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Expression analysis of mammalian selenocysteine lyase
Suguru Kurokawa, Hisaaki Mihara, Tatsuo Kurihara, and Nobuyoshi Esaki
Institute for Chemical Research, Kyoto University

Abstract Selenium (Se) is an essential trace element of mammals and plays important roles in the form of
selenocysteine residues in selenoproteins. Selenocysteine lyase (SCL) specifically catalyzes the decomposition of
L-selenocysteine into Se and 1-alanine and is proposed to function as a Se delivery protein to selenophosphate synthetase in
selenoprotein biosynthesis. However, the physiological role of SCL has not been established. In this study, the expression
levels of SCL in various tissues of Se-deficient/supplemented mice were studied. We also examined effect of oxidative
stress or excess sodium selenite on the expression of SCL by western blot analysis. Expression levels of SCL were not
significantly changed by Se status in many tissues. However, the levels of SCL in the stomach of 7 out of 8 mice fed a
Se-supplemented diet were markedly lower than those of mice fed a Se-deficient diet. By the administration of 1 mg/kg

sodium selenite, the expression levels of SCL were elevated in stomach of the mice fed a Se-supplemented diet. This is the
first report demonstrating the possible existence of a Se-dependent regulation system for SCL.
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Introduction

Selenium (Se) is an essential trace element of many
organisms, including humans. Deficiency of Se is related to
cancer [1], cardiovascular diseases [2], neural diseases [3],
rheumatoid arthritis and immune disorders [4]. Se 1s
incorporated into proteins in the form of selenocysteine
residue [5-7]. Selenocysteine lyase (SCL) specifically
catalyzes the decomposition of L-selenocysteine into Se
and L-alanine and is proposed to function as a selenium
delivery protein to selenophosphate synthetase in
selenoprotein biosynthesis [8-11]. Previously, we reported
¢DNA cloning and characterization of SCL from mouse
liver [9]. The enzyme shows high substrate specificity
towards L-selenocysteine and mainly localizes to liver,
kidney, testis, spleen, and brain. The distribution pattern of
the enzyme is similar to that of selenophosphate synthetase,
supporting the idea that SCL and

synthetase may cooperate with each other to function in

selenophosphate

selenoprotein biosynthesis. However, in vivo relevance of
SCL to Se metabolism has not been established. Expression
of many enzymes is regulated by their substrates, products
or metabolically related compounds. Thus, experiments
were conducted to test whether expression of SCL is
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affected by Se deficiency or administration of sodium
selenite. Several selenoproteins function as anti-oxidant
proteins, and metabolism of Se is thought to be regulated
by the oxidative status. To investigate whether changes in
the oxidative status affect the function of SCL, the effect of
free-radical generating lipopolysaccharide (LPS) on SCL

expression was also monitored.

Materials and Methods

Weaning female C57BL/6 mice (3weeks old) were
purchased from Shimizu Laboratory Supplies Co. Ltd. One
group (n = 12) was fed a Se-deficient diet, and another (n =
12) was fed a Se-supplemented diet containing 0.4 ppm
sodium selenite as a Se source. After 6 months, 1 mg/kg
sodium selenite in saline was administered orally to
Se-deficient mice (n = 3) and Se-supplemented mice (n =
3). Another group of Se-deficient mice (n = 3) and
Se-supplemented mice (n= 3) was injected intraperitoneally
with 1 mg/kg Escherichia coli LPS. Twenty-four hours
after administration, mice were killed by vertebral
dislocation and decapitation. The liver, brain, stomach and
spleen were immediately excised, and the brain tissues
(cerebrum, midbrain and cerebellum) were dissected. The
tissues were immediately frozen in liquid nitrogen and
stored at -80°C until use. The tissues were homogenized
with a glass-Teflon homogenizer in 50 mM KPB (pH 7.0)
containing a protease inhibitors cocktail (Roche), and the
homogenates were centrifuged at 10,000 rpm for 30 min at



4°C to obtain the supernatants. Protein was determined
with a dye-binding assay kit (Nacalai Tesque) by following
a manufacturer’s instruction with bovine serum albumin as
a standard. An antiserum against SCL was prepared as
described previously [9]. Western blot analysis was
performed by established procedures [12]. Briefly, equal
amounts of total protein were loaded and separated on
sodium dodecyl sulfate (SDS)-12.5% polyacrylamide gels
and then transferred to PVDF membranes. Membranes
were dried and washed in 1x Tween (0.1%)-Tris-buffered
saline three times for 5 min each. Primary antibodies
diluted 1:10000 in 5% skim milk were allowed to incubate
at 4°C. After
incubated with horseradish peroxidase (HRP)-conjugated

overnight washing, membranes were
secondary antibody (Cell Signaling Technology) diluted
1:50000 in 5% skim milk. Subsequently, membranes were
washed and incubated with a chemiluminescence substrate
(ECL plus, Amersham) at room temperature for 5 min. The
blots were then visualized with a chemiluminescent
detection system (ECL plus, Amersham) as described by

the manufacturer.

Results and Discussion

Expression level of SCL in the tissues of the normal and
the Se-deficient mice—Expression levels of SCL in the
cerebrum of the Se-deficient mice were similar to those of
the Se-supplemented mice. Our previous study indicated
that mRNA expression levels of cellular glutathione
peroxidase (Gpx 1), gastrointestinal glutathione peroxidase
(Gpx2), cytosolic thioredoxin reductase (TR1), type 2
tritodothyronine deiodinase (DI2) and selenophosphate
synthetase 2 (SPS2) were increased by Se deficiency [12].
Therefore, 1t is likely that the regulation of SCL expression
may be different from those selenoproteins in cerebrum.
Also in midbrain, cerebellum and spleen, SCL expression
levels were not significantly different between the
Se-deficient mice and the Se-supplemented mice. In
contrast, the expression level of SCL in the liver of the
Se-supplemented mice were slightly lower than those of the
Se-deficient mice. To our surprise, remarkable difference

in the SCL expression levels was observed in the stomach.

The levels of SCL in 5 out of 6 Se-deficient were very high.

However, the expressions of SCL in 4 out of 5
Se-supplemented mice were almost completely repressed.
This is consistent with our previous observation that the
expression level of SCL in stomach is markedly lower than
liver and spleen in mice fed a Se-adequate diet [9]. These
results suggest that SCL expression may be induced under
Se deficiency in stomach. The gastrointestinal tract is

particularly susceptible to reactive oxygen species which
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Fig. 1. Western blot analysis of SCL in mouse tissues.

Tissue extracts from mouse (cerebrum, midbrain, cerebellum, liver,
spleen, stomach) were subjected to 12.5% SDS-PAGE, blotted onto a
polyvinylidene difluoride membrane, and analyzed with a polyclonal
anli-SCL antibody. Each lane was loaded with 25 ug of protein. ‘N’
indicales the mice fed a Se-supplemented diet, ‘D" indicates the mice
fed a Se-deficient dict. Samples indicated by ‘+ were obtained [Tom
mice administrated 1 mg/kg sodium selenite (left) or 1 mg/kg LPS
(right).

lead to carcinogenesis. An important role in defense
strategy against reactive oxygen species is played by
antioxidants including glutathione. Gpx2 is exclusively
expressed in the gastrointestinal tract in rodents [13].
Interestingly, Gpx2 mRNA levels increase during selenium
deficiency, whereas Gpx1 mRNA levels markedly decrease
[13]. Thus, the metabolism of Se in stomach may be
different from other tissues. A specialized Se metabolism
in stomach may be related to the stomach-specific
regulation of the expression of SCL in response to Se
status.

Expression level of SCL in the tissues of the normal and
the Se-deficient mice administrated excess sodium
selenite— An excess amount of sodium selenite (1 mg/kg)
was administrated to mice which were fed a Se-deficient
diet or a Se-supplemented diet for 6 months. The SCL
expression levels of midbrain and spleen of the
Se-supplemented/selenite-administrated mice were slightly
lower than those of the Se-supplemented mice. However,
the excess selenite did not affect the SCL levels of
midbrain and spleen of Se-deficient mice. The levels of

SCL in  the
Se-supplemented/selenite-administrated mice was higher

liver of 2 out of 3
than the levels of the Se-supplemented mice, although
some individual differences were observed. Interestingly,
we observed the expression of SCL in the stomach of the
Se-supplemented/selenite-administrated mice. This result
indicates that excess selenite may strongly induce the
expression of SCL in stomach. The result that both the
long-term Se deficiency and the refeeding of excess sodium
selenite induced the SCL expression may indicate that the
expression of SCL is indirectly regulated by Se status or
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the expression of SCL is repressed in a certain range of Se
concentration.

Expression level of SCL in the tissues of the normal and
the Se-deficient mice administrated LPS—Macrophages
activated by microbial LPS produce bursts of nitric oxide
and reactive oxygen species [14]. Redox protection systems
are essential for the survival of the macrophages since the
nitric oxide and reactive oxygen species can be toxic. We
investigated the effect of oxidative stress induced by LPS
[15] on the expression of SCL with respect to Se status. At
sixteen hours after administration of LPS, mice produced
shaking behavior. One Se supplemented mouse died 2
hours later. SCL expression levels in cerebrum and
cerebellum of the LPS-administrated mice were lower than
those of the mice without administration of LPS. In
contrast, the level of SCL in the liver and the spleen of the
Se-supplemented/LPS-administrated mice were slightly
higher than those of the Se-supplemented mice. In contrast
to that the Se-supplemented/selenite-administrated mice
of SCL,
LPS-administrated mice did not produce SCL. The result
indicates that oxidative stress induced by LPS does not

contain  high level the Se-supplemented/

affect the expression of SCL in stomach, and therefore, the
induction of SCL levels by the administration of excess
sodium selenite may be due to a specific response rather
than the general stress response which can be produced by
reactive oxygen species.

Although the physiological relevance of the expression
level of SCL to Se status remains to be solved, this study
demonstrated for the first time the possible existence of a
Se-dependent regulation system for SCL.
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