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Selenoprotein P: Its Structure and Functions
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Selenoprotein P (SeP: the “P” denotes its presence in plasma) is the major selenoprotein in plasma. All
selenoproteins so far reported contain one atom of selenium (Se) as selenocysteine per molecule except SeP, which
is thought to contain ten atoms of Se as selenocysteine per molecule. SeP contains 50% of the total Se in plasma. The
function of SeP is currently unknown, although several indirect lines of evidence suggest that SeP is a free radical
scavenger or Se transporter. Recently, we reported that SeP is capable of reducing phospholipid hydroperoxide in the
presence of glutathione, and characterized the enzymatic nature of SeP. SeP is also reported to function as a peroxynitrite
scavenger or cell survival factor in primary culture of neurons. In this minireview, we discuss the relationship
between the structure and function of SeP.
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INTRODUCTION

Se is an essential micronutrient, and is incorpo-
rated into proteins in the form of selenocysteine.
These proteins containing selenocysteine (Sec) are
termed selenoproteins.1) Each of the cDNA clones
of a selenoprotein contains one TGA codon, which
corresponds to UGA in mRNA, in the open reading
frame.1,2) This UGA, known formerly only as a stop
codon, encodes and directly incorporates Sec into
these selenoproteins.1,3) The Sec insertion sequence
(SECIS) element forming the stem-loop structure is
located in the 3′-untranslated region of mammalian
selenoprotein mRNA. The presence of SECIS is
necessary for the recognition of UGA as a signal for
Sec insertion (reviewed in Ref. 4, 5).

The first identified mammalian selenoprotein
was glutathione peroxidase (GPx). GPx catalyzes the
reduction of hydrogen peroxide and organic hydro-
peroxide by glutathione (GSH) and functions in the
protection of cells against oxidative damage. At least
four forms of GPx are reported to exist, and these
differ in many properties, including their localiza-
tion, subunit structure, primary structure, and enzy-
matic nature. The classical cellular GPx (cGPx),

found in the cytosol of various tissues and blood
cells, reduces hydrogen peroxide and organic hy-
droperoxides, but cannot reduce phospholipid hy-
droperoxides. A second GPx, phospholipid hydrop-
eroxide GPx (PH-GPx), is believed to be mostly
cytosolic and partly associated with mitochondria.6,7)

This enzyme is able to reduce phospholipid hydrop-
eroxide in addition to hydrogen peroxide.6–8) The
function of PHGPx is reviewed by Nakagawa in this
issue.9) A third GPx in plasma, now called extracel-
lular GPx (eGPx), is reported to reduce both hydro-
gen peroxide and phospholipid hydroperoxides.10,11)

A fourth GPx, originally called GPx-related
selenoprotein,12) is now called gastrointestinal GPx
(GI-GPx) because of its high level of expression in
the gastrointestinal tract mucosal epithelium.13) Fur-
thermore, type I, type II and type III iodothyronine
deiodinase14) and thioredoxin reductase15) were iden-
tified as selenoproteins. In all mammalian Sec-con-
taining enzymes belonging to the oxidoreductase
class, the selenocysteine residue is a catalytically
active site. Further mammalian selenoproteins with
as-yet-unidentified functions have been reported,
such as selenoprotein P (SeP) from plasma,16,17) and
selenoprotein W from rat muscle.18) All seleno-
proteins so far reported contain one atom of Se as
selenocysteine per polypeptide except SeP. The
present review will discuss the structure and func-
tion of this distinctive selenoprotein, SeP.
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Structure of SeP
Raymond Burk reported the existence of Se-con-

taining protein in rat plasma in 1973.19) Ten years
later, Motsenbocker and Tappel showed that this
protein contains Se as Sec, and named it
selenoprotein P (SeP: the “P” denotes its presence
in plasma).20) Finally, SeP has been purified from
humans and rats,21,22) via a procedure which includes
immuno-affinity chromatography, and was charac-
terized as containing 7–8 Se atoms as selenocysteine
per molecule. Until now, the cDNA of SeP and its
analog have been cloned from rat, human, bovine,
and murine cDNA libraries.23–26) The sequence of the
cloned DNA suggests that SeP contains 10 to
12 selenocysteines encoded by UGA stop codons in
the open reading frame of its mRNA, and two SECIS
elements in the 3′-untranslated region of its mRNA.
SDS-PAGE of purified human SeP revealed an ap-
parent molecular mass of 67 kDa, though a mass of
41 kDa was predicted from human SeP cDNA. This
difference is largely due to five N-glycosylation sites
predicted from cDNA and a number of O-
glycosylation sites. The presence of a signal peptide
sequence supports the fact that SeP is an extracellu-
lar protein. It is believed that SeP is mainly synthe-
sized and secreted by the liver in the same manner
as most plasma proteins.

A summary of the gross structures of three (hu-
man, rat and mouse) forms of SeP is shown in Fig. 1.
While there is only one Sec residue present per
polypeptide in all other selenoproteins, SeP contains
10 Sec residues per polypeptide. Furthermore, the
bovine SeP analogue contains 12 Sec residues per
polypeptide. Only one Sec residue is located in the
N-terminal region, while the remaining 9 Sec resi-
dues are predicted to be located in the C-terminal
third part. When this C-terminal third is compared
with the other ones, not only Sec but also Cys resi-

dues are rich and relatively well-conserved. If Sec
and Cys are considered together, an almost complete
conservation of Sec and Cys residues is indicated.
SeP has two His-rich domains; one of which includes
a run of four His residues followed by a Lys, His,
Lys for a total of seven consecutive basic amino acid
residues. Thus, SeP is rich in Sec, Cys and His, indi-
cating that SeP is capable of binding a metal via these
amino acids. Actually, SeP binds strongly to immo-
bilized nickel chelate chromatography, and is eluted
by competition with imidazole, a histidine ana-
logue.27)

Burk et al. reported the purification of SeP from
human and rat plasma21,22) using immunoaffinity
chromatography. Though Eberle and Haas purified
human SeP without immunoaffinity chromatogra-
phy, their final preparation reportedly contained
some contaminants.28) Recently, we established a
procedure for the isolation of SeP using conventional
means.27) The purified SeP yielded a single band on
sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis. The amino acid composition and amino-
terminal amino acid sequence of the final prepara-
tion is similar to those postulated for the deduced
polypeptide, confirming the homogeneity of our fi-
nal preparation. Multiple forms of rat and human
SeP are reportedly present in plasma.29,30) In the case
of rat SeP, it is known that one form (47 kDa) termi-
nates at the second UGA while the other form
(57 kDa) terminates at a UAA stop codon after all
10 UGAs have been translated as Sec.31) Incubation
of partially purified fractions results in the fragmen-
tation of human SeP, when detected by immunoblot
method (Y. Saito, unpublished observations). When
a potent serine protease inhibitor, diisopropyl
fluorophosphate, is added to the incubation mixture,
no cleavages of human SeP are observed. Further-
more, immunoprecipitation and immunoblot analy-
sis reveals that only one form of SeP is detected from
human plasma. These results indicate that some
serine proteases cleave SeP when activated in the
purification process. It is likely that SeP may be
cleaved under some pathological conditions, and
these smaller forms may function in an unknown
fashion. Only 6.3 mol of Se were found in the Se
and quantitative amino acid analysis of purified hu-
man SeP, even though 10 mol were predicted from
its cDNA. Under the same analysis conditions,
1.1 mol of Se were detected in the purified eGPx
preparation, as expected. This discrepancy was also
observed in a full-length form of SeP purified from
rat plasma.31) Further structural analysis of purified

Fig. 1. Structure of SeP from Three Species
The vertical line represents a Sec residue or a Cys residue predicted

from the human (24), rat (23) and mouse (26) cDNA sequence.
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SeP is necessary to clarify the cause of this
discripancy.

Function of SeP
Selenoproteins with known enzymatic activity

are redox enzymes, and contain selenocysteine in
their active sites. A key issue concerning SeP that
remains unresolved is its catalytic function. Previ-
ous reports show that SeP does not reduce hydrogen
peroxide in the presence of GSH.32) As we could pre-
pare a highly purified SeP without denaturation, it
apppeared worth reexamining the GPx-like activity
of SeP. First, we confirmed that SeP lacks the enzy-
matic activity of cGPx. Next, we investigated the
PH-GPx activity of SeP. We used a synthetic phos-
pholipid hydroperoxide, 1-palmitoyl-2-(13-
hydroperoxy-cis-9, trans-11-octadecadienoyl)-3-
phosphatidylcholine hydroperoxide (PLPC-OOH) as
a substrate. Using two different methods, coupled
assay and HPLC assay, it was shown that SeP re-
duces the same amounts of PLPC-OOH in the pres-
ence of GSH.27) The conversion rate (2.03 µmol per
minute per mg of protein) of PLPC-OOH to PLPC-
OH by SeP directly determined by HPLC, was equal
to that indirectly determined by coupling assay, in
which PH-GPx activity is coupled to the oxidation
of NADPH by GSH reductase. Immunoprecipitation
with monoclonal antibodies against SeP results in
the almost total loss of PH-GPx-like activity in the
supernatant of the purified preparation. This rules
out the possibility of contamination by another en-
zyme in our final preparation.

The highest level of PH-GPx activity for SeP
was observed in the presence of 0.025% Triton X-
100 and 0.3 mM deoxycholate. The addition of Tri-
ton X-100 to the assay mixture resulted in the trans-
formation of the lipid bilayer into an optically clear
solution of mixed micelles. This suggested that SeP
catalyzes a reaction at the lipid-water interface, as
in the case of PH-GPx.33) Deoxycholate reportedly
can stimulate PH-GPx activity in the presence of
Triton X-100.34) The same stimulatory effect by
deoxycholate was observed in our experiments us-
ing SeP.

A difference in peroxide specificity in the GPx
family was reported. cGPx reduces hydrogen per-
oxide and t-butyl hydroperoxide, but does not re-
duce phospholipid hydroperoxide. PH-GPx reduces
phospholipid hydroperoxide, and is also reactive
against hydrogen peroxide,6,7) while eGPx reduces
hydrogen peroxide, t-butyl hydroperoxide and phos-
pholipid hydroperoxides.10,11) We found that SeP re-

duces phospholipid hydroperoxide but has no activ-
ity against hydrogen peroxide and t-butyl hydroper-
oxide. The peroxide specificity of SeP was more
similar to that of PH-GPx than to that of cGPx or
eGPx. Approximately one-hundred-fold lower k+1

and k′+2 values were observed in human SeP as com-
pared to pig PH-GPx,33) suggesting that SeP is less
reactive to PLPC-OOH, an artificial substrate, than
is PH-GPx.

Previous reports indicated that PH-GPx, unlike
cGPx, did not exhibit a strict requirement for glu-
tathione as a reducing agent. Using SeP as an en-
zyme, we observed that 1,4-dithiothreitol has a stron-
ger activity than does glutathione. Other thiols, in-
cluding 2-mercaptoethanol, cysteine and homocys-
teine, also serve as a reductant, as is already known
in the case of PH-GPx.6,35)

The N-terminal fragment, which contains only
the first isolated Sec, is capable of reducing PLPC-
OOH in the presence of GSH (Y. Saito, unpublished
observations). Selenoproteins with enzymatic activ-
ity contain Sec in their active sites. These suggest
that the first isolated Sec might be the active site of
this enzyme.

It is currently unknown whether SeP is able to
react with certain phospholipid hydroperoxides un-
der physiological conditions. Using Se–deficient rats
supplemented with Se, it was demonstrated that SeP
appearance correlated with the disappearance of di-
quat–induced lipid peroxidation.36) Furthermore, SeP
was reportedly associated with protection against
oxidant injury from GSH depletion in the Se–defi-
cient rat.37) These in vivo studies and our in vitro re-
sults described above strongly suggest that SeP
serves to protect the plasma membrane from oxida-
tive damage in the presence of GSH. Even though
the GSH concentration in plasma is low, it is released
continuously from the cells,38) and it may represent
a significant source of reductant for the enzymatic
activity of SeP. SeP and eGPx are located in the ex-
tracellular fluids, and cGPx, PH-GPx and GPx-GI
found in the cytosol. These enzymes exhibit differ-
ent substrate specificities, and collaborate to protect
biological molecules from oxidative stress inside and
outside the cells, respectively.

It is well known that Se is essential for cell
growth culturing using serum-free medium, but not
using serum-containing medium. Serum-free culture
medium for immune cells and neuron contains in-
sulin (as a growth factor), transferrin (as an Fe sup-
plier), sodium selenite (as a Se supplier) and albu-
min. Without these compounds, cells can neither
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survive nor proliferate. This suggests the existence
of a Se supplier (or transporter) in serum. Identifi-
cation of the Se transporter is critical for understand-
ing the distribution of Se in the body. There are three
serum Se-containing proteins that are considered to
be candidates for the Se–transporter, SeP, eGPx and
albumin. SeP is present in human plasma at a con-
centration of approximately 5 µg of protein per ml.
Immunoprecipitation studies indicate that SeP con-
tains 50% of the total Se in human plasma. SeP is
also associated with the endothelial membranes of
liver, kidney and brain.39) These indicate a possible
role of SeP in the transport of Se. Motsenbocker and
Tappel proposed in 1982 that SeP is synthesized in
the rat liver and transfers Se from the liver to extra-
hepatic tissues.20) Furthermore, the presence of a cell
membrane receptor that binds SeP was demonstrated
in the rat.40) When 75Se-labeled SeP is injected into
the rat, it was shown that SeP disappeared more rap-
idly from plasma.41) Se deficiency in rat did not sig-
nificantly affect 75Se disappearance from the plasma.
At 2 h, the brain, but not other tissues, took up more
75Se in Se–deficient rats than in control rats. This
suggests that the brain has a specific uptake mecha-
nism for Se given in the form of SeP. Interestingly,
SeP has recently been reported to promote the sur-
vival of cultured rat neurons.42) Purified SeP sup-
ported neuronal survival more effectively than inor-
ganic Se. These results suggest that SeP contributes
to the neuronal survival-promoting activity of se-
rum. On the other hand, many studies suggest that
an adequate intake of Se is required to ensure opti-
mal immune functions, and that Se deficiency de-
presses the effectiveness of immune cells.43) It has
been observed that plasma Se and GSH levels are
subnormal in HIV-infected individuals.44) Under
these conditions the survival rate of AIDS patients
is reduced significantly. Taking these together, we
propose that SeP is not only an inert carrier of Se
but that it functions as a Se transporter, especially
for both neuronal and immune cells. As Se is co-
valently bound to SeP, the breakdown of SeP is nec-
essary for the release of its Se. Only 6.3 mol of Se
were detected, even though 10 mol of Se were pre-
dicted from human SeP cDNA. It is probable that
some Se in the C-terminal Sec-rich part of SeP may
be released by an unknown mechanism. We are cur-
rently in the progress of testing this hypothesis. Our
preliminary results indicate a possible role of SeP
as a Se–transporter.

Finally, recent work suggests that SeP in plasma
diminishes the oxidizing and nitrating reactivity of

peroxynitrite, a reactive intermediate formed by the
reaction of nitrogen monoxide and superoxide an-
ion.45) Due to the association of SeP with endothe-
lial membranes, it is speculated that endothelial cells
are protected against peroxynitrite toxicity by SeP.

CONCLUSION

The structure-function relationship of SeP is
shown in Fig. 2. We propose that SeP is composed
of two domains, the N-terminal domain which con-
tains one Sec residue and the C-terminal domain
containing multiple Sec residues, which is connected
with a bridge containing two His-rich regions. The
former displays enzymatic activity, reducing phos-
pholipid hydroperoxide in the presence of thiol,
while the latter may demonstrate Se carrier activity,
delivering Se to cells. Thus, SeP has a unique pro-
tein structure, and is proposed to be a multi-func-
tional protein. Further studies are required to prove
the above hypothesis and to establish the physiologi-
cal roles of this interesting protein.
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