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Abstract Selenoprotein T (SelT) is associated with the regu-
lation of calcium homeostasis and neuroendocrine secretion.
SelT can also change cell adhesion and is involved in redox
regulation and cell fixation. However, the structure and func-
tion of chicken SelT and its response to selenium (Se) remains
unclear. In the present study, 150 1-day-old chickens were
randomly divided into a low Se group (L group, fed a Se-
deficient diet containing 0.020 mg/kg Se) and a control group
(C group, fed a diet containing sodium selenite at 0.2 mg/kg
Se). The immune organs (spleen, thymus, and bursa of
Fabricius) were collected at 15, 25, 35, 45, and 55 days of
age. We performed a sequence analysis and predicted the
structure and function of SelT. We also investigated the effects
of Se deficiency on the expression of SelT, selenophosphate
synthetase-1 (SPS1), and selenocysteine synthase (SecS)
using RT-PCR and the oxidative stress in the chicken immune
organs. The data showed that the coding sequence (CDS) and
deduced amino acid sequence of SelT were highly similar to
those of 17 other animals. Se deficiency induced lower
(P<0.05) levels of SelT, SPS1, and SecS, reduced the catalase
(CAT) activity, and increased the levels of hydrogen peroxide
(H2O2) and hydroxyl radical (–OH) in immune organs. In
conclusion, the CDS and deduced amino acid sequence of
chicken SelT are highly homologous to those of various
mammals. The redox function and response to the Se defi-
ciency of chicken SelT may be conserved. A Se-deficient diet
led to a decrease in SelT, SecS, and SPS1 and induced oxida-
tive stress in the chicken immune organs. To our knowledge,

this is the first report of predictions of chicken SelT structure
and function. The present study demonstrated the relationship
between the selenoprotein synthases (SPS1, SecS) and SelT
expression in the chicken immune organs and further con-
firmed oxidative stress caused by Se deficiency. Thus, the
information presented in this study is helpful to understand
chicken SelT structure and function. Meanwhile, the present
research also confirmed the negative effects of Se deficiency
on chicken immune organs.
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Introduction

Selenium (Se) is an essential nutritional trace element [1].
According to news reports, Se has been considered a preven-
tive therapy for immune-mediated skin disease [2]. One of its
main and important functions is protection against disease
associated with increased free radical activity [3]. However,
Se deficiency has been shown to induce several diseases and
injuries, including inhibiting the immune system, neurologic
diseases, muscle disease, and epilepsy [4–6]. Animal studies
have demonstrated the importance of Se in both innate immu-
nity and adaptive immune systems [7, 8]. These studies
showed that Se deficiency could inhibit the proliferation of
T and B lymphocytes [9]. Furthermore, Se deficiency
inhibited the growth of the bursa of Fabricius and thymus
and induced atrophy and loose structure in chicks [10]. In
addition, severe Se deficiency impaired the host immune
ability, which further increased the risk of bacterial and viral
infections as well as certain types of cancers [11]. The impor-
tant role Se plays in enhancing the immune function at the
molecular level is only beginning to be understood, primarily
via the action of selenoproteins [8, 12]. However, the
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relationship between selenoproteins and the immune system
in chickens remains unclear.

Se exerts its biological effects via the incorporation as
selenocysteine into various selenoproteins. Previous stud-
ies showed that the biosynthesis of selenoproteins and
regulation by selenium levels may be associated with
selenocysteine synthase (SecS) and selenophosphate syn-
thetase (SPS) [13]. SecS was found to be required for the
biosynthesis of Sec. SecS can convert the serine attached
to transfer RNA (tRNA) [Ser] Sec to Sec [14, 15]. SPS is
incorporated into protein in all three lines of descent,
eukaryota, archaea, and eubacteria. SPS initially was
thought to play a role in selenophosphate synthesis, which
is used to synthesize selenocysteine in mammals.
Approximately 25 selenoproteins have previously been
characterized and are indicated to play crucial roles in
mammals [16]. Some of the identified selenoproteins have
been found to exhibit several functions: redox regulation,
calcium mobilization, ER stress, Se transportation, and
storage [17, 18] . However, the roles of many
selenoproteins remain unclear, including selenoprotein T
(SelT). SelT is conserved from plants to humans and
localizes to the endoplasmic reticulum [19]. Due to its
characteristics, mammalian SelT has been identified as a
member of the Rdx protein family, which shows a se-
quence similar to that of the thioredoxin-like fold and a
conserved CxxU motif [18, 20]. SelT is ubiquitously
expressed in many tissues in mice, including the liver,
kidney, spleen, intestine, brain, and heart. SelT messenger
RNA (mRNA) is highly expressed in mice immune or-
gans [21]. Although the distribution, function and struc-
ture of SelT in mammals have been well studied, studies
of the exact function of chicken SelT and the SelT ho-
mology between chickens and other animals are unfortu-
nately lacking, and the effects of Se deficiency on the
SelT mRNA expression in the immune organs of birds
remain unclear. Hence, we analyzed the homology, struc-
ture, and function of SelT. We also detected the effects of
Se deficiency on the expression of SelT, SecS, and
selenophosphate synthetase-1 (SPS1) mRNA and mea-
sured biomarkers of oxidative stress in chicken immune
organs.

Materials and Methods

Poultry and Diets

All procedures used in the present study were approved
by the Institutional Animal Care and Use Committee of
Northeast Agricultural University. A total of 150 1-day-
old chickens were randomly allocated to two groups (con-
trol group and Se-deficient group, 75 chickens each

group, each group with three replicate pens consisting of
25 chickens). Over the entire experimental period, the
chickens were allowed ad libitum consumption of feed
and water. The chickens were maintained either on a Se-
deficient diet or on sodium selenite for 55 days. The Se-
deficient diet group (L group) containing 0.02 mg Se/kg
was purchased from the Se deficiency region of
Heilongjiang Province in China. The sodium selenite diet
group (C group) containing 0.2 mg Se/kg was from
Weiwei Co. Ltd. (Harbin, China). 25 chickens per group
were euthanized at 15, 25, 35, 45, and 55 days old,
respectively (five chickens per pen per time point). The
immune tissues (spleen, thymus, and bursa of Fabricius)
were quickly removed, minced, and stored at −80 °C in
order to determine the index of oxidative stress and isolate
the RNA. The remaining tissues were used in the pre-
liminary experiment and served as standby tissues.

Determination of the SelT, SPS1, and SecS mRNA Level
by Quantitative RT-PCR

Total RNA was isolated from the tissue samples using
TRIzol reagent according to the manufacturer’s instruc-
tions (Invitrogen, China). The dried RNA pellets were
resuspended in 50μl of diethyl-pyrocarbonate-treated
water. The concentration and purity of the total RNA
were spectrophotometrically determined at 260 nm/
280 nm according to the spectrophotometer (Gene
Quant 1300/100, General Electric Company, USA).
First-strand cDNA was synthesized from 5 μg of total
RNA using oligo dT primers and superscript II reverse
transcriptase according to the manufacturer’s instructions
(Roche, USA). The synthesized cDNA was diluted five
times with sterile water and stored at −80 °C before
use.

The Primer Premier Software (PREMIER Biosoft
International, USA) was used to design primers specific to
SelT, SPS1, and SecS based on the known chicken sequences
(Table 1). Quantitative real-time PCR was performed on an
ABI PRISM 7500 Detection System (Applied Biosystems,
USA). The reactions were performed in a 20-μl reaction

Table 1 Primers used for quantitative real-time PCR of SelT, SecS, and
SPS1

Gene Number Sequence

SelT NP_001006557.3 Forward 5′-CCAGTGTATGTCAACGGGTGC-3′

Reverse 5′-CTGCTGCATGGAAGGAAGGT-3′

SecS NM001031158.1 Forward 5′-CATGAACTTGCCATAATGGAC-3′

Reverse 5′-GGATCAACCTATAGTGCCTT-3′

SPS-1 NM001164084.1 Forward 5′-CTGCTGGACTTATGCACAC-3

Reverse 5-ACACCTCATTTCGCTGCT-3′
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mixture containing 10 μl of 2× SYBR Green I PCR Master
Mix (TaKaRa, China), 2 μl of either diluted cDNA, 0.4 μl of
each primer (10 μM), 0.4 μl of 50× ROX reference dye II and
6.8 μl of PCR-grade water. The PCR procedure for SelT,
SPS1, and SecS consisted of 95 °C for 30 s followed by
40 cycles of 95 °C for 15 s, 60 °C for 30 s, and 60 °C for
30 s. The amplification efficiency for each gene was deter-
mined using the DART-PCR program [22]. The mRNA-
relative abundance was calculated according to the method

of Pfaffl [23], which accounts for gene-specific efficiencies
and was normalized to the mean expressions of SelT, SPS1,
and SecS.

Determination of Antioxidant Enzyme Activities

The tissues (thymus, spleen, and bursa of Fabricius) were
homogenised (1:10 w/v) with a glass Teflon homogenizer
(Heidolph SO1 10R2RO) in physiological saline. The

Fig. 1 Homology of nucleotide
sequences and deduced amino
acid sequences among SelT from
18 animals (%)

Fig. 2 a Phylogenetic
relationships based on the
sequences of chicken SelT and
other SelTs from 17 animals. b
Alignment of amino acid
sequences of chicken SelT with
other SelT from 17 animals
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homogenate was centrifuged at 700×g for 30 min at
4 °C to obtain the postmitochondrial supernatant for
measuring CAT activity, –OH contents, and H2O2 levels.

The catalase (CAT) activity (CAT; EC1.11.1.6) was
determined according to the method of Weissman [24].
Tris–HCl (1 M), 5 mM EDTA (pH 8.0), 10 mM H2O2,
and H2O were mixed at 37 °C, and the rate of H2O2

consumption was measured at 230 nm in order to quan-
titatively determine the CAT activity. An extinction co-
efficient of 22 for H2O2 at 230 nm was used to calcu-
late the enzyme activity. The hydrogen peroxide (H2O2)
was determined according to the method of Zhou et al.
[25]. Absorbance was recorded at 505 nm by using
microplate reader. The hydroxyl radicals (–OH) was
determined according to the method of Pascual and
Romay [26]. The absorbance was recorded at 550 nm
using visible spectrophotometer. The protein content of
the samples was measured by the method of Bradford
[27] using bovine serum albumin as the standard.

Sequence Analysis, 3D Molecular Modeling,
and Phylogenetic Analysis

The cDNA sequence and deduced amino acid sequence of
chicken SelT were analyzed using the BLAST algorithm
(http://www.ncbi.nlm.nih.gov/blast) and the Expert Protein
Analysis System (http://www.expasy.org/). The protein
domains were identified using the InterProScan program
(http://www.ebi.ac.uk/Tools/pfa/iprscan/). The 3D structure
and biological function of chicken SelT were predicted using

the I-TASSER server (http://zhanglab.ccmb.med.umich.edu/
I-TASSER/); the evolutionary and tree homology analysis
were constructed using the dnaSTAR software MegAlign
module Clustal W method.

Statistical Analysis

All data were statistically analyzed using the SPSS statistical
software for Windows (version 13; SPSS, Chicago, IL, USA).
The data were analyzed further when a significant difference
(P<0.05) was identified using a one-way analysis of variance.
All data showed a normal distribution and passed equal var-
iance testing. Differences between means were assessed using
Tukey’s honest significant difference test for post hoc multiple
comparisons. The relationship between the Se concentrations
in tissues and the abundance of SelT mRNA were assessed
using Pearson’s correlation coefficient. The data are expressed
as the mean ±standard deviation. Differences were considered
to be significant at P<0.05.

Results

Homology Analysis and Phylogenetic Analysis of Chicken
SelT

The DNA STAR softwareMegAlignmodule ClustalWmeth-
od was applied to analyze the homology of 18 species. The
amino acid sequence of chicken SelT shares 90.1 % identity

Fig. 3 The predicted secondary
structures of chicken SelT

Fig. 4 The predicted domains of
chicken SelT
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with that ofMacaca andMus musculus, while it shares 89.6%
and 88.5 % identity with Sus scrofa and Cavia porcellus,
respectively (Fig. 1).

To determine the position of the chicken SelT gene in
evolution, 18 SelT sequences from birds, mammals, and
aquatic invertebrates were analyzed to construct a phyloge-
netic tree (Fig. 2a, b). The phylogenetic analysis provided
evidence that chicken SelT is derived from a common ances-
tor with other SelT family proteins and that it is a novel
selenoprotein that differs from the SelT of mammals and
aquatic invertebrates.

Predicted Secondary Structures of Chicken SelT

Predicting the protein secondary structure is generally consid-
ered to be the first step in protein structure prediction.
Bioinformatics approaches identified the chicken SelT, and
the complete nucleotide sequence of the gene encodes 199
amino acids (Fig. 3). Helix and h (H) represents an α helix,
Sheet and e (S) represents a β fold, and Coil and c (C)
represents a random coil. The prediction of the chicken SelT
protein secondary structure indicates that the SelT model
includes a β1-α1-β2-α2-β3-β4-α3 secondary structure pat-
tern, wherein β1 and β2 are parallel strands forming a classi-
cal β1-α1-β2 motif, which is also observed in thioredoxin-
like fold proteins. Thus, SelT contains a CXXU motif. The
presence and location of the CXXU motif suggested its vari-
ous redox functions.

Predicted Domains of Chicken SelT

As shown in Fig. 4, the 44-184 aa domain of SelT is analogous
to Rdx, the 45-183 aa domain of SelT is analogous to CXXU,
and the 45-183 aa domain of SelT is like Thioredoxin-like.
Thus, SelTcontains a CXXUmotif. The domain of the CXXU
motif suggested its redox in regulation.

Predicted Spacial Structure of Chicken SelT

The 3D structure and biological function of chicken SelTwere
predicted using the I-TASSER server (Fig. 5). The N-terminal
part begins with theβ1 strand, resulting in shorter β strands in
the classical β1-α1-β2 motif with respect to SelW. Based on
the sequence data and structure data, SelT is proposed to
possess a thioredoxin-like fold and a conserved CxxU (U is
Sec) motif, suggesting a redox function.

Correlation Analysis of SecS, SPS1 mRNA Expression,
and SelT mRNA Expression in Chicken Immune Organs

As shown in Table 2, the calculations of the Pearson’s corre-
lation coefficients indicated strong correlations (P<0.05) be-
tween SecS and SelT as well as SPS1 and SelT in the bursa of

Fabricius and thymus. In contrast, the mRNA amounts of SelT
did not correlate with those of SecS and SPS1 in other organs
(P>0.05).

Effect of Se Deficiency on the mRNA Levels of SelT, SecS,
and SPS1 in Immune Organs of Chicken

The effects of Se deficiency on the mRNA levels of SelT,
SecS and SPS1 in chicken immune organs are shown in

Fig. 5 The predicted spacial structure of chicken SelT

Table 2 Correlation co-
efficients of SecS and
SPS1 with SelT in
chicken immune organs

n=3. Asterisk indicates
significance

*P<0.05

SecS SPS1

Selt

Bursa of Fabricius 0.711* 0.689*

Spleen 0.418 0.382

Thymus 0.586* 0.886*
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Figs. 6, 7 and 8, respectively. At each sampling point, the
SelT, SecS, and SPS1 mRNA levels in the immune tis-
sues of chickens that were fed the Se-deficient basal
diet were lower than those of chickens that were fed a
sodium selenite diet.

Figure 6 shows the effects of Se deficiency on the mRNA
expression of SelT, SecS, and SPS1 in the bursa of Fabricius.
Diet without supplementation of Se significantly decreased
the SelT and SPS1 mRNA relative to the C group on day 15
(P<0.05) and day 25 (P<0.01). Notably, the most significant
decrease in SelTand SPS1 among the groups was observed on
days 35, 45, and 55 in the L group (P<0.001). However, the
SecS mRNA level decreased in the L group on day 15 com-
pared to that in the C group (P<0.05), and a conspicuous
decrease is evident on days 25, 35, and 45 (P<0.001).

In the thymus (Fig. 7), the SelT, SecS, and SPS1 mRNA
levels in the L group were significantly lower at each sampling
time point. Compared with the C group, the levels of SelT,
SecS and SPS1 mRNA at the first sampling time point (day
15) in the L group were low among all groups in the present
study (P<0.01). Moreover, these mRNA levels significantly
decreased (P<0.001) in the L group after day 35.

In the spleen (Fig. 8), the SelT mRNA levels in the L group
significantly decreased on days 15 and 25 (P<0.01) compared
with the C group. The decrease in mRNA on day 35 was
greater than those on the other days (P<0.001). The levels of
SecS and SPS1 mRNA were decreased (P<0.01) on day 15
compared with the C group. Significant decreases (P<0.001)

in the levels of SecS and SPS1 mRNAwere detected in the L
group on days 25–55 compared to the C group.

Effects of Se Deficiency on CATActivity Immune Organs
of Chicken

The effects of Se deficiency on the CAT activity in immune
organs at each time point are shown in Fig. 9. The CAT
activities in the spleen and thymus of the L group chickens
were significantly lower than those of the control group
(P<0.001). This significant difference was noted on day 55.
The CAT activity in the bursa of Fabricius was also signifi-
cantly lower in the L group than in the controls on day 15
(P<0.01).

Effects of Se Deficiency on the H2O2 and –OH Levels
of Immune Organs in Chicken

The effects of Se deficiency on the –OH and H2O2 levels in
immune organs at each time point are shown in Figs. 10 and
11, respectively. The –OH and H2O2 levels in the examined
tissues of the L group chickens were significantly lower than
those of the control group at first and then significantly
increased.

In Fig. 10, Se deficiency significantly decreased the –OH
levels relative to the C group in the spleen on day 15 (P<0.05)
and day 25 (P<0.001). However, the levels of –OH were
significantly higher than those of the C group chickens after

Fig. 6 Effects of Se deficiency on the mRNA expression of SelT, SecS
and SPS1 of Bursa of Fabricius in chicken. a Result of effects of Se
deficiency onmRNA level of SelT. bResult of effects of Se deficiency on
mRNA level of SecS. c Result of effects of Se deficiency on mRNA level

of SPS1. Each value represented the mean±SD (n=3). *a–c indicate that
there are significant differences (P<0.05) between the C group and the L
group at the same time point

Fig. 7 Effects of Se deficiency on the mRNA expression of SelT ,SecS
and SPS1 of Thymus in chicken. a Result of effects of Se deficiency on
mRNA level of SelT. b Result of effects of Se deficiency on mRNA level
of SecS. c Result of effects of Se deficiency on mRNA level of SPS1.

Each value represented the mean±SD (n=3). *a–c indicate that there are
significant differences (P<0.05) between the C group and the L group at
the same time point
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day 35 (P<0.001). Compared with the C group, the –OH
levels in the L group significantly decreased on day 15
(P<0.01) and day 25 (P<0.001) in the bursa of Fabricius.
The –Se diet subsequently produced a nearly linear increase
after day 35 (P<0.01). In the thymus, the –OH levels in the L
group significantly decreased on day 15 (P<0.05) and day 25
(P<0.01) compared with the C group. Then –Se diet subse-
quently produced a nearly linear increase after day 35
(P<0.01).

Figure 11 shows that Se deficiency in the chicken signifi-
cantly decreased the level of H2O2 relative to the C group in
the spleen on day 15 (P<0.01) and day 25 (P<0.001).
However, the level of H2O2 was significantly higher than that
of the C group chickens after day 35 (P<0.001). Compared
with the C group, the H2O2 levels in the L group significantly
decreased on days 15 and 25 (P<0.001) in bursa of Fabricius.
Then –Se diet subsequently produced a nearly linear increase
after day 35 (P<0.001). In the thymus, the H2O2 levels in the
L group significantly decreased on day 15 (P<0.05) and day
25 (P<0.001) compared with the C group. Then –Se diet
subsequently produced a nearly linear increase after day 35
(P<0.001).

Discussion

Similar to its mammalian homolog, chicken SelT may play a
role in redox regulation, as defined using bioinformatics. The

coding sequence (CDS) and deduced amino acid sequence
were very similar to the SelT sequences from other animals in
the following descending order: Macaca, Mus musculus,
Pongo, Bos taurus>Sus scrofa, Canis>Cavia. In the present
study, the results showed that Se-deficiency decreased the
expression levels of SelT, SecS, and SPS1 mRNA in the bursa
of Fabricius, thymus, and spleen. The expression levels of the
three genes correlate. The similar structure and the response to
Se deficiency may indicate that roles of SelT may be con-
served in chickens.

SelTwas found to reside in the endoplasmic reticulum and
participate in the regulation of calcium homeostasis and neu-
roendocrine secretion [19]. Previous studies have shown that a
lack of SelT in mouse fibroblasts changes the cell adhesion
and enhances the expression of several oxidoreductase genes,
suggesting the involvement of SelT in redox regulation and
cell fixation [28]. Using the DNA STAR software MegAlign
module Clustal W method to analyze the homology between
chicken SelT and that of 17 other animals, we found that the
amino acid sequence of chicken SelT shares 90.1 % identity
withMacaca andMus musculus. The high homology of SelT
observed in this study indicated chicken SelT was derived
from a common ancestor. The chicken SelT was identi-
fied using the I-TASSER server, and the complete nu-
cleotide sequence of the gene encodes 199 amino acids.
The chicken SelT protein secondary structure and 3D
structure prediction indicated that the SelT model in-
cludes a β1-α1-β2-α2-β3-β4-α3 secondary structure
pattern, wherein β1 and β2 are parallel strands forming

Fig. 8 Effects of Se deficiency on the mRNA expression of SelT, SecS
and SPS1 of Spleen in chicken. a Result of effects of Se deficiency on
mRNA level of SelT. b Result of effects of Se deficiency on mRNA level
of SecS. c Result of effects of Se deficiency on mRNA level of SPS1.

Each value represented the mean±SD (n=3). *a–c indicate that there are
significant differences (P<0.05) between the C group and the L group at
the same time point

Fig. 9 Effects of Se deficiency on CAT activity of immune organs in
chicken. a Result of effects of Se deficiency on CAT activity in bursa of
Fabricius. b Result of effects of Se deficiency on CATactivity in thymus.
c Result of effects of Se deficiency on CATactivity in spleen. Each value

represented the mean±SD (n=3). *a–c indicate that there are significant
differences (P<0.05) between the C group and the L group at the same
time point
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a classical β1-α1-β2 motif. Finn L predicted that
mouse SelT possesses a thioredoxin-like fold, suggest-
ing a role for SelT in redox regulation [29]. The 3D
structure of chicken SelT was similar to that of mouse
SelT, which indicated they might exhibit similar func-
tions. This finding may guide further studies to the roles
of chicken SelT.

In the present study, we also examined the response of SelT
to Se deficiency. Our result showed that Se deficiency resulted
in decreases in the levels of SelT, SecS, and SPS1 mRNA in
immune organs, and the most sensitive organ was the bursa of
Fabricius, followed by the thymus and spleen. Yao et al. [30]
confirmed that Se deficiency correlated with the level of SelT
mRNA in the pectoral muscle. Furthermore, Huang et al. [31]
described that dietary Se-regulated SelT in chick livers and
pectoral muscles. Similar to these results, the present study
showed that the response of chicken SelT is similar to that
observed in other animals. Previous studies have shown that
the expression of selenoprotein was associated with two im-
portant enzymes, SecS and SPS [32]. Bacterial SecS is a
pyridoxal phosphate (PLP)-dependent protein that converts
the serine attached to tRNA [Ser] Sec to Se [33]. SecS is
involved in Se metabolism and the biosynthesis of Sec or
insertion into protein. SPS1 and SPS2 are two genes initially
thought to play a role in selenoprotein synthesis in mammals
[34, 35]. Previous studies have shown that the levels of Se
could influence the expression of these selenoprotein synthe-
sis enzymes. Sun et al. [32] reported that high Se level upreg-
ulated the mRNA expression of SecS but not SPS1 in the

livers of avian species. This study also showed that the mRNA
levels of SecS were slightly enhanced by adding Se to the diet,
but this addition had little effect on SPS1 in the pancreatic
tissue of birds [34]. Yao et al. [30] indicated that Se deficiency
affected the levels of SecS and SPS1 inmuscles, which further
influenced the mRNA levels of SelN, SelT, SelK, and SelS. To
examine whether Se deficiency also influenced the levels of
these crucial enzymes in chicken immune organs, we mea-
sured the expression of SecS and SPS1 in chicken immune
organs. Furthermore, we analyzed the correlation of these
enzymes with SelT. The results showed that Se deficiency
decreased the expression of SecS and SPS1 in immune tissue.
However, in the present study, the results showed that Se
deficiency decreased the expression of SecS and SPS1 in the
immune tissue. Similar to previously published results, Se
deficiency can reduce the expression of SecS. However,
SPS1 levels were significantly lower than C group induced
by selenium deficiency in chicken immune organs, which is
different from that of the previous studies. The effect of Se on
the levels of these enzymes may depend on the animal or
organs. The studies have also demonstrated that the presence
of the two selenoprotein synthetases (SecS and SPS1) has a
potential synergistic effect in the immune organs. The de-
creased levels of these crucial enzymes, SecS and SPS1,
may also influence the levels of selenoproteins [36] and
further cause oxidative damage. Thus, the effect of Se on the
levels of these enzymes depends on the animals or organs.

SelT was knocked down in murine cells, which enhances
the expression of several oxidoreductase genes, indicating the

Fig. 10 Effects of Se deficiency on –OH activity of immune organs in
chicken. a Result of effects of Se deficiency on –OH activity in bursa of
Fabricius. b Result of effects of Se deficiency on –OH activity in thymus.
c Result of effects of Se deficiency on –OH activity in spleen. Each value

represented the mean±SD (n=3). *a–c indicate that there are significant
differences (P<0.05) between the C group and the L group at the same
time point

Fig. 11 Effects of Se deficiency on content of H2O2 of immune organs in
chicken. a Result of effects of Se deficiency on content of H2O2 in bursa
of Fabricius. b Result of effects of Se deficiency on content of H2O2 in
thymus. c Result of effects of Se deficiency on content of H2O2 in spleen.

Each value represented the mean±SD (n=3). *a–c indicate that there are
significant differences (P<0.05) between the C group and the L group at
the same time point
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involvement of SelT in redox regulation [28]. SelT may serve
as an oxidoreductase to eliminate free radicals. In addition, Se
can reduce the accumulation of free radicals and enhance
antioxidant enzyme activities [3]. The measurement of bio-
markers of oxidative stress is a well-established method to
assess the extent of oxidative damage by free radicals [37].
The major antioxidant enzymes include superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GSH-Px)
[38], and the lipid peroxidations include malondialdehyde
(MDA), –OH, and H2O2. Many studies have been related to
the relationship between selenium and oxidative stress. For
instance, SelW siRNA-transfected cells were more sensitive
to the oxidative stress induced by treatment with H2O2 [39].
The overexpression of SelW cells markedly decreased the
sensitivity to H2O2-induced oxidative stress [40]. Zhang
et al. [41] demonstrated that a low-Se diet caused a decrease
in the activities of SOD and GSH-Px of chicken immune
organs as well as an increase in the MDA contents and then
confirmed the negative effects of oxidative stress on the
immune functions. CAT activity changes in the immune or-
gans of Se-deficient chickens have not yet been reported; thus,
the measurements from our study can be used to determine the
CATactivity. CAT is one of the most important enzymes of the
cell antioxidant defense system [42]. A decreased CAT activ-
ity indicates an increased generation of oxygen free radicals
and related tissue damage, which is consistent with Se-GPx.
Numerous oxidases produce reactive oxygen intermediates,
which include H2O2 and –OH [43]. This scavenging of H2O2

is important, because falling to scavenge, this species may
yield –OH, which can result in the nonspecific oxidation of
DNA and protein [44]. H2O2 is extensively referred to as one
of the major oxidative stimuli in antioxidation [43]. Recent
studies have shown that H2O2 impairs cell membranes and the
nucleus in neuronal cells, such as PC12. The activities of
certain antioxidant enzyme also decrease, such as CAT. CAT
prevents mitochondrial permeability transitions by removing
H2O2 in mitochondria. The relationship between the CAT and
H2O2 is antagonistic, and H2O2 can induce oxidative damage.
In agreement with previous reports, the present research indi-
cated that the H2O2 and –OH levels increased in response to
Se deficiency in chicken immune organs after day 35. CAT
partially inhibited the concentration increase of H2O2. As the
activity of CAT decreased, the contents of H2O2 increased.
The released H2O2 is readily converted into highly toxic –OH
via the Fenton reaction [45]; thus, both the levels of H2O2 and
–OH increased. Our results are in good agreement with pre-
vious reports mentioned above. However, their levels ap-
peared to decrease at first, which suggests compensatory
responses.

In conclusion, the data suggested that the CDS and de-
duced amino acid sequence of chicken SelTwere very similar
to the sequences of 17 other species. Similar to its mammal
homology, the redox regulation function and response to the

Se deficiency of chicken SelT may be conserved. In addition,
the strong correlation of SecS and SPS1 with the expression of
SelT was conserved in the bursa of Fabricius and the thymus
but not in the spleen. Thus, SecS and SPS1 may play similar
roles in chicken immune organs. Furthermore, the response of
chicken SelT to Se deficiency may be related to the levels of
SecS and SPS1. Moreover, Se deficiency increased the lipid
peroxidation levels and reduced the CAT activity in the im-
mune organs of chickens. To our knowledge, this is the first
report of predictions of chicken SelT structure and function.
The present study demonstrated the relationship between the
selenoprotein synthases (SPS1, SecS) and SelT expression in
the chicken immune organs and further confirmed oxidative
stress caused by Se deficiency. Thus, the information present-
ed in this study is helpful to understand chicken SelT structure
and function. Meanwhile, the present research also confirmed
the negative effects of Se deficiency on chicken immune
organs.
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