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Abstract Selenium (Se) is an essential trace element in many
life forms due to its occurrence as selenocysteine (Sec) residue
in selenoproteins. However, little is known about the expres-
sion pattern of selenoproteins in the liver of layer chicken. To
investigate the effects of Se deficiency on the mRNA expres-
sions of selenoproteins in the liver tissue of layer chickens, 1-
day-old layer chickens were randomly allocated into two
groups (n=120/group). The Se-deficient group (−Se) was
fed a Se-deficient corn–soy basal diet; the Se-adequate group
as control (+Se) was fed the same basal diet supplemented
with Se at 0.15 mg/kg (sodium selenite). The liver tissue was
collected and examined for mRNA levels of 21 selenoprotein
genes at 15, 25, 35, 45, 55, and 65 days old. The data indicated
that the mRNA expressions of Gpx1, Gpx2, Gpx3, Gpx4,
Sepn1, Sepp1, Selo, Sepx1, Selu, Txnrd1, Txnrd2, Txnrd3,
Dio1, Dio2, SPS2, Selm, SelPb, Sep15, and Sels were de-
creased (p<0.05), but not the levels of Dio3 and Seli
(p>0.05). The results showed that the mRNA levels of 19
selenoprotein (except Seli and Dio3) genes in the layer

chicken liver were regulated by diet Se level. The present
study provided some compensated data about the roles of Se
in the regulation of selenoproteins.
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Introduction

Selenium (Se) is an essential micronutrient and plays an
important role in biological functions in human and many
other species [1]. It was indicated that Se plays important
roles in chemoprevention, neurobiology, immune functions,
muscle metabolism, reproduction, redox reactions, and many
other aspects of health [2–4]. However, Se deficiency induces
a number of diseases and injuries in chickens including skel-
etal myodegeneration, vascular lesions and hemorrhages in
muscles, exudative diathesis (ED), pancreatic atrophy, re-
duced egg production, liver injury, decreased hatchability,
and inhibited bursal and thymic growth [5, 6]. As indicated
in previous studies, the liver is one target organ of Se defi-
ciency, and the Se level could affect the function and structure
of the liver.

The biological functions of Se are primarily implemented
through its presence in selenoproteins [7, 8]. And 25
selenoprotein genes in human and chicken; 24 selenoprotein
genes in mice, rat, and frog; and 38 selenoprotein genes in
zebrafish have been identified [9]. It was indicated that these
selenoproteins reserve kinds of functions [10] and are essen-
tial for the normal growth, development, and metabolism of
many organisms [11, 12]. Selenoproteins are extensively
expressed in animals. It was showed that there are 17
selenoproteins are all expressed in the liver, testis, thyroid,
and pituitary of pigs [13]. Selenoproteins, such as GPxs, are
found to express in the liver, kidney, and muscle in rats [14];
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Selw and SelN are expressed in kinds of tissues in chicken,
especially inmuscles [15, 16]. In addition, the levels of several
selenoproteins are modulated by the levels of dietary Se in
chicken different tissues. Se-deficient could influence the
mRNA levels of Selw in chicken pancreatic and gastrointes-
tinal tract tissue (glandular stomach, gizzard, duodenum,
small intestine, and rectum) [6, 11]. And dietary Se deficiency
decreased the mRNA levels of seven common selenoprotein
genes (Gpx1, Gpx4, Sepw1, Sepn1, Sepp1, Selo, and Selk) in
broiler chicken muscle and liver [5]. These valuable data
showed that the expression pattern of selenoproteins and the
effect of Se on the level of these selenoproteins varied from
different tissues and species. Although dietary Se could regu-
late the expression of several selenoproteins in chicken liver
tissue, the expression pattern of complete selenoproteins (ex-
cept SelW, SelN, and SelT) in layer chicken liver has not been
reported yet, and the effect of dietary Se on the expression of
selenoproteins genes is unclear. In the present study, we
examined the expression levels of 21 selenoproteins and de-
tected the effect of dietary Se deficiency on the mRNA levels
of selenoproteins in layer chicken liver.

Materials and Methods

Birds and Diets

Two hundred and forty 1-day-old ISA layer chickens were
purchased from Weiwei Co. Ltd. (Harbin, China) and were
randomly allocated into two groups (Se deficiency group and
the control group). Each treatment was replicated five times
with 24 chickens each. The Se-deficient group (−Se) was fed a
Se-deficient corn–soy basal diet (corn and soy were produced
in the Se-deficient region of Heilongjiang Province, China,
and the diet contained 0.03 mg of Se/kg). The Se-adequate
group as control group (+Se) was fed the same basal diet
supplemented with Se at 0.15 mg/kg (sodium selenite). The
feeding experiment lasted for 65 days and the experimental
animals were given free access to feed and water. All animals
were checked daily and body weights of birds were recorded
weekly. All procedures used in this experiment were approved
by the Institutional Animal Care and Use Committee of
Northeast Agricultural University. On 15, 25, 35, 45, 55,
and 65 days, chicken livers were collected from individual
chickens after euthanized with sodium pentobarbital. The
tissues were rinsed with ice-cold sterile deionized water, fro-
zen immediately in liquid nitrogen, and stored at −80 °C until
analysis.

Quantification of Selenoproteins mRNA

Total RNA of chickens tissues (50 mg tissue; n=5/diet group)
was isolated by using a Trizol reagent according to the

manufacturer’s instructions (Invitrogen, China). The dried
RNA pellets were resuspended in 50 μl of diethyl
pyrocarbonate-treated water. The concentration and purity of
the total RNAwere determined spectrophotometrically at 260/
280 nm. First-strand cDNAwas synthesized from 5 μg of total
RNA using oligo dT primers and Superscript II reverse tran-
scriptase according to the manufacturer’s instructions
(Invitrogen, China). Synthesized cDNAwas diluted five times
with sterile water and stored at −80 °C before use.

After quantification, the expression levels of selenoproteins
genes were determined by the technology of Real-time quan-
titative reverse transcription PCR by using SYBR Premix
ExTaq TM (Takara, China), and real time PCR system was
ABI PRISM 7500 real-time PCR system (Applied
Biosystems). The PCR primers (Table 1) were designed using
Oligo Primer Analysis software (version6.0) and synthesized
by Invitrogen (Shanghai, China).

Reactions were consisted of the following: 10 μl of 2×
SYBR Green I PCR Master Mix (TaKaRa, China), 0.4 μl of
50× ROX reference Dye II, 0.4 μl of each primer (10 μM),
2 μl of either diluted cDNA, and 6.8 μl of PCR-grade water.
The PCR procedure for selenoproteins and GAPDH consisted
of 95 °C for 30 s followed by 40 cycles at 95 °C for 15 s and
60 °C for 30 s. Results (fold changes) were expressed as
2−ΔΔCt in which

ΔΔCt ¼ Ctselenoprotein−CtGAPDH
� �

t
− Ctselenoprotein−CtGAPDH
� �

c
;

where Ct selenoprotein and Ct GAPDH are the cycle thresholds for
chicken selenoproteins and GAPDH genes in different treated
groups, respectively, t is the Se-deficiency group, and c is the
control group (Se-adequate group).

Statistical Analyses

Data were performed using SPSS forWindows system (SPSS,
Chicago, IL, USA). Data are expressed as the mean ± standard
deviation. All data showed a normal distribution and passed
equal variance testing. Differences between means were
assessed using two-tailed paired Student’s t test. p<0.05 was
considered statistically significant.

Results

The mRNA levels of 21 selenoprotein genes in layer
chickens’ liver were detected in both Se-adequate group and
Se-deficient group (Table 2). At day 15, the mRNA levels of
14 selenoprotein genes (Gpx2, Gpx3, Gpx4, Txnrd1, Txnrd3,
Dio1, Sepp1, Selpb, Selh, Selm, Selo, Sels, Sepx1, and Selu)
were lower in the −Se group than in the +Se group (p<0.05);
the −Se chickens had about 18.14–80 % lower (p<0.05)
mRNA levels of selenoproteins than those of +Se chickens.
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However, the mRNA level of Sep15 was increased (28.4
times) in the −Se group than that in the +Se group (p<0.05),
and there was no effect of Se deficiency on the expression of

Gpx1, Txnrd2, Dio2, Dio3, SPS2, and Seli (p>0.05). It was
showed that 15 selenoprotein genes were regulated by Se
deficiency.

At day 25, when compared with the control group, a
significant decrease in the levels of 16 selenoprotein genes
(Gpx1, Gpx2, Gpx3, Gpx4, Txnrd1, Txnrd3, Dio1, SPS2,
Sepp1, Selpb, Selh, Selm, Sels, Selo, Sepx1, and Selu) was
observed in Se deficiency group (p<0.05). Among these
decreased selenoproteins, Sels was reduced by 75.1 % com-
pared with the control. And Sep15 was still increased (82.9
times) in the −Se group than in the +Se group (p<0.05). And
there was no significant difference between the −Se group and
+Se group in the mRNA levels of Seli, Txnrd2, Dio2, and
Dio3 (p>0.05).

At day 35, the mRNA levels of Sep15 was still increased
(5.4 times) in the −Se group than in +Se group (p<0.05), and
the mRNA levels of Seli, Dio2, and Dio3 were not influenced
by Se deficiency (p>0.05). In addition, the mRNA levels of
other selenoprotein genes were decreased by 22.96–76.2 %
(Sels) in the −Se group (p<0.05). It showed that the number of
selenoproteins that were influenced by Se deficiency was
raised along with the extension of time.

At day 45 (Fig. 1), the mRNA levels of 18 selenoprotein
genes (Gpx1, Gpx2, Gpx3, Gpx4, Txnrd1, Txnrd2, Txnrd3,
Dio1, Dio2, SPS2, Sepp1, Selpb, Selh, Selm, Selo, Sels,
Sepx1, and Selu) were decreased by 40.8–88.78 % in the
−Se group (p<0.05), whereas the mRNA level of Sep15 was
still increased in the −Se group (p<0.05). And there was no
significant difference between the −Se group and +Se group in
the mRNA levels of Seli and Dio3 (p>0.05).

At day 55 (Fig. 2), the mRNA levels of all selenoprotein
genes (except Seli and Dio3) were decreased (34.33–87.52 %)
in the −Se group than (p<0.05). At this time point, the mRNA
level of Sep15 was decreased by Se deficiency, which was
different from the former time points. In addition, at day 65,
the tendency of mRNA expressions of 21 selenoprotein genes
was similar to that at 55 days. It indicated that the effect of Se
deficiency on the expression of selenoproteins was affected by
the extent of feeding time (data not shown) .

Discussion

The liver is primarily responsible for nutrient homeostasis by
regulating protein, carbohydrate, and fat metabolism [17]. Se
plays an important role in normal physiology in a wide range
of species, including birds. Poultry Se deficiency results in
slow growth and development, reduced egg production, de-
creased hatchability, pancreatic degeneration, nutritional mus-
cular dystrophy, and morphology damage and change of GPx
activity in the liver [18, 19]. In recent years, some studies
showed that physiological functions of Se are considered to be
mediated through selenoproteins [5, 20, 21]. However, there

Table 1 Primers used for quantitative real-time PCR

Target gene Primer sequence (5′–3′)

Gpx1 Forward 5′-ACGGCGCATCTTCCAAAG-3′

Reverse 5′-TGTTCCCCCAACCATTTCTC-3′

Gpx2 Forward 5′-ATCGCCAAGTCCTTCTACGA-3′

Reverse 5′-ACGTTCTCGATGAGGACCAC-3′

Gpx3 Forward 5′-CCTGCAGTACCTCGAACTGA-3′

Reverse 5′-CTTCAGTGCAGGGAG GATCT-3′

Gpx4 Forward 5′-CTTCGTCTGCATCATCACCAA-3′

Reverse 5′-TCGACGAGCTGAGTGTAATTCAC-3′

Txnrd1 Forward 5′-TACGCCTCTGGGAAATTCGT-3′

Reverse 5′-CTTGCAAGGCTTGTCCCAGTA-3′

Txnrd2 Forward 5′-GCTCTTAAAGATGCCCAGCACTAC-3′

Reverse 5′-GAACAGCTTGAGCCATCACAGA-3′

Txnrd3 Forward 5′-CCTGGCAAAACGCTAGTTGT G-3′

Reverse 5′-CGCACCATTACTGTGACATCTAGAC-3′

Dio1 Forward 5′-GCGCTATACCACAGGCAGTA-3′

Reverse 5′-GGTCTTGCAAATGTCACCAC-3′

Dio2 Forward 5′-ATTTGCTGATCACGCTTCAG-3′

Reverse 5′-GCTCAGAAACAGCACCATGT-3′

Dio3 Forward 5′-CTGTGCATTCGCAAGAAGAT-3′

Reverse 5′-GCCGACTTGAAGAAGTCCAG-3′

SPS2 Forward 5′-CGTTGGGTATCGGAACTGAC-3′

Reverse 5′-CGTCCACCAGAGGGTAGAAA-3′

Sepp1 Forward 5′-CCAAGTGGTCAGCATTCACATC-3′

Reverse 5′-ATGACGACCACCCTCACGAT-3

SelPb Forward 5′-AGGCCAACAGTACCATGGAG-3′

Reverse 5′-GTGGTGAGGATGGAGATGGT-3′

Sep15 Forward 5′-ACTTGGCTTCTCCAGTAACTTGCT-3′

Reverse 5′-GCCTACAGAATGGATCCAACTGA-3′

Selh Forward 5′- CATCGAGCACTGCCGTAG-3′

Reverse 5′-GACACCTCGAAGCTGTTCCT -3′

Seli Forward 5′-TGCCAGCCTCTGAACTGGAT-3′

Reverse 5′-TGCAAACCCAGACATCACCAT-3′

Selm Forward 5′-AAGAAGGACCACCCAGACCT-3′

Reverse 5′-GCTGTCCTGTCTCCCTCATC-3′

Selo Forward 5′-CCAGCGTTAACCGGAATGAT-3′

Reverse 5′-ATGCGCCTCCTGGATTTCT-3′

Sels Forward 5′-GCCTGCGTCGCCATCTATCTCA-3′

Reverse 5′-TTCTGCCTTCGCTTCTGTTCTTCAA-3′

Sepx1 Forward 5′-TGGCAAGTGTGGCAATGG-3′

Reverse 5′-GAATTTGAGCGAGCTGCTGAAT-3′

Selu Forward 5′-GATGCTTTCAGGCTTCTTCC-3′

Reverse 5′-CTGTCTTCCTGCTCCAATCA-3′

GAPDH Forward5′-AGAACATCATCCCAGCGT-3′

Reverse5′-AGCCTTCACTACCCTCTTG-3′
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Table 2 Effects of dietary Se deficiency on liver relative mRNA abundance of selenoprotein genes in chickens

Gene Group Relative mRNA level and p value

15 days 25 days 35 days 45 days 55 days 65 days

Gpx1 +Se 1.000±0.000 1.000±0.000* 1.000±0.000* 1.000±0.000* 1.000±0.000* 1.000±0.000*

−Se 0.802±0.080 0.748±0.033 0.623±0.062 0.592±0.022 0.514±0.071 0.472±0.062

p 0.303 0.008 0.005 0.035 0.001 0.0007

Gpx2 +Se 0.748±0.092* 0.701±0.102* 0.603±0.053* 0.467±0.052* 0.360±0.044* 0.235±0.024*

−Se 0.314±0.022 0.273±0.020 0.191±0.020 0.179±0.010 0.101±0.036 0.077±0.005

p 0.039 0.02 0.0018 0.0122 0.0407 0.0012

Gpx3 +Se 1.242±0.107* 1.223±0.108* 1.241±0.127* 1.226±0.065* 1.166±0.117* 1.123±0.087*

−Se 0.626±0.062 0.646±0.023 0.447±0.056 0.341±0.108 0.255±0.025 0.194±0.020

p 0.032 0.017 0.009 0.003 0.038 0.0002

Gpx4 +Se 1.137±0.107* 1.474±0.105* 1.361±0.145* 1.148±0.084* 0.997±0.068* 0.918±0.096*

−Se 0.639±0.066 0.676±0.061 0.535±0.0517 0.411±0.0407 0.38±0.03 0.284±0.021

p 0.036 0.043 0.032 0.008 0.008 0.003

Txnrd1 +Se 1.961±0.145* 1.529±0.128* 1.462±0.063* 1.693±0.160* 1.133±0.136* 1.032±0.129*

−Se 0.824±0.072 0.724±0.086 0.544±0.089 0.473±0.044 0.425±0.035 0.207±0.051

p 0.012 0.047 0.013 0.019 0.007 0.015

Txnrd2 +Se 0.140±0.029 0.125±0.028 0.135±0.028* 0.180±0.065* 0.158±0.024* 0.164±0.014*

−Se 0.123±0.009 0.111±0.035 0.104±0.032 0.052±0.007 0.045±0.018 0.042±0.012

p 0.455 0.996 0.015 0.003 0.0001 0.008

Txnrd3 +Se 1.046±0.108* 1.115±0.113* 1.103±0.069* 1.118±0.111* 0.877±0.127* 0.678±0.065*

−Se 0.370±0.036 0.353±0.046 0.305±0.030 0.295±0.028 0.261±0.055 0.223±0.080

p 0.008 0.006 0.006 0.002 0.004 0.002

Dio1 +Se 1.564±0.351* 1.421±0.147* 1.341±0.132* 1.330±0.105* 1.265±0.049* 0.984±0.090*

−Se 1.211±0.064 1.165±0.124 0.923±0.067 0.85±0.142 0.480±0.038 0.441±0.157

p 0.011 0.047 0.046 0.03 0.026 0.030

Dio2 +Se 0.334±0.039 0.351±0.025 0.367±0.268 1.059±0.109* 1.018±0.119* 0.863±0.085*

−Se 0.254±0.026 0.273±0.046 0.35±0.042 0.356±0.031 0.309±0.043 0.243±0.093

p 0.22 0.125 0.264 0.006 0.032 0.0001

Dio3 +Se 0.357±0.026 0.413±0.034 0.47±0.068 0.248±0.036 0.193±0.161 0.163±0.021

−Se 0.219±0.031 0.034±0.024 0.183±0.017 0.129±0.025 0.105±0.041 0.098±0.003

p 0.124 0.128 0.153 0.35 0.312 0.075

SPS2 +Se 1.196±0.014 1.235±0.015* 1.478±0.132* 0.871±0.089* 0.821±0.090* 0.740±0.030*

−Se 0.846±0.019 0.751±0.021 0.641±0.056 0.420±0.025 0.201±0.064 0.177±0.015

p 0.215 0.014 0.016 0.049 0.002 0.001

Sepp1 +Se 1.266±0.118* 1.218±0.125* 1.172±0.078* 1.017±0.117* 1.077±0.103* 0.922±0.021*

−Se 0.891±0.041 0.613±0.034 0.526±0.134 0.510±0.054 0.499±0.087 0.428±0.082

p 0.038 0.041 0.011 0.0003 0.006 0.002

Selpb +Se 1.937±0.183* 1.874±0.170* 1.761±0.189* 1.598±0.163* 1.492±0.129* 1.433±0.137*

−Se 0.983±0.086 0.894±0.096 0.57±0.053 0.387±0.032 0.356±0.0329 0.292±0.0236

p 0.038 0. 044 0.023 0.004 0.004 0.002

Sep15 +Se 0.537±0.048* 0.544±0.078* 2.571±0.285* 1.113±0.114* 11.31±1.130* 39.37±2.717*

−Se 15.834±1.444 45.682±1.337 17.045±0.376 5.837±0.532 1.390±0.137 0.990±0.089

p 0.0004 0.0005 0.0001 0.001 0.013 0.002

Selh +Se 0.015±0.002* 0.027±0.002* 0.015±0.001* 0.014±0.003* 0.013±0.002* 0.019±0.000*

−Se 0.003±0.0001 0.012±0.002 0.008±0.001 0.005±0.0006 0.004±0.0002 0.004±0.002

p 0.006 0.032 0.002 0.016 0.019 0.005

Seli +Se 0.212±0.013 0.292±0.034 0.353±0.084 0.317±0.031 0.296±0.030 0.259±0.056

−Se 0.201±0.020 0.258±0.047 0.271±0.025 0.249±0.077 0.217±0.024 0.161±0.020

Effects of Dietary Selenium Deficiency on mRNA Levels 195



are only a few reports focusing on regulatory role of Se
deficiency and the selenoproteins expression in chicken liver
[5]. Previous research in our laboratory indicated that dietary
Se affects the expression of four selenoprotein genes (Selw,
Seln, Selk, and Selt) in the liver of layer chicken [20]. To
further investigate the effects of dietary Se on selenoprotein
expression, we examined the expression levels of 21
selenoprotein genes in chicken liver under deficient and ade-
quate levels of dietary Se in the present study.

GPx, the first identified selenoprotein, is the most abundant
in the liver. GPx family including GPxl, GPx2, GPx3, and
GPx4 reserves kinds of enzymatic properties, and most are
involved in the catabolism of peroxides [22]. Hill [23] suggested
that Se deficiency caused the decrease of GPx mRNA level in
HepG2 andH4IIE cells. The results of the present study showed
a decreased expression of four GPx genes in chicken liver by Se
deficiency. A similar observation was also made in rats [24] and

turkey poults [25]. Interestingly, some studies indicated that the
mRNA expressions of GPx1 and GPx2 were increased and the
GPx4 mRNA expression was not influenced in mice by Se
deficiency [26, 27]. The difference may be produced by the
dietary Se level, treatment time, and animal species.

The thioredoxin reductase gene (TrxR) is one essential
selenoprotein gene in different kinds of animals. Hill [28]
reported that the mRNA expression and enzymatic activity
of TrxR-1 decreased with increasing time feeding Se deficien-
cy diet. A similar observation was also made in pig [29]. Our
results showed that the gene expression of TrxR1, TrxR2, and
TrxR3 was decreased in layer chicken liver by Se deficiency.
In contrast, the TrxR1 mRNA expression was increased in
broiler chicken liver [5]. The difference in TrxR1 mRNA
expression may be due to breed of chickens.

Iodothyronine deiodinase (DIO) family plays an important
role in thyroid metabolism [30]. Several studies have shown

Table 2 (continued)

Gene Group Relative mRNA level and p value

15 days 25 days 35 days 45 days 55 days 65 days

p 0.067 0.069 0.062 0.219 0.296 0.11

Selm +Se 1.089±0.064* 1.095±0.068* 1.076±0.171* 0.990±0.059* 0.887±0.076* 0.874±0.065*

−Se 0.763±0.075 0.690±0.059 0.585±0.047 0.548±0.050 0.449±0.044 0.284±0.027

p 0.047 0.044 0.021 0.016 0.031 0.005

Selo +Se 0.887±0.084* 0.772±0.074* 0.859±0.109* 0.919±0.104* 0.769±0.072* 0.613±0.047*

−Se 0.307±0.033 0.282±0.063 0.247±0.022 0.187±0.022 0.096±0.014 0.080±0.028

p 0.002 0.0002 0.0001 0.0007 0.048 0.008

Sels +Se 0.143±0.016* 0.201±0.080* 0.126±0.018* 0.196±0.067* 0.135±0.004* 0.143±0.017*

−Se 0.052±0.002 0.050±0.009 0.030±0.004 0.022±0.0005 0.021±0.004 0.019±0.008

p 0.004 0.041 0.004 0.04 0.002 0.008

Sepx1 +Se 1.296±0.113* 1.273±0.137* 1.362±0.132* 1.314±0.123* 1.390±0.128* 1.375±0.131*

−Se 0.564±0.059 0.535±0.049 0.491±0.042 0.427±0.039 0.272±0.0239 0.167±0.0129

p 0.029 0.045 0.017 0.013 0.009 0.0001

Selu +Se 1.814±0.169* 2.262±0.217* 2.170±0.426* 1.951±0.181* 1.538±0.137* 1.516±0.086*

−Se 1.485±0.045 1.371±0.146 1.183±0.163 1.153±0.115 1.01±0.098 0.961±0.092

p 0.013 0.018 0.05 0.047 0.049 0.04

Data are means ± SDs, n=5

+Se Se-adequate, −Se Se deficient
*p<0.05 (different from −Se at that time)

Fig. 1 Effect of dietary Se
deficiency on mRNA levels of
selenoprotein genes in the liver in
chicks. Data are means ± SDs,
n=5. *p<0.05, different from −Se
on day 45. +Se, Se-adequate; −Se,
Se deficiency
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that the mRNA expression of Dio1 in Se-deficient mouse liver
and kidney were significantly down-regulated [27], and the
enzyme activity of Dio2 in Se-deficient rats brown adipose
tissue was decreased [31]. There results suggested that dietary
Se level can influence the mRNA expression and activity of
Dio1 and Dio2 in vivo of animal. In the present study, we
found that the mRNA expression of Dio1 and Dio2 was
decreased in layer chicken liver by Se deficiency, and there
was no significant change in the Dio3 expression, suggesting
that the mRNA expression of Dio subtype may be indepen-
dent. The Sep15 is located mainly in the endoplasmic reticu-
lum and is believed to be involved in protein folding. It was
showed that the mRNA expression of Sep15 in rodents was
not regulated by dietary Se level [27]. Still, its precise function
remains elusive [32]. The increase in the mRNA expression of
Sep15 at 15, 25, 35, and 45 days in our study reflects the
development of a compensatory mechanism in response to
increased oxidative stress [33]. But due to little research, the
effect of Se deficient on the mRNA levels of Dio and Sep15
gene needs to be further studied, especially in chicken.

Biosynthesis of selenoproteins depends on the production
of monoselenophosphate (MSP), a Se donor compound from
selenide and ATP, a reaction catalyzed by the enzyme,
selenophosphate synthetase (SPS). Two isoforms of SPS were
found in higher eukaryotes, SPS1 and SPS2 [34]. In in vitro
experiments, SPS2 synthesized MSP from selenide and ATP,
but SPS1 did not have this activity [35]. It indicated that SPS2
is involved in oxidative stress protection [36]. Sepp1 is the
major transport form of Se. Selh was recently found to reside
in nucleoli and predicted to possess a thioredoxin-like fold
[37]. Selm may function as thiol disulfide oxidoreductase that
participates in the formation of disulfide bonds, and can be
implicated in calcium responses and redox regulation [38].
The functions for the proteins encoded by Selo, Sepx1, Sels,
and Selu [12, 27] is less postulated in chicken. The effect of Se
on the expressions of some of these selenoproteins was also
reported. A decrease in Sepp1 mRNA level was observed in
HepG2 and H4IIE cells by Se deficiency [39].Messaoudi [40]
suggested that the decrease of Sepp1 and GPx4 gene expres-
sion under Cd treatment was significantly restored in Cd +Se
group in rat testicles. However, it was reported that the mRNA
expressions of Sepx1, Selo, and Sels in rodents were not
regulated by dietary Se [27]. The 3.0-mg Se/kg diet decreased

Selh and Sepp1, but increased Sels mRNA levels in the liver
of the rat offspring, compared with the 0.3-mg Se/kg diet [41].
In the present study, the gene expressions of SPS2, Sels, Selh,
Selm, Selpb, Selu, Selo, Sepx1, and Sepp1 were significantly
decreased in the liver of chicken at Se-deficient groups. Our
results showed that the Sepx1 expression among these
selenoprotein genes was more sensitive to dietary Se. After a
Se-deficient diet was fed to weanling rats for 14.5 weeks, the
Sepp1 mRNA in the liver remained higher at all time points
compared with control [23]. These results suggested that the
selenoprotein genes (SPS2, Sels, Selh, Selm, Selpb, Selu,
Selo, Sepx1, and Sepp1) may play a role in oxidant defense
and be involved in liver metabolism. Se deficiency diet influ-
enced the mRNA expression of selenoprotein genes in chick-
en liver. However, the information remains limited about the
physiology and function of SPS2, Sels, Selh, Selm, Selpb,
Selu, Selo, Sepx1, and Sepp1 in birds, particularly in chicken.

In conclusion, 21 selenoprotein genes are expressed in the
layer chicken liver. The transcription levels of 19
selenoprotein (except Seli and Dio3) genes in the layer chick-
en liver was regulated by diet Se level. The present study
provides some compensated data about the roles of Se in the
regulation of selenoproteins.
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