dependent phase ensues that ends with death of
the mice approximately 150 days after inoculation. Because Sepp1 expression was increased
in myeloid cells by interleukin-10, deletion of Sepp1 was studied in the experimental infection
[66]. In Sepp1−/− mice the initial parasitemia was worsened and caused some mortality. The
Sepp1−/− mice that survived the initial parisitemia died sooner than did infected wild-type mice.
Thus, Sepp1 protects mice against the infection.

The investigators studied Sepp1Δ240–361 mice to assess which domain of Sepp1 protected the
mice. Results in Sepp1Δ240–361 mice were indistinguishable from those in wild-type mice
[66]. This result implicates the N-terminal domain of Sepp1 in the protection against illness
caused by trypanosomal infection. It suggests that an enzymatic function and not selenium
transport was the protective mechanism. In addition, this result clearly establishes that the N-
terminal domain of Sepp1 has a function in vivo.

7.0 Human SEPP1
7.1 Marker of selenium nutritional status

Because selenium functions through selenoproteins, it has been proposed that optimum health
would be achieved if enough of the element were supplied to prevent selenium from becoming
the limiting factor in selenoprotein synthesis. Determination of selenoprotein optimization has
become the major technique used to assess the selenium nutritional requirement. Tissue
selenoproteins cannot be measured without performing a biopsy, so plasma selenoproteins have
been used as surrogates for all the selenoproteins.

Gpx3 and Sepp1 are the plasma selenoproteins. They serve as selenium nutritional markers
and their plasma concentrations fall as the severity of selenium deficiency increases [35,43].
Plasma glutathione peroxidase activity and Sepp1 concentration decline to less than 5% of
selenium-replete values in animals with severe selenium deficiency. Thus, either of these
selenoproteins can be used to assess the severity of selenium deficiency in animals.

Our group studied the effect of selenium supplementation on plasma SEPP1 and GPX3 in a
selenium-deficient human population in China that had a dietary selenium intake of 10 μg/d
[67]. Plasma glutathione peroxidase activity reached its maximum value, implying that GPX3
had been optimized, when a supplement of 37 μg selenium per day in the form of
selenomethionine was given. SEPP1 concentration was continuing to rise at that level of
supplementation and had not reached a plateau at the highest supplement dose, 61 μg/d. Thus
of the two plasma selenoproteins available for measurement, SEPP1 requires a greater selenium
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intake to reach its maximum concentration. This makes it a better marker than GPX3 for the
maximization of all the selenoproteins in the human body.

Another supplementation study was performed in selenium-replete individuals in the U.S.
[68]. Supplementing them with selenium did not cause an increase in plasma glutathione
peroxidase activity or SEPP1 concentration. That study indicated that these plasma selenium
biomarkers do not mirror selenium intake once the selenium requirement has been met.

The results of these studies and one carried out in Britain [30] indicate that SEPP1 plasma
concentration is the best easily accessible marker of human selenium nutritional status. Once
the nutritional requirement has been met, however, SEPP1 concentration does not reflect
additional increases in selenium intake.

7.2 Decreased Sepp1 concentration in sepsis
Plasma selenium concentration falls acutely by as much as 40% in patients with sepsis or sepsis-
like illness [69]. SEPP1 concentration also falls in sepsis and is presumably the cause of the
decline in selenium concentration [70].

Neither the reason for SEPP1 decrease nor its mechanism is known with certainty. The decrease
in plasma SEPP1 might be beneficial to the patient, perhaps by decreasing the availability of
selenium to invading microorganisms or by decreasing reactive selenium in the circulation.
The more common opinion, however, is that the decrease in SEPP1 is an indication that
selenium is lacking and that supplementation with it is warranted. Selenium intervention
studies have been carried out in these severely ill patients but have not shown that selenium
supplementation is globally beneficial to patients with sepsis [71,72]. Some of the data suggest,
however, that septic patients with initial low selenium status might benefit from selenium
administration. Because of the potential deleterious effects of administering selenium to
seriously ill patients, clear evidence supporting its use is needed before recommendations for
its administration in medical practice can be made.

Rat Sepp1 is a pH-dependent heparin-binding protein; it is possible that binding to heparan
sulfate proteoglycans in acidotic tissues causes the sepsis-associated decline of plasma SEPP1.
Such binding would be specific for host cells and might deliver selenium to cells in sites of
inflammation and/or provide enzymatic protection of host cells against reactive metabolites.

Alternatively, the decline in plasma SEPP1 might be caused by decreased release of it by the
liver. A recent study in mice suggests that decreased liver release is the mechanism of the
decline [73]. Measurements of mRNA after endotoxin injection failed to show a decrease in
mRNA for Sepp1 but did show decreases in mRNA for several proteins essential for
selenoprotein synthesis. Synthesis of Sepp1 likely constitutes a large fraction of hepatic
selenoprotein synthesis, so impairment of selenoprotein synthesis should affect Sepp1 release
by the liver. This work with mRNA suggests a mechanism for the decrease in plasma Sepp1,
but direct studies on the fate of plasma Sepp1 are needed to determine whether its utilization
is increased by sepsis.

The results in trypanosomiasis indicate that Sepp1 plays a role in protection against that
infectious illness [66]. Convincing evidence that it protects against other infections has not yet
emerged.
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8.0 Perspectives
The existence of Sepp1 was first reported over 30 years ago, but progress in understanding its
functions has come mostly in the present decade. Much of that progress can be traced to the
study of mice with Sepp1 deleted or modified.

Sepp1 is now known to consist of two domains. The N-terminal domain appears to be an
enzyme with redox properties. The C-terminal domain contains selenium that is in transit.
These statements, while helpful, do not capture the complexity of this protein, which has a
number of characteristics that are as yet unexplained.

Full-length Sepp1is present in plasma but so are shortened forms that have reduced selenium
content. The origin of these Sepp1 isoforms is not known. They might result from termination
of Sepp1 translation at UGAs in the open reading frame of Sepp1 mRNA, or they might result
from removal of C-terminal fragments of plasma Sepp1 in the extracellular space, perhaps as
a prelude to uptake of the selenium-rich fragments by cells. No methods to quantitate isoforms
have been reported and this is a great research need.

Sepp1 mRNA is present in most tissues, indicating that the protein is produced widely in the
body. Only three tissues are known to export selenoproteins in large quantities—liver, testis,
and kidney—and they all have higher selenium contents than other tissues (Fig. 4). Of these 3
tissues, liver exports Sepp1 and the other 2 take up Sepp1. Liver has several mechanisms for
acquiring the selenium that it exports as Sepp1. Thus, it can be speculated that liver exports
full-length Sepp1 to supply other tissues with selenium, and other tissues secrete mostly shorter
isoforms of Sepp1, possibly for local use as a redox enzyme or as a signaling molecule.

The understanding of Sepp1 physiology will guide research on its health effects. Especially
exciting is the possibility that Sepp1 protects host cells and extracellular matrix against
oxidative damage at sites of inflammation. In addition to its role in transporting selenium, other
functions of Sepp1 will surely be discovered.
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Figure 1.
Domains of rat Sepp1. Panel A depicts the N-terminal domain (residues 1–244) that contains
one selenocysteine residue (U) in a thioredoxin-like motif (U-x-x-C). A typical heparin-binding
site (HBS) and 2 histidine-rich stretches (H-rich) are also present in this domain as are 3
occupied N-glycosylation sites. Panel B depicts the C-terminal selenium-rich domain (residues
245–366) containing 9 selenocysteine residues. It has a single occupied O-glycosylation site.
Sepp1 isoforms terminate before the selenocysteine residues at positions 245, 263, and 352 as
indicated by ▼
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Figure 2.
Messenger RNA of rat Sepp1. The open reading frame (ORF) has 10 UGAs that code for
selenocysteine residues. The 3′utr has 2 stem loops designated SECIS 1 and 2. SECIS 2 is
postulated to decode the lone UGA in the N-terminal region while SECIS 1 decodes the other
9 UGAs [22].
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Figure 3.
Sepp1 in selenium homeostasis and transport to testis, brain, and kidney. Whole-body selenium
is controlled by selenium excretion in the urine. Sepp1 and selenium excretory metabolites
compete for metabolically available selenium in the liver, determining urinary selenium
excretion. The lipoprotein receptor apoER2 binds Sepp1 and facilitates its uptake into the testis
where selenium is incorporated into spermatozoa. ApoER2 also maintains brain selenium.
Sepp1 is filtered by the kidney into the glomerular filtrate and binds to megalin on the brush
border of PCT cells. Those cells endocytose the Sepp1 bound to megalin and presumably use
its selenium to synthesize Gpx3.
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Figure 4.
Comparison of the effects of Sepp1 deletion, selenium deficiency, and apoER2 deletion on
tissue and whole-body selenium concentrations. The Sepp1−/− and Sepp1+/+ mice (panel A)
and the apoER2−/− and apoER2+/+ mice (panel C) were fed Torula yeast-based diet
supplemented with 0.25 mg selenium/kg [38]. They were studied 4 weeks after weaning. The
selenium-deficient and control mice (panel B) were fed the Torula yeast-based diet in selenium-
deficient form or supplemented with 0.25 mg selenium/kg (control), respectively, for 18 weeks
beginning at weaning. The mice were exsanguinated and tissues were removed and weighed.
Selenium was determined in tissues, blood, and carcass [38]. Selenium values were added to
obtain the whole-body selenium. Values are means ± S.D., n=5. Values in pairs that were
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different from each other by the Student t-test have the percentage of difference indicated.
Panel C is a modification of results presented in [41], presented here with permission.
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