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Abstract: 17 

The aim of the present study was so examine the role of Selenoprotein W (Sepw1) in modulating 18 

the expression of other selenoproteins. In the present study, we silenced and overexpressed the 19 

expression of Sepw1 in chicken myoblasts and subsequently treated the myoblasts with an 20 

reactive oxygen species (ROS) scavenger, N-acetyl-L-cysteine (NAC), and H2O2. Thereafter, the 21 

levels of expression of 25 selenoproteins and the activities of certain antioxidative enzymes, 22 

glutathione peroxidase (Gpx), superoxide dismutase (SOD), and catalase (CAT) were analyzed. In 23 

addition, principal component analysis (PCA) was used to define the most important parameters 24 

that could be used as key factors. The results indicated that as a highly expressed selenoprotein 25 

(only lower than Gpx1, Selk, Sels and Sep15), Sepw1 could interact with H2O2 (P < 0.05) and 26 

influence the expression of some selenoproteins (Gpx3, Gpx4, Txnrd1, Selt, Selh, Sepp1, Sels and 27 

Sep15, P < 0.05) and the sensitivity of the cells to H2O2. Both the overexpression and silencing of 28 

Sepw1 influenced the mRNA levels of selenoproteins. However, the responses of selenoproteins 29 

to altered Sepw1 expression were different. The results indicated that Sepw1 played a special role 30 

in H2O2 metabolism and may modulate the expression of certain selenoproteins through the redox 31 

pathway. Therefore, these results indicate that Sepw1 is an essential antioxidative selenoprotein in 32 

chicken myoblasts. 33 

Keywords: Selenoprotein W; Myoblasts; Chicken; Reactive Oxygen Species 34 

 35 
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Introduction 36 

As an essential micronutrient, selenium (Se) is primarily incorporated into selenoproteins as 37 

the amino acid Sec (selenocysteine) to perform its biological functions. In recent years, at least 25 38 

selenoprotein genes in animals and humans have been identified 
1, 2

. Among these selenoproteins, 39 

several families of selenoproteins have been cloned and partially characterized according to their 40 

function. The glutathione peroxidase (Gpx) family (including Gpx1–Gpx6), the thioredoxin 41 

reductase (Txnrd) family (including Txnrd1, Txnrd2 and Txnrd3) and the iodothyronine 42 

deiodinase (Dio) family (including Dio1, Dio2 and Dio3) have been the most extensively studied 43 

selenoprotein families in recent years 
3
. These typical selenoproteins play important roles in 44 

antioxidant defense, redox regulation, conversion of T4 to T3, and regulation in human disease 
3, 4

. 45 

In addition, other selenoproteins, including selenophosphate synthetase 2 (SPS2), Seli, Selk, Selm, 46 

Sep15, Sepw1, Selh, Selv, Sepn1, Selo, Sepp1, Selr, Sels, and Selt, are also observed in mammals 47 

or chicks and have preserved functions 
5, 6

. This finding suggests that these proteins’ roles may 48 

include the regulation of intracellular calcium (Sepw1, Selk, Selm, Sepn1, Selt) 
7, 8

, the control of 49 

protein folding in the endoplasmic reticulum (ER) (Sep15, Sels, Selk) 
9, 10

, the synthesis of 50 

selenophosphate (SPS2), and Se transport (Sepp1) 
3
. Although the functions of different types of 51 

selenoproteins are still not well-studied, the possible redox roles of selenoproteins have been 52 

studied the most. 53 

Se deficiency causes different forms of skeletal and cardiac muscle disease in mammals and 54 

humans 
7
. The abundant studies on the mechanism of Se deficiency disease have indicated that 55 

selenoproteins play important roles in skeletal muscle, especially in newborns 
11

. The first 56 

selenoprotein linked to muscular disorders is Sepw1. Therefore, Sepw1 is a good candidate for the 57 

study of Se deficiency disorders with respect to selenoproteins. The gene sequences of Sepw1 58 

from different types of animals have been identified 
12

, and there are some differences between 59 

species. Sepw1 contains the 10CXXU13 (where C is Cys, U is the Sec) motif, which is conserved 60 

among various mammalian species and implies the ability to catalyze redox reactions. Of the 61 

species examined, chicken and fish Sepw1 does not have Cys37, which is necessary for the 62 

antioxidative function in rats 
13

. Sepw1 is highly expressed in the muscle and heart in chicks, 63 
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sheep, monkeys, cows, calves and humans 
12, 14, 15

, but it is not detected in the rat heart 
16

. Due to 64 

the conserved 10CXXU13 motif, Sepw1 has been shown to serve as an antioxidative 65 

selenoprotein in different types of cells, including mouse embryonic neurons 
13

, C2C12 murine 66 

myoblasts 
17

, and chicken myoblasts 
18

. In contrast, in rat muscle cells, Wang 
19

 indicated that the 67 

main function of Sepw1 is not in the antioxidative system because the depletion of Sepw1 could 68 

be compensated for by other intracellular antioxidative enzymes. Because there are numerous 69 

selenoproteins preserving the function of antioxidants 
4
, it is reasonable to hypothesize that the 70 

deficiency of Sepw1 may be compensated for by other antioxidative selenoproteins 
19, 20

. However, 71 

while Sepw1 may not be important in some cell lines, Sepw1 deficiency induces oxidative damage 72 

in other cell lines 
13, 18, 19

. Whether this contradiction results from the different animal models or 73 

from other factors is unknown. Thus, the following questions arose: is there an interaction 74 

between Sepw1 and other antioxidative selenoproteins that may compensate for the missing 75 

function of Sepw1, and does Sepw1 have an irreplaceable role in different types of cells. In the 76 

present study, we examined the mRNA expression levels of selenoproteins following the silencing 77 

and overexpression of Sepw1 and discussed the roles of Sepw1 in chicken myoblasts. 78 

79 
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Materials and Methods 80 

Cell culture 81 

Primary cultures of chicken embryo-derived myoblasts were prepared as we previously 82 

described 
18

. Briefly, myoblasts were isolated from the pectoralis of 12-day-old chicken embryos 83 

and digested with 0.1% collagenase I (Invitrogen, Carlsbad, CA). To release single cells, the 84 

suspension was triturated by gentle pipetting and filtered to remove large debris. The cell 85 

suspension was washed twice and subjected to density gradient centrifugation in three 86 

discontinuous layers of 20%, 30% and 55% Percoll (Pharmacia, Uppsala, Sweden). The cells at 87 

the 30% and 55% Percoll interface were harvested, rinsed twice, and re-suspended in proliferation 88 

medium (PM) that consisted of DMEM (Gibco, BRL), 10% horse serum (HS) (Hyclone, Logan, 89 

UT), and a 5% chicken embryo extract prepared from 11-day-old embryos by our laboratory 90 

according to previously published procedures 
21

. Myoblasts were seeded in gelatin-coated (Sigma, 91 

St. Louis, Mo) 6-well culture plates (Jet, China) at a density of 4 × 10
5
 cells/cm

2
 with PM. 92 

Myoblasts proliferated for 24 h in 5% CO2 at 37
o
C and were induced to differentiate by replacing 93 

the PM with differentiation medium (DM) that consisted of Opti-MEM (Gibco, BRL) and 7.5% 94 

knockout serum replacement (KSR) (Gibco, BRL). 95 

Sepw1 RNA interference 96 

The method and reagents are the same as in our prior study 
18

, where we demonstrated that 97 

the target siRNAs have no off-target effects. Chicken myoblasts were plated in 6-well plates at 98 

70%–80% confluence and transfected with 3 µL of 20 µM siRNAs and 3 µL of Lipofectamine 99 

RNAiMAX Reagent (Invitrogen) in 2 mL of Opti-MEM. After transfection for approximately 48 100 

h, the cells were harvested for analysis. 101 

Cloning of the Chicken Sepw1 cDNA and Expression Vector Construction 102 

The method was performed as described by our group 
22

. Briefly, total RNA was extracted 103 

from chicken skeletal muscle tissue samples (50 mg) using Trizol reagent (Invitrogen, China). 104 

First-strand cDNAs were synthesized using oligo dT primers and Superscript II reverse 105 

transcriptase (Invitrogen, China), according to the manufacturer’s instructions. Unless stated 106 

otherwise, the resulting cDNA pool was used directly for PCR amplification. Using the chicken 107 
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sequence from GenBank (accession no. GQ919055), primers were designed to amplify chicken 108 

Sepw1, as in the prior study 
22

. The PCR amplifications were performed using Taq DNA 109 

polymerase (Fermentas), and the PCR product was separated on a 1% agarose gel. The amplified 110 

DNA fragments were then purified from the agarose gels and subcloned into the pMD-18 T 111 

(TaKaRa, China) plasmid vector. The DNA fragment that contained the cDNA was released from 112 

the modified pMD-18 T plasmid by digestion with EcoRI and XhoI and was then sub-cloned into 113 

the mammalian expression vector pCDNA3.1 (+) (Invitrogen, China), yielding pCDNA3.1/Sepw1. 114 

The fragment insert was then sequenced (Huada, China). Transfections were performed using the 115 

X-tremeGENE HP DNA transfection reagent (Roche), following the manufacturer's instructions. A 116 

3 µg sample of pCDNA3.1/Sepw1 that encoded chicken Sepw1 was added to 200 µl Opti-MEM 117 

(Invitrogen) before mixing with 3 µl of X-tremeGENE HP DNA transfection reagent. The plasmid 118 

DNA/X-tremeGENE HP mixture was incubated at room temperature for 25 min and then added 119 

into each well of the 6-well plates.  120 

After transfection for approximately 48 h, the cells were treated with 50 µM H2O2 in 121 

differentiation medium for 6 h and then were harvested for analysis. In the NAC group, cells were 122 

co-incubated with 2.5 mM N-acetyl-L-cysteine (NAC) for 6 h after transfection and were 123 

harvested for analysis. 124 

Quantitative Real-Time PCR (qPCR) analysis of selenoprotein mRNA levels 125 

The total RNA was isolated 
23

 from individual wells of myoblasts using TRIzol reagent 126 

according to the manufacturer's instructions (Invitrogen, Shanghai, China). The dried RNA pellets 127 

were re-suspended in 50 µL of diethyl-pyrocarbonate-treated water. The concentration and purity 128 

of the total RNA were determined spectrophotometrically at 260/280 nm. First-strand cDNA was 129 

synthesized from 10 pg of total RNA using dN12 primers and the AccuPower
○R RocketScript

TM
 RT 130 

PreMix (BIONEER) according to the manufacturer's instructions. Synthesized cDNA was diluted 131 

five times with sterile water and stored at −80°C before use. 132 

Primer Premier Software (PREMIER Biosoft International, USA) was used to design specific 133 

primers for selenoproteins, GAPDH and β-actin based on known chicken sequences (Table. 1). 134 

Standard PCR was first performed to confirm the specificity of the primers. The PCR products 135 
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were electrophoresed on 2% agarose gels, extracted, cloned into the pMD18-T vector (TaKaRa, 136 

China), and sequenced. Quantitative real-time PCR was performed on a BIO-RAD C1000 137 

Thermal Cycler (USA). Reactions were performed in a 20 µL reaction mixture containing 10 µL 138 

of AccuPower
○R 2X Greenstar qPCR Master Mix (BIONEER), 2 µL of diluted cDNA, 1 µL of 139 

each primer (10 µM) and 6 µL of PCR-grade water. The PCR procedure consisted of 95°C for 30 s, 140 

followed by 40 cycles of 95°C for 15 s, 60°C for 30 s and 60°C for 30 s. The melting curve 141 

analysis showed only one peak for each PCR product. Electrophoresis was performed with the 142 

PCR products to verify primer specificity and product purity. A dissociation curve was run for 143 

each plate to confirm the production of a single product. The amplification efficiency for each 144 

gene was determined using the DART-PCR program 
24

. The mRNA relative abundance was 145 

calculated as previously described 
25

 to account for gene-specific efficiencies and was normalized 146 

to the mean expression of GAPDH and β-actin. 147 

Detection of intracellular antioxidative enzymes. 148 

Detection of intracellular glutathione peroxidase (Gpx). The assay was performed using the 149 

Total Cellular Glutathione Peroxidase Assay Kit (Beyotime Biotechnology, China). Cells were 150 

treated with 0.02% EDTA and were washed and collected in PBS. Cells (1 × 10
6
) were then lysed 151 

with 200 µl of cell lysis buffer (Beyotime Biotechnology, P0013). The lysate was centrifuged at 152 

12,000 g at 4°C for 10 min, and the supernatant was then assayed according to the kit’s 153 

instructions. The assay was performed at 25°C with Multimode Plate Readers (TECAN Infinite 154 

M200 PRO, Switzerland) at 340 nm.  155 

Detection of intracellular superoxide dismutase (SOD). The assay was performed using the 156 

Total Superoxide Dismutase Assay Kit (Beyotime Biotechnology, China). Briefly, 1 × 10
6
 cells 157 

were collected and homogenized with PBS on ice. Lysates were used to determine the enzyme 158 

activity. The SOD assay was performed according to the manufacturer’s instructions with 159 

Multimode Plate Readers (TECAN Infinite M200 PRO, Switzerland) at 450 nm. The catalase 160 

(CAT) assay was performed using the Catalase Assay Kit (Beyotime Biotechnology, China). 161 

Briefly, cell lysates were used to determine enzyme activity. The CAT assay was performed 162 

according to the manufacturer’s instructions with Multimode Plate Readers (TECAN Infinite 163 
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M200 PRO, Switzerland) at 520 nm.  164 

The formation of malondialdehyde (MDA) was determined as an indicator of lipid 165 

peroxidation using the thiobarbituric acid assay 
26

 (Beyotime Biotechnology, China). The MDA 166 

assay was performed according to the manufacturer’s instructions with Multimode Plate Readers 167 

(TECAN Infinite M200 PRO, Switzerland) at 532 nm. The protein concentrations of the samples 168 

were measured using the Bradford method 
27

. 169 

Western blot analysis 170 

Protein extracts were subjected to SDS-polyacrylamide gel electrophoresis under reducing 171 

conditions on 15% gels. Separated proteins were then transferred to nitrocellulose membranes 172 

using tank transfer for 1 h at 100 mA in Tris-glycine buffer containing 20% methanol. The 173 

membranes were blocked with 5% skim milk for 16-24 h and incubated overnight with diluted 174 

primary antibody against Sepw1 (1:1000, production of polyclonal antibody by our lab), Gpx1 and 175 

Gpx4 (1:1000, Abcam, China), followed by a horseradish peroxidase (HRP)-conjugated secondary 176 

antibody against rabbit IgG (1:1000, Santa Cruz Biotechnology, USA). To verify equal sample 177 

loading, the membrane was incubated with a monoclonal β-actin antibody (1:1000, Santa Cruz 178 

Biotechnology, USA), followed by an HRP-conjugated goat anti-mouse IgG (1:1000). The signal 179 

was detected by X-ray films (TransGen Biotech Co., Beijing, China). The optical density (OD) of 180 

each band was determined using the Image VCD gel imaging system. 181 

Statistical analysis 182 

Data analysis was performed using SPSS statistical software for Windows (Version 13; SPSS 183 

Inc, Chicago, IL). Differences between the means were assessed by Tukey's honestly significant 184 

difference test for post hoc multiple comparisons. Data are expressed as the means ± standard 185 

deviation. The differences were considered to be significant at P < 0.05. 186 

In addition, principal component analysis (PCA) was used to define the most important 187 

parameters that could be used as key factors for individual variations using the Statistics 6.0 188 

program. 189 

190 
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Results 191 

The expression pattern of selenoproteins in chicken myoblasts 192 

In the present study, we first examined the expression of selenoproteins in chicken myoblasts 193 

(Table. 2). As shown in Fig. 1, under common conditions, the expression levels of the 194 

selenoproteins were different from one another. There were only four selenoproteins (Gpx1, Selk, 195 

Sels, and Sep15) that were expressed at higher levels than Sepw1. Compared with other 196 

selenoprotein families, the Rdx family (Sepw1, Selt, Selh, Selm, and Sep15) was relatively highly 197 

expressed. However, the expression of the Txnrd family (Txnrd1, Txnrd2, Txnrd3) and Dio family 198 

(Dio1, Dio2, Dio3) was relatively lower than other selenoproteins.  199 

The expression of selenoproteins were influenced by H2O2 under oxidative conditions (Fig. 200 

1). H2O2 primarily decreased the levels of Sepw1 and Gpx1, and increased the expression of other 201 

selenoproteins (P < 0.05). It has been shown that selenoproteins have the unique ability to trap 202 

H2O2. Because of the rapid oxidation kinetics of selenols, H2O2 in the cytosol reacts completely 203 

with Sec containing proteins to produce Sec-selenenic acid before it can react with other potential 204 

targets 
28

. The present study showed that different selenoproteins have a different response to 205 

H2O2 in myoblasts. Sepw1 and Gpx1 react mainly with H2O2, so the levels of Sepw1 and Gpx1 206 

were predominantly consumed by H2O2. Other selenoproteins were primarily increased, which 207 

may suggest that they play protective or buffering roles. This is because most of selenoproteins 208 

can regulate oxidation-reduction homeostasis in cells 
20

, enhance the ability of cells to protect 209 

themselves against oxidative stress 
29

 and decrease oxidative damage 
30

. Although many 210 

selenoproteins preserve their antioxidative function, their response to oxidative stress is different. 211 

In the present study, Sepw1 played a special role in H2O2 metabolism. 212 

The effect of Sepw1 overexpression on selenoproteins levels 213 

Over-expression of Sepw1 (Fig. 2) induced higher levels of Sepn1, Selt, Selh, Selm, Selpb 214 

and Sepx1 expression, but lower Gpx3 expression (P < 0.05). The increased expression of these 215 

antioxidative selenoproteins (Sepn1, Selh, and Sepx1) can regulate oxidation-reduction 216 

homeostasis in cells 
3, 20, 31

. Therefore, over-expression of Sepw1 may enhance the antioxidative 217 

ability of cells. 218 
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After treatment with H2O2, selenoprotein expression in the overexpressing group was 219 

influenced (Fig. 3). Similar to the control/H2O2 group, Sepw1 levels were also reduced by H2O2 in 220 

cells overexpressing Sepw1. The expression of some selenoproteins (Gpx4, Txnrd2, Sepn1, Selt, 221 

Selh, and Sepp1) was increased (P < 0.05). Compared with the control group, there were fewer 222 

selenoproteins that showed increased expression with H2O2 in the Sepw1-overexpressing group. 223 

The overexpression of Sepw1 decreased the cells’ oxidative stress response. Thus, we observed 224 

that overexpression of Sepw1 could enhance the levels of some selenoproteins and decrease its 225 

own expression to regulate oxidation-reduction homeostasis and enhance the cells’ response to 226 

oxidative stress. Therefore, Sepw1 may play a crucial antioxidative function in chicken myoblasts. 227 

The effect of Sepw1 deficiency on the selenoprotein expression 228 

As an important antioxidative selenoprotein, we hypothesized that Sepw1 may influence the 229 

levels of other selenoproteins through the redox pathway. Several interaction may exist between 230 

Sepw1 and other selenoproteins, and the deficiency of Sepw1 may be compensated for by other 231 

antioxidative selenoproteins. Therefore, we silenced the expression of Sepw1 to test this 232 

hypothesis. Following the silencing of Sepw1 (Fig. 4), the expression of some selenoproteins 233 

varied. The expression of Gpx3, Gpx4, Txnrd1, Selt, Selh and Sepp1 was increased (P < 0.05); 234 

however, Sep15 and Sels expression was reduced (P < 0.05). Among the affected selenoproteins, 235 

Gpx3, Gpx4, Txnrd1, Selt, Selh, Sepp1 and Sels preserve their antioxidative function 
7
, which 236 

may replace the missing redox regulation role of Sepw1. However, our prior study showed that 237 

Sepw1 silencing in myoblasts induced higher levels of apoptosis and ROS production 
18

. Although 238 

there were increased levels of antioxidants (Gpx3, Gpx4, Txnrd1, Selt, and Sepp1), Sepw1 239 

deficiency was not compensated for by these increased endogenous antioxidants. 240 

It was unclear whether exogenous antioxidants could influence the effect of Sepw1 on 241 

selenoprotein expression. In the present study, we treated the myoblasts with the antioxidant NAC 242 

to eliminate the increased ROS levels and reverse the oxidative damage induced by Sepw1 243 

deficiency. The results showed that NAC treatment influenced the effect of Sepw1 on the 244 

regulation of selenoproteins (Fig. 5). In the NAC group, the effect of Sepw1 deficiency on the 245 

expression of Gpx3, Gpx4, Txnrd1, and Selt was eliminated by NAC (P > 0.05), but the effect on 246 
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the expression of Sels, Sep15 and Sepp1 remained (P < 0.05). NAC treatment reduced the 247 

oxidative damage, but did not reverse all of the effects of Sepw1 deficiency. Therefore, chicken 248 

Sepw1 may play a crucial role in chicken myoblasts. 249 

The protein levels of Sepw1, Gpx1 and Gpx4 250 

In the present study, we also examined the protein levels of some characterized 251 

selenoproteins, namely Sepw1, Gpx1 and Gpx4 (Fig. 6). The results showed that, similar to the 252 

mRNA levels, the protein levels of Sepw1 increased in the over-expressing group but were 253 

decreased in the other groups. Compared with the control, the protein level of Gpx1 was decreased 254 

by H2O2 treatment. However, in the other groups, the protein level of Gpx1 was not influenced. In 255 

addition, the Gpx4 protein levels were increased in the siRNA and Con/H2O2 groups. The results 256 

indicated that the effect of the siRNA- and H2O2-induced oxidative stress on the expression of 257 

some characterized selenoproteins was similar at both the mRNA and the protein levels. 258 

Measurement of antioxidative enzymes and MDA levels 259 

In the present study, we also examined the activities of certain crucial antioxidants, 260 

specifically Gpx, SOD, and CAT. As a typical oxidant, H2O2 also induced oxidative damage in 261 

chicken myoblasts. The results (Fig. 7) showed that compared with the control group, H2O2 262 

treatment induced higher activities of Gpx, SOD, and CAT and increased MDA levels (P < 0.05). 263 

However, this effect was eliminated by overexpressing Sepw1 in cells (P > 0.05 or not). Therefore, 264 

Sepw1 reversed the H2O2-induced oxidative injury, which indicated that Sepw1 served as an 265 

antioxidant in chicken myoblasts. 266 

Similar to H2O2 treatment, Sepw1 deficiency also increased the activities of Gpx, SOD, and 267 

CAT and induced oxidative damage (higher MDA levels) (P < 0.05). In contrast, when treating 268 

these cells with NAC, the Sepw1-induced oxidative damage was reduced (P > 0.05), indicating 269 

that exogenous antioxidant could regulate the oxidative unbalance induced by Sepw1 deficiency. 270 

Principal component analysis (PCA) 271 

Using PCA, all of the parameters were distinguished on ordination plots corresponding to the 272 

first and second principle components (90.64% and 4.38%, respectively) (Fig. 8). Furthermore, 273 

the observed relationships among the parameters were confirmed and quantified according to 274 
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Spearman’s test (Table. 3), which showed that selenoproteins had a negative correlation with 275 

Sepw1, but Gpx1 had a positive correlation with Sepw1. Selenoproteins had a strong positive 276 

correlation with component one, and Gpx1 and Sepw1 were negatively correlated with component 277 

one. Sepp1, Gpx4, and Gpx3 had a relatively strong positive correlation with component two, but 278 

only Selk, Selh, Gpx1 and Sepw1 had a negative correlation with component two (Table. 4). Thus, 279 

Gpx1, Gpx3, Gpx4, Selk, Selh, Sepp1 and Sepw1 may play special roles in the response to 280 

oxidative stress or altered Sepw1 expression in myoblasts.  281 

282 
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Discussion 283 

Sepw1 preserves the antioxidative function in different types of cells 
12, 18

. Through redox 284 

activity, Sepw1 may regulate the cell cycle 
32-34

 and the development of muscle 
17

, interact with 285 

14-3-3 protein 
32

, regulate the level of GSH in human neuronal cells 
35

, and compensate for the 286 

missing function of other selenoproteins, such as Selt in murine fibroblast cells 
20

. However, 287 

because there are so many selenoproteins and enzymes preserving the function of antioxidants 
4
, it 288 

is reasonable to hypothesize that Sepw1 deficiency may be compensated for by the other 289 

antioxidative selenoproteins 
19, 20

. In the present study, we first examined the antioxidative 290 

function of Sepw1 and then discussed the possible interactions between Sepw1 and selenoproteins. 291 

The results showed that, as a highly expressed selenoprotein in myoblasts, Sepw1 has a crucial 292 

antioxidative function. When the level of Sepw1 was altered, the mRNA levels of some 293 

selenoproteins were influenced, which may rely on the levels of ROS.  294 

Oxidative stress always occurs during the unbalance between antioxidative ability and ROS 295 

levels. Cells can defend against excessive ROS by non-enzymatic small molecule antioxidants, 296 

such as glutathione, and enzymes that include SOD, CAT and Gpx. In addition, different types of 297 

selenoproteins also preserve the antioxidative role. Approximately 25 selenoprotein genes have 298 

been identified in mammals 
2
 and chicks 

6
. Among these selenoproteins, there is a group of 299 

antioxidative selenoproteins, including the Gpx family (Gpx1, Gpx2 Gpx3 and Gpx4), the Txnrd 300 

family (Txnrd1, Txnrd2 and Txnrd3) 
7
, and other identified or possible antioxidative 301 

selenoproteins, such as Sepw1, Selk, Sepn1, Sepp1, Sels 
3
, Sepx1, Selh, and Selo 

31
. Under 302 

common conditions, these antioxidants can regulate the susceptibility of the cell to oxidative 303 

injury 
6
 and reduce the oxidative damage induced by some oxidants, such as H2O2 

36
. These 304 

selenoproteins, such as Gpx, Sepn1, Selh, Selm, Sels, and Sepw1, can metabolize H2O2 and 305 

regulate several cellular responses. In skeletal muscles, Sepw1 is highly expressed and plays a 306 

crucial role in this tissue. However, the exact role of Sepw1 required more study. In the present 307 

study, we first examined the possible antioxidative function of chicken Sepw1 in myoblasts. 308 

Under common conditions, the mRNA level of Sepw1 was higher than most selenoproteins, 309 

except Gpx1, Selk, Sels and Sep15. This higher level may also allow it to serve as an important 310 
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antioxidant in myoblasts. After treating myoblasts with H2O2, the levels of Sepw1 and Gpx1 were 311 

reduced in the cells, which indicated that Sepw1 might play a crucial role in metabolizing H2O2 in 312 

chicken myoblasts. The rapid reaction of Sepw1 and Gpx1 with H2O2 may act to limit the duration 313 

and distance of H2O2 signals, which decreased the cells’ response to H2O2 
28, 30

. In the 314 

overexpressing cells, H2O2 decreased Sepw1 levels but only increased a few selenoproteins (5 315 

selenoproteins) compared with the control cells (21 selenoproteins), which showed that 316 

overexpressed Sepw1 decreased the cells’ response to H2O2. In addition, Sepw1 overexpression 317 

could reduce the H2O2-induced oxidative damage 
37

. In addition, the increased expression of 318 

certain antioxidative selenoproteins may regulate oxidation-reduction homeostasis in cells 
20

, 319 

enhance the ability of cells to protect against oxidative stress 
29

 and decrease the oxidative damage 320 

and the concentration of H2O2 
30

. In contrast, Sepw1 deficiency induced increased Gpx, SOD, 321 

CAT and MDA levels, and elevated ROS levels and apoptosis 
18

. It showed that Sepw1 deficiency 322 

decreased the ability of myoblasts to buffer the exogenous H2O2 and increased the sensitivity of 323 

cells to H2O2. Therefore, similar to its mammalian homolog in different cells or organs 
13, 19, 35

, 324 

chicken Sepw1 plays important role in antioxidative functions in myoblasts. In addition, the 325 

principal components analysis also supported this point, indicating that Sepw1 and Gpx1 may play 326 

special roles in the response to oxidative stress in chicken myoblasts. Therefore, chicken Sepw1 327 

also preserves antioxidative function. 328 

Selenoproteins can respond to oxidative stress and change their expression levels to balance 329 

or reverse an oxidants-induced unbalance 
30, 31, 38

. However, in response to oxidative stress, 330 

selenoproteins possess different expression patterns. In the heart, ROS can induce higher levels of 331 

Gpx3 and Gpx4, but not Gpx1, to minimize intracellular oxidative damage 
39

. In irradiated normal 332 

human fibroblasts, elevated ROS increased the mRNA levels of Txnrd1 and Sepp1 
40

. In addition, 333 

the expression of Drosophila Selr was also elevated in response to several agents that cause 334 

oxidative stress, such as H2O2 
41

. However, in cultured myotubes, oxidative stress did not 335 

influence the mRNA levels of Sepn1, Sepp1 and Sels 
42

. Oxidative stress induced by Selt 336 

deficiency only elevated Sepw1 expression in murine fibroblast cells, but did not influence the 337 

levels of Txnrd1, Gpx1, Gpx4, and Sep15 
20

. The decrease in Sepp1 was associated with lower 338 
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Gpx activity in malignant tissue 
43

. Although the expression patterns of selenoproteins responding 339 

to oxidative stress in chicken myoblasts has not been identified, there must be some interaction 340 

between selenoproteins and oxidative stress. In the present study, by silencing the expression of 341 

Sepw1 and treating with H2O2, we simulated the conditions of oxidative stress in myoblasts. 342 

Although the treatment with H2O2 or Sepw1 deficiency induced higher ROS levels, apoptosis 
18

 343 

and oxidative stress in myoblasts, the effect on the expression of selenoproteins was different. 344 

Exogenous H2O2 induced higher levels of most of the selenoproteins, but decreased Gpx1 and 345 

Sepw1. However, Sepw1 silencing induced higher expression of Gpx3, Gpx4, TrxR1, Selt, Selh 346 

and Sepp1 and lower expressions of Sels and Sep15 in myoblasts, which showed that the response 347 

of selenoproteins to oxidative stress induced by exogenous H2O2 or Sepw1 silencing was different. 348 

Thus, Sepw1 deficiency influenced fewer selenoproteins (6 increased selenoproteins and 2 349 

decreased selenoproteins) compared to H2O2 treatment (22 increased selenoproteins and 2 350 

decreased selenoproteins), but more selenoproteins than the deficiency of Selt (1 increased 351 

selenoprotein). This showed that 50 µM H2O2 induced higher ROS levels than Sepw1 deficiency 352 

in chicken myoblasts 
18

. In addition, the effects of Sepw1 on the expressions of other 353 

selenoproteins was influenced by treatment with the antioxidant, NCA. The effects of Sepw1 354 

deficiency on the expression of Gpx3, Gpx4, Txnrd1, Selt, and Sepp1 were eliminated by NAC, 355 

but the effects on the expressions of Sels, Sep15 and Sepp1 remained. Therefore, the different 356 

responses of selenoproteins to Sepw1 deficiency or H2O2 may be dependent on the ROS levels.  357 

The responses of selenoproteins to the overexpression of other selenoproteins have also been 358 

analyzed in previous studies 
44

. In Selm overexpression rats, the activities of SOD and GPx were 359 

higher than the wild type rats 
29

. In Gpx1 overexpression rats, the activities of Gpx1 and Gpx4 360 

were increased in liver and muscles and the activities of thioredoxin reductase were increased in 361 

liver but not in muscles, but activities of SOD were decreased in these organs 
45

. In Txnrd1 362 

overexpression HEK-293 cells, Gpx activity was decreased in limited Se medium, but not in 363 

normal medium 
46

. Therefore, in response to selenoprotein overexpression, the expression patterns 364 

of other selenoproteins were different. In the present study, Sepw1 overexpression also affected 365 

the expression of other selenoproteins. Sepw1 overexpression level increased the expression of 366 
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Sepn1, Selt, Selh, Selm, Selpb and Sepx1, and reduced the responses of selenoproteins to H2O2. 367 

Compared with these prior studies, the present study examined more selenoproteins in response to 368 

altered selenoprotein expression. Thus we demonstrated that altering Sepw1 expression could 369 

influence the mRNA levels of selenoproteins in chicken myoblast. 370 

In summary, under common conditions, Sepw1 was expressed at relatively higher levels than 371 

most selenoproteins in myoblasts. Sepw1 and Gpx1 react mainly with H2O2, so the levels of 372 

Sepw1 and Gpx1 were primarily consumed by H2O2. However, the expression of other 373 

selenoproteins was increased and may play a protective or buffering role in chicken myoblasts. In 374 

the present study, Sepw1 played special role in H2O2 metabolism and may modulate the 375 

expressions of some selenoproteins through the redox pathway. Therefore, Sepw1 is an essential 376 

antioxidative selenoprotein in chicken myoblast. 377 
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Table. 1. The primers used in the present study. 464 

Gene  Forward primer Reverse primer 

Gpx1 5'-ACGGCGCATCTTCCAAAG-3' 5'-TGTTCCCCCAACCATTTCTC-3' 

Gpx2 5'-ACGGCACCAACGAGGAGAT-3' 5'-TTCAGGTAGGCGAAGACGG-3' 

Gpx3 5'-CCTGCAGTACCTCGAACTGA-3' 5'-CTTCAGTGCAGGGAG GATCT-3' 

Gpx4 5'-CTTCGTCTGCATCATCACCAA-3' 5'-TCGACGAGCTGAGTGTAATTCAC-3' 

Txnrd1 5'-TACGCCTCTGGGAAATTCGT-3' 5'-CTTGCAAGGCTTGTCCCAGTA-3' 

Txnrd2 5'-GCTCTTAAAGATGCCCAGCACTAC-3' 5'-GAACAGCTTGAGCCATCACAGA-3' 

Txnrd3 5'-CCTGGCAAAACGCTAGTTGT G-3' 5'-CGCACCATTACTGTGACATCTAGAC-3' 

Dio1 5'-GCGCTATACCACAGGCAGTA-3' 5'-GGTCTTGCAAATGTCACCAC-3' 

Dio2 5'-ATTTGCTGATCACGCTTCAG-3' 5'-GCTCAGAAACAGCACCATGT-3' 

Dio3 5'-CTGTGCATTCGCAAGAAGAT-3' 5'-GCCGACTTGAAGAAGTCCAG-3' 

Sepn1 5'-CAGGATCCATGCTGAGTTCCA-3' 5'-GAGAGGACGATGTAACCCGTAAAC-3' 

Selk 5'-GAAGAGGGCCTCCAGGAAAT-3' 5'-CAGCCATTGGTGGTGGACTAG-3' 

Sels 5'-GCGTCGCCATCTATCTCATCGT-3' 5'-TCTTCTGCCTTCGCTTCTGTTCTT-3' 

Sepw1 5'-TGGTGTGGGTCTGCTTTACG-3' 5'-CCAAAGCTGGAAGGTGCAA-3' 

Selt 5'-AGGAG TACAT GCGGG TCATC A-3' 5'-GACAGACAGGAAGGATGCTATGTG-3' 

Selh 5'-CATCGAGCACTGCCGTAG-3' 5'-GACACCTCGAAGCTGTTCCT-3' 

Selm 5'-AAGAAGGACCACCCAGACCT-3' 5'-GCTGTCCTGTCTCCCTC ATC-3' 

Sep15 5'-ACTTGGCTTCTCCAGTAACTTGCT-3' 5'-GCCTACAGAATGGATCCAACTGA-3' 

Seli 5'-TGCCAGCCTCTGAACTGGAT-3' 5'-TGCAAACCCAGACATCACCAT-3' 

Selu 5'-GATGCTTTCAGGCTTCTTCC-3' 5'-CTGTCTTCCTGCTCCAATCA-3' 

Selpb 5'-AGGCCAACAGTACCATGGAG-3' 5'-GTGGTGAGGATGGAGATGGT-3' 

Sepp1  5'-CCAAGTGGTCAGCATTCACATC-3' 5'-ATGACGACCACCCTCACGAT-3' 

Selo 5'-CCAGCGTTAACCGGAATGAT-3' 5'-ATGCGCCTCCTGGATTTCT-3' 

Sepx1 5'-TGGCAAGTGTGGCAATGG-3' 5'-GAATTTGAGCGAGCTGCTGAAT-3' 

SPS2 5'-CGTTGGGTATCGGAACTGAC-3' 5'-CGTCCACCAGAGGGTAGAAA-3' 

β-actin 5'-CCGCTCTATGAA GGCTACGC-3' 5'-CTCTCG GCTGTGGTGGTGAA-3' 

GAPDH 5'-AGAACATCATCCCAGCGT-3' 5'-AGCCTTCACTACCCTCTTG-3' 

 465 

 466 
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Table. 2 Relative mRNA Levels of Selenoproteins 467 

 
Con Over-expression siRNA siRNA/NAC Con/H2O2 Over-expression/H2O2 

 
Mean SD log(mean) Mean SD log(mean) Mean SD log(mean) Mean SD log(mean) Mean SD log(mean) Mean SD log(mean) 

Gpx1 7.61 0.50 0.88 6.50 1.50 0.81 7.09 1.66 0.85 6.13 0.15 0.79 0.67 0.05 -0.17 7.62 1.08 0.88 

Gpx2 0.11 0.03 -0.96 0.09 0.02 -1.05 0.14 0.01 -0.84 0.03 0.01 -1.55 2.87 0.12 0.46 0.09 0.02 -1.03 

Gpx3 0.83 0.15 -0.08 0.48 0.05 -0.32 1.90 0.29 0.28 0.54 0.09 -0.27 3.43 0.40 0.54 0.51 0.05 -0.29 

Gpx4 0.42 0.06 -0.38 0.67 0.06 -0.18 1.25 0.17 0.10 0.59 0.17 -0.23 2.98 0.25 0.47 0.65 0.04 -0.19 

Txnrd1 0.03 0.01 -1.49 0.03 0.00 -1.54 0.05 0.01 -1.29 0.01 0.00 -1.84 2.16 0.22 0.33 0.03 0.00 -1.54 

Txnrd2 0.02 0.00 -1.79 0.01 0.00 -1.85 0.01 0.00 -2.11 0.00 0.00 -2.43 0.51 0.10 -0.29 0.01 0.00 -2.14 

Txnrd3 0.12 0.03 -0.93 0.14 0.03 -0.85 0.07 0.01 -1.16 0.05 0.01 -1.30 5.80 0.06 0.76 0.10 0.01 -1.02 

Dio1 0.09 0.01 -1.03 0.13 0.01 -0.87 0.07 0.03 -1.14 0.04 0.01 -1.43 3.54 0.46 0.55 0.15 0.02 -0.84 

Dio2 0.17 0.02 -0.76 0.18 0.05 -0.75 0.17 0.02 -0.77 0.09 0.02 -1.04 6.61 0.16 0.82 0.17 0.04 -0.76 

Dio3 0.13 0.01 -0.89 0.15 0.04 -0.82 0.20 0.07 -0.70 0.04 0.01 -1.39 1.76 0.02 0.25 0.13 0.05 -0.87 

Sepn1 0.06 0.01 -1.23 0.11 0.00 -0.97 0.06 0.01 -1.21 0.04 0.01 -1.38 2.53 0.42 0.40 0.19 0.03 -0.73 

Selk 2.48 0.75 0.39 2.85 0.33 0.45 2.52 0.53 0.40 1.49 0.25 0.17 4.58 0.35 0.66 3.26 0.45 0.51 

Sels 2.41 0.40 0.38 2.55 0.28 0.41 1.75 0.31 0.24 0.90 0.04 -0.05 9.33 1.60 0.97 1.34 0.28 0.13 

Sepw1 1.00 0.00 0.00 6.08 0.69 0.78 0.36 0.06 -0.45 0.26 0.10 -0.58 0.33 0.06 -0.48 0.57 0.06 -0.24 

Selt 0.09 0.02 -1.06 0.18 0.00 -0.75 0.22 0.02 -0.67 0.09 0.01 -1.04 0.42 0.10 -0.37 0.22 0.02 -0.66 

Selh 0.37 0.01 -0.43 0.68 0.05 -0.17 0.77 0.10 -0.11 0.53 0.15 -0.28 0.96 0.22 -0.02 0.68 0.09 -0.16 

Selm 0.35 0.03 -0.46 0.54 0.04 -0.27 0.28 0.07 -0.56 0.36 0.05 -0.44 2.75 0.52 0.44 0.28 0.04 -0.55 

Sep15 2.18 0.28 0.34 1.67 0.30 0.22 0.63 0.06 -0.20 0.31 0.09 -0.50 9.61 0.80 0.98 3.03 0.67 0.48 

Seli 0.25 0.04 -0.61 0.28 0.07 -0.55 0.25 0.04 -0.60 0.12 0.02 -0.92 11.37 2.18 1.06 0.23 0.04 -0.64 

Selu 0.64 0.06 -0.20 0.80 0.24 -0.10 0.78 0.04 -0.11 0.42 0.10 -0.38 15.49 3.53 1.19 0.54 0.11 -0.27 

Selpb 0.05 0.01 -1.34 0.09 0.00 -1.06 0.05 0.01 -1.33 0.05 0.01 -1.34 1.99 0.05 0.30 0.04 0.00 -1.40 

Sepp1 0.26 0.04 -0.58 0.41 0.12 -0.39 0.44 0.02 -0.35 0.79 0.18 -0.10 8.40 0.35 0.92 0.66 0.08 -0.18 

Selo 0.09 0.02 -1.05 0.16 0.04 -0.80 0.08 0.01 -1.12 0.02 0.00 -1.61 4.53 0.61 0.66 0.18 0.06 -0.75 

Sepx1 0.15 0.02 -0.83 0.27 0.01 -0.56 0.16 0.00 -0.79 0.09 0.02 -1.05 4.83 0.13 0.68 0.14 0.01 -0.86 

SPS2 0.26 0.02 -0.58 0.32 0.07 -0.49 0.17 0.03 -0.78 0.06 0.01 -1.23 6.26 1.20 0.80 0.14 0.03 -0.86 

468 
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Table. 3. Correlation matrix 469 

 Gpx1 Gpx2 Gpx3 Gpx4 Txnrd1 Txnrd2 Txnrd3 Dio1 Dio2 Dio3 Sepn1 Selk Sels Sepw1 Selt Selh Selm Sep15 Seli Selu Selpb Sepp1 Selo Sepx1 SPS2 

Gpx1 1.00 -0.97 -0.85 -0.94 -0.97 -0.97 -0.97 -0.97 -0.97 -0.96 -0.97 -0.71 -0.94 0.16 -0.83 -0.71 -0.98 -0.88 -0.97 -0.97 -0.98 -0.98 -0.97 -0.97 -0.97 

Gpx2 -0.97 1.00 0.90 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.24 0.89 0.72 0.99 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Gpx3 -0.85 0.90 1.00 0.96 0.90 0.89 0.89 0.89 0.89 0.91 0.88 0.72 0.88 -0.37 0.86 0.76 0.86 0.80 0.89 0.90 0.89 0.88 0.89 0.89 0.89 

Gpx4 -0.94 0.96 0.96 1.00 0.96 0.95 0.96 0.96 0.96 0.97 0.95 0.80 0.93 -0.27 0.93 0.85 0.94 0.88 0.96 0.96 0.96 0.96 0.96 0.96 0.95 

Txnrd1 -0.97 1.00 0.90 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.82 0.98 -0.24 0.88 0.72 0.99 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Txnrd2 -0.97 1.00 0.89 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.22 0.88 0.71 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Txnrd3 -0.97 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.22 0.88 0.71 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Dio1 -0.97 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.84 0.98 -0.22 0.89 0.72 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Dio2 -0.97 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.23 0.88 0.71 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Dio3 -0.96 1.00 0.91 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.85 0.99 -0.22 0.90 0.74 0.99 0.96 1.00 1.00 1.00 0.99 1.00 1.00 1.00 

Sepn1 -0.97 1.00 0.88 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.84 0.98 -0.23 0.89 0.73 0.99 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Selk -0.71 0.83 0.72 0.80 0.82 0.83 0.83 0.84 0.83 0.85 0.84 1.00 0.85 -0.01 0.92 0.75 0.82 0.92 0.83 0.83 0.82 0.81 0.84 0.83 0.83 

Sels -0.94 0.98 0.88 0.93 0.98 0.98 0.98 0.98 0.98 0.99 0.98 0.85 1.00 -0.10 0.86 0.68 0.99 0.96 0.98 0.98 0.98 0.97 0.98 0.98 0.99 

Sepw1 0.16 -0.24 -0.37 -0.27 -0.24 -0.22 -0.22 -0.22 -0.23 -0.22 -0.23 -0.01 -0.10 1.00 -0.15 -0.05 -0.15 -0.19 -0.23 -0.22 -0.21 -0.26 -0.22 -0.21 -0.21 

Selt -0.83 0.89 0.86 0.93 0.88 0.88 0.88 0.89 0.88 0.90 0.89 0.92 0.86 -0.15 1.00 0.93 0.87 0.88 0.88 0.88 0.88 0.88 0.89 0.88 0.88 

Selh -0.71 0.72 0.76 0.85 0.72 0.71 0.71 0.72 0.71 0.74 0.73 0.75 0.68 -0.05 0.93 1.00 0.70 0.66 0.71 0.72 0.71 0.72 0.72 0.72 0.71 

Selm -0.98 0.99 0.86 0.94 0.99 1.00 1.00 1.00 1.00 0.99 0.99 0.82 0.99 -0.15 0.87 0.70 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 1.00 

Sep15 -0.88 0.96 0.80 0.88 0.96 0.96 0.96 0.96 0.96 0.96 0.97 0.92 0.96 -0.19 0.88 0.66 0.95 1.00 0.96 0.96 0.96 0.95 0.96 0.96 0.96 

Seli -0.97 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.23 0.88 0.71 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Selu -0.97 1.00 0.90 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.22 0.88 0.72 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Selpb -0.98 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.82 0.98 -0.21 0.88 0.71 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Sepp1 -0.98 1.00 0.88 0.96 1.00 1.00 1.00 1.00 1.00 0.99 1.00 0.81 0.97 -0.26 0.88 0.72 0.99 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Selo -0.97 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.84 0.98 -0.22 0.89 0.72 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Sepx1 -0.97 1.00 0.89 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.98 -0.21 0.88 0.72 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

SPS2 -0.97 1.00 0.89 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.99 -0.21 0.88 0.71 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table. 4. Rotating component matrix 
a
 471 

Component Dio3 Sepx1 Selm Selo SPS2 Sepn1 Dio1 Selu Selpb Gpx2 Seli Txnrd3 Dio2 Txnrd2 Txnrd1 Sels Sepp1 15-Sep Gpx1 Gpx4 Selt Selk Gpx3 Selh Sepw1 

1 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.96 -0.96 0.96 0.93 0.88 0.87 0.78 
 

2 0.14 0.14 
 

0.15 0.14 0.15 0.15 0.15 0.15 0.16 0.16 0.16 0.16 0.16 0.17 
 

0.18 
 

-0.12 0.17 
 

-0.16 0.29 -0.13 -0.96 

a
 Rotating convergence after three iteration 472 
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Figure Legends: 474 

Fig. 1. Effects of H2O2 on the mRNA levels of selenoproteins in the control group. The results 475 

were calculated from at least three independent experiments. * Significant difference from the 476 

corresponding control (P < 0.05). The data are expressed as the means ± SD.  477 

 478 

Fig. 2. Effects of Sepw1 over-expression on the mRNA levels of selenoproteins. The results were 479 

calculated from at least three independent experiments. * Significant difference from the 480 

corresponding control (P < 0.05). The data are expressed as the means ± SD. +Sepw1 indicates the 481 

overexpressing group. 482 

 483 

Fig. 3. Effects of H2O2 on the mRNA levels of selenoproteins in the over-expressing group. The 484 

results were calculated from at least three independent experiments. * Significant difference from 485 

the corresponding control (P < 0.05). The data are expressed as the means ± SD. 486 

 487 

Fig. 4. Effects of Sepw1 silencing on the mRNA levels of selenoproteins. The results were 488 

calculated from at least three independent experiments. * Significant difference from the 489 

corresponding control (P < 0.05). The data are expressed as the means ± SD. -Sepw1 indicates the 490 

siRNA group. 491 

 492 

Fig. 5. Effects of NAC on the mRNA levels of selenoproteins. The results were calculated from at 493 

least three independent experiments. * Significant difference from the corresponding control (P < 494 

0.05). The data are expressed as the means ± SD. 495 

 496 

Fig. 6. The protein levels of Sepw1, Gpx1 and Gpx4. +Sepw1 and +W indicate the overexpressing 497 

groups; -Sepw1 and -W indicate the siRNA groups. 498 

 499 

Fig. 7. Measurements of the antioxidative enzymes activity and MDA levels. The results were 500 

calculated from at least three independent experiments. Bars not sharing a common letter were 501 

significantly different (P < 0.05). The data are expressed as the means ± SD. 502 

  503 

Fig. 8. Principal component analysis. The rotating components in space. Ordination plots 504 

corresponding to the first and second principle components were 90.64% and 4.38%, respectively. 505 

 506 

 507 
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