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Abstract To determine dietary selenium (Se) status regulates
the transcriptions of selenoproteome and activities of
selenoenzymes in chicken kidney, 1-day-old chickens re-
ceived low Se (0.028 mg Se per kg of diet) or super-
nutritional Se (3.0 or 5.0 mg Se per kg of diet) in their diets
for 8 weeks. It was observed that dietary low or super-
nutritional Se did not make renal appearance pathological
changes in chicken. Low Se significantly reduced total anti-
oxidant capability (T-AOC), glutathione (GSH) content, but
malondialdehyde (MDA) content in the kidney increased and
decreased glutathione peroxidase (Gpx) and thioredoxin re-
ductase (TrxR) activity with changes in their mRNA levels.
Super-nutritional Se (3.0 mg/kg) increased T-AOC and GSH
contents then made them reduce, but it reduced MDA content
significantly, elevated then reduced Gpx activity, and de-
creased TrxR activity with changes in their mRNA levels.
Dietary low Se downregulated the mRNA expressions of
Gpx1-4, Txnrd3, Sepn1, Selw, Sepx1, Selh, and SEPSECS.
At super-nutritional Se, most selenoproteins were upregulated
in chicken kidney, but Sepp2 and Sep15 was only upregulated
in Se excess (5.0 mg/kg) bird. These results indicated that

dietary Se status stabilizes normal renal physiology function
via regulation of the selenoprotemic transcriptions and
selenoenzyme activities in avian.
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Introduction

Selenium (Se) is an obligatory nutritional trace element and
participates in many aspects of health such as chemopreven-
tion, neurobiology [1, 2], immune function [3, 4], reproduc-
tion [5], aging [6], carcinogenesis [7], and muscle metabolism
[8, 9]. Poultry is sensitive to Se content of diet [10]. Se defi-
ciency manifested as deformation and necrosis [11] in sheep,
cattle, horses, and chickens [12]. The kidney can be ruled out
as a product of metabolism in the organism and maintain
electrolyte balance. It could also be influenced by Se deficien-
cy or excess, such as predominant pathological changes were
convoluted tubule necroses. Concentration of free Se is the
greatest in the renal cortex [13]. Se could protect the renal
antioxidant function from oxidative damage [14], and Se de-
ficiency or excess causes a lot of selenoprotein resultant met-
abolic disorders in pig kidney [15]. Evidence of cellular dam-
age (i.e., histopathologic and physiologic, including oxidative
stress) was found in kidney systems of young snowy egrets
[16]. Se can protect against oxidative damage which leads to
the overproduction of free radicals that exert deleterious ef-
fects on the kidney [23].

Se is regulated in the body to maintain vi ta l
selenoproteins and to avoid toxicity, and it exerts its bio-
logical effects mainly through its direct incorporation into
selenoproteins as the amino acid, selenocysteine (Sec) [17]

Biol Trace Elem Res (2016) 170:438–448
DOI 10.1007/s12011-015-0470-9

Jing-Xiu Xu, Cong Zhang, and Chang-Yu Cao contributed equally to this
work.

Electronic supplementary material The online version of this article
(doi:10.1007/s12011-015-0470-9) contains supplementary material,
which is available to authorized users.

* Jin-Long Li
jinlongli@neau.edu.cn

1 College of Veterinary Medicine, Northeast Agricultural University,
Harbin 150030, People’s Republic of China

2 Heilongjiang River Fisheries Research Institute, Chinese Academy
of Fishery Sciences, Harbin 150070, People’s Republic of China

http://dx.doi.org/10.1007/s12011-015-0470-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s12011-015-0470-9&domain=pdf


(Fig. S1A). The mRNA for a selenoprotein has two dis-
tinctive properties: UGA in the open reading frame (ORF)
and a specialized stem-loop structure in the 3′ untranslated
region (3’UTR). The stem-loop structure is known as a
selenocysteine insertion sequence (SECIS) element
[18].Three unique trans-acting factors are vital for
selenoprotein synthesis. tRNA[ser]sec has the anticodon
for UGA. It is initially charged with serine, which is then
phosphorylated by O-phosphoseryl-tRNA[ser]sec kinase
[19]. The phosphoserine attached to tRNA[ser]sec is con-
verted to selenocysteine by selenocysteine synthase, using
monoselenophosphate as the Se donor [20]. Selenocysteyl-
tRNA[ser]sec binds to another vital trans-acting factor, the
specific elongation factor EFsec [21]. EFsec binds to the
third vital trans-acting factor, SECIS-binding protein 2
(SBP2). In addition to binding EFsec, SBP2 has binding
s i tes for the SECIS element and the r ibosome.
Selenoproteins play an important role in the kidney func-
tion. There are intriguing relationships between Se physi-
ology and several derangements associated with acute and
chronic kidney disease. Selenoproteins and selenoenzyme
can protect the normal function of the kidney [22]. How-
ever, effects of dietary Se on selenoproteome in chicken
kidney are yet unclear.

Selenoproteome is a set of selenoproteins in eukaryotes and
prokaryotes. Avian selenoproteome consists of 24
selenoproteins. Several selenoproteins have been character-
ized as antioxidant enzymes, serving to alleviate damage
caused by reactive oxygen species (ROS) [23]. Some antiox-
idant enzymes contain Se called selenoenzymes; the most im-
portant metabolic roles of Se in cells are due to its function in
the active site of these enzymes, for example glutathione per-
oxidase (Gpx) and thioredoxin reductase (TrxR) [24]. Gpx
activity is essential for avoiding peroxide-generated oxidative
damage and is provided by different families of enzymes,
namely selenoglutathione peroxidases (Gpx; EC 1.11.1.9; glu-
tathione: hydrogen-peroxide oxidoreductase) [25]. The
thioredoxin (Trx) system catalyzes the reduction of protein
disulfides such as in ribonucleotide reductase, an enzyme es-
sential for DNA synthesis [26]; thioredoxin peroxidases
(peroxiredoxins), critical enzymes in the defense against oxi-
dative stress [27]; and protein disulfide isomerase (PDI). Most
selenoproteins in the kidney are intracellular enzymes with
their activities relying upon a single selenocysteine residue
in their main structures [28]. Although 24–25 selenoprotein
genes were identified in mammals [26], only a few studies
have determined collective responses of these genes to dietary
Se concentrations ranging from deficiency to moderately high
levels in chicken kidney [29, 30]. The transcriptional response
of Se is dependent selenoprotein genes. Thus, systematic data
are needed to link selenoprotein and relationship between Se,
selenoproteins, selenoenzymatic, and antioxidant function in
the kidney, and associated study on poultry is still a vacancy.

Here, we tested Gpx, total antioxidant capability (T-AOC),
malondialdehyde (MDA) content, 24 selenoproteins, and 7
related genes (Table S2). Our results will describe changes
for selenoproteome related to dietary Se at low or super-
nutritional levels and the resultant metabolic disorders in
chicken kidney which have yet to be determined before.

Materials and Methods

Animals and Treatment

Expt. 1 Chickens (Hy-Line VarietyWhite, n = 120, 1 day old)
were fed four different diets, each holding 30 chickens (cocks
and hens were randomly distributed). All the groups were feed
basal diet (Table S1) except Se. Four experimental diets were
prepared as 0.028 mg/kg Se (low), 0.15 mg/kg Se (standard),
3.0 mg/kg Se (excess I), and 5.0 mg/kg Se (excess II). Feed
(corn and soybean meal) was from Longjiang County, Hei-
longjiang province, which is a typically Se-deficient area in
China. All other environmental conditions were maintained in
accordance with existing norms for the facility. Two identical
feed troughs were attached side by side to each cage front. On
the seventh day, inoculate Newcastle disease virus and infec-
tious bronchitis vaccines were given; on the 14th day, IBD
vaccine; and on the 21st day, Newcastle disease vaccine.Men-
tal state, diet condition, feathers, feces, and other ten indicators
were observed with eye viewing and recorded. At the end of
the second, fourth, sixth, and eighth week, experimental
chickens were fasted for 24 h before weighting and sacrific-
ing. Kidney samples were collected for analysis. Frozen
chicken kidney samples were homogenized, the homogenized
samples were centrifuged, and the supernatant was transferred
to fresh tubes.

Expt. 2 Chickens (n = 32, 1 day old) were treated as Expt. 1.
At the end of the eighth week, chickens were sacrificed. The
removed kidney tissue is stored in the locker as an extracted
RNA sample (CAT3060, Beijing Tiandz, Inc., P.R. China).
Chicks were fasted for 24 h before weighting and sacrificing.

Analysis of Kidney Tissue

Every 2 weeks, we randomly selected ten chickens in order to
record their kidneys observing the changes with eye viewing
and pathological tissue slice. Kidney will be cut into small
pieces on the ice packs and were fixed in 10 % formaldehyde
and embedded in paraffin for microscopic examination. Sec-
tions (5 μm thick) were cut and stained with hematoxylin and
eosin (H&E). The pathological changes were observed under
a microscope.
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Se Determination

Se was determined in feed using inductively coupled plasma
mass spectrometry (ICP-MS, Agilent 7500cs-Octopole Reac-
tion Cell, Agilent Technologies, USA). The concentrations of
Se in the kidneys were determined with the calibration curve
method and compared among the non-, H2, and D2 reaction
modes.

Determination of Antioxidant Function

Determination of Protein Content

The protein content was measured with a protein quantitative
detection kit (A045-2, Nanjing Jiancheng Bioengineering In-
stitute, P.R. China). Bovine serum albumin (BSA) was used to
construct the standard curve.

Determination of Reduced Glutathione Content in the Kidney

The glutathione (GSH) content was measured with a GSH
detection kit (A006-1, Nanjing Jiancheng Bioengineering In-
stitute, P.R. China) according to the manufacturer’s protocol.
By measuring dihydronicotinamide adenine dinucleotide
phosphate (NADPH) oxidation in the presence of oxidized
glutathione, and we used tert-butyl hydroperoxide as the per-
oxide substrate.

Determination of Total Antioxidant Capability in the Kidney

The T-AOCwas measured with a T-AOC detection kit (A105,
Nanjing Jiancheng Bioengineering Institute, P.R. China) ac-
cording to the manufacturer’s protocol by converting Fe3+ into
Fe2+, whereas the latter forms complexes with phenanthroline
substances, which can be measured by a spectrophotometer.

Determination of MDA Content

The content of MDA in kidney was carried out with a MDA
detection kit (A003-1, Nanjing Jiancheng Bioengineering In-
stitute, P.R. China) according to the manufacturer’s protocol.
By using the thiobarbituric acid method in which MDA, the
degradation product of lipid peroxidation, condenses with
penthiobarbital and generates a red product with measurable
absorbance by a spectrophotometer.

Selenoenzymes Activities Assays

Determination of Gpx Activities in the Kidney

The Gpx activity was measured with a Gpx detection kit
(A005, Nanjing Jiancheng Bioengineering Institute, P.R. Chi-
na) according to the manufacturer’s protocol. Gpx catalyzed

GSH into GSSG, and glutathione reductase can use NADPH
to catalyze GSSG into GSH; reduction of NADPH can be
calculated through testing the vitality of glutathione peroxi-
dase level.

Determination of TrxR Activity in the Kidney

TrxR catalyzed NADPH and made 5, 5′-dithiobis (2-
nitrobenzoic acid) (DTNB) into trinitrobenzene (TNB). By
measuring the increase of TNB at 412 nm, activity of TrxR
can be calculated [31].

Analysis of mRNA Expressions of Selenoproteins and Factors
Associated with the Regulation of the Selenoprotein Synthesis

Total RNAwas isolated from the kidneys using the RNAout
reagent (CAT: 3070, Beijing Tiandz Inc., P.R. China) accord-
ing to the manufacturer’s protocol. The dried RNA pellets
were resuspended in 40 μL water that was diethyl-
pyrocarbonate treated. The content and purity of the total
RNA were determined spectrophotometrically at 260/
280 nm. The total RNA was immediately used to synthesize
cDNA.

First-strand cDNA was synthesized from 10 μg of total
RNA using Oligo(dT) primers and Transcript Reverse Tran-
scriptase (Beijing TransGen Biotech Co. Ltd., P.R. China)
according to the manufacturer’s instructions. Synthesized
cDNA was diluted ten times with sterile water and stored at
−20 °C before use.

Primer Analysis Software (Oligo 7.24, Molecular Biology
Insights, Inc. USA) designs specific primers (Table S1). The
relative mRNA expressions of 24 selenoproteins and 7 factors
associated with the regulation of the selenoprotein synthesis
genes were assayed by qPCR array. To perform the qPCR
array, GoTaq® qPCR Master Mix (A6001, Promega, USA),
primers, template, and nuclease-free water (Promega, USA)
were added to form the reaction mixture (final volumes
20 μL) in one plate according to the manufacturer’s instruc-
tions. The qPCR array was performed on a 7500 Real-Time
PCR System (Applied Biosystems, USA).

Four internal reference comparisons (β-actin (Actb), glyc-
eraldehyde 3-phosphate dehydrogenase (GADPH), 18S ribo-
somal RNA (18srRNA), ribosomal protein L19 (RPL19))
were designed (Table S2). All data were normalized to the
four internal control genes, and the relative expression levels
were calculated using the 2−ΔΔCt method [29]. When the soft-
ware analyzes the data, it uses the mean value of Ct value of
the selected four internal control genes to make the baseline
correction. Data analysis of mRNA expression was analyzed
using the GeneCopoeia-FulenGen qPCR Array data analysis
system online (http://www.genecopoeia.com/product/qpcr/
analyse2/index.php).
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Statistical Analysis

The data were analyzed statistically using GraphPad Prism 5.1
(GraphPad Software Inc., USA). One-way analysis of vari-
ance (ANOVA) and the least significant difference (LSD) post
hoc test were used to analyze the data. Differences between
the means of data were analyzed by the paired T test which
was utilized to determine the effects of Se supplementation.
The results were expressed as mean ± S.D. of different groups.
The significant differences of all data were showed by
ANOVA of each experiment. P < 0.05 is considered signifi-
cant unless otherwise stated.

Results

Effects of Dietary Se Status on Chicken Kidney

As can be seen in Fig. 1, the weight of chicken in the low Se
group was smaller than that in the standard group which was
reported in previous paper [10] and its feather was fluffy and
messy. In Se excess groups (3.0 and 5.0 Se mg/kg), the size of
chickens can be seen a little bigger than those in the standard
group. Dietary Se content did not affect kidney performance,
no significant differences observed in appearance, symptoms
and pathological changes compared with the standard group
with the other three groups. From the observation of patho-
logical tissue section, kidney glomerulus, tubule, and intersti-
tial showed no lesions (Fig. 1).

Effects of Dietary Se Status on Renal Antioxidant
Function

The levels of Se greatly influence antioxidant defense. Renal
GSH contents in the low Se, excess I, and excess II groups
were all significantly reduced compared with that in the stan-
dard group at the eighth week (P < 0.05) (Table 1). However,
lowered T-AOC activity can be seen significantly in the low
Se group compared with that in the standard group (P < 0.05),
and it increased then decreased significantly in the excess I
and the excess II groups compared with that in the standard
group (P < 0.05) (Table 1). Meanwhile, the MDA content
showed the rising trend in the low Se, the excess I, and the
excess II groups at the eighth week compared with that in the
standard group (P < 0.05) (Table 1).

Effects of Dietary Se Status on the Selenoenzymes
of Chicken Kidney

The activity of Gpx in the low-Se group decreased significant-
ly compared with that in the standard group all the 8 weeks
(P < 0.05). In the excess I group, it decreased significantly at
the eighth week (P < 0.05). In the excess II group, it decreased

significantly at the eighth week (P < 0.05) (Table 1). Gpx1-4
mRNA levels significantly increased in the excess I group
(P < 0.05) and decreased significantly in the low-Se and ex-
cess II groups (P < 0.05) (Fig. 2).

The TrxR activity decreased significantly in response to
low Se at the eighth week compared with that in the standard
group (P < 0.05). In the excess I group, it went up significantly
in the second week and eighth week compared with that in the
standard group (P < 0.05), yet from the fourth week to sixth
week it decreased significantly compared with that in the stan-
dard group (P < 0.05) (Table 1). TXN mRNA level increased
significantly in all the groups compared with that in the stan-
dard group (P < 0.05) (Fig. 2). Meanwhile, Txnrd1 and
Txnrd2 mRNA levels all increased significantly in the low-
Se and the excess I groups (P < 0.05) compared with that in
the standard group, whereas decreased significantly in the
excess II group (P < 0.05); nonetheless, Txnrd3 mRNA level
has no significant changes in the low-Se and excess I groups
compared with that in the standard group; in Se excess II
group, it decreased significantly (P < 0.05) (Fig. 2).

Effects of Dietary Se Status on Partial Selenoproteins
of Chicken Kidney

The effects of low and super-nutritional Se on selenoprotein
mRNA abundance were determined by qPCR in chicken kid-
ney. The levels of Se greatly regulate the expression of several
selenoproteins. All data for mRNA expression of chicken re-
nal selenoproteome was shown in Table S2, and the classifi-
cations of histogram were shown in Figs. 3, 4, 5, 6.

Two kinds of trends can be seen: one was that
iodothyronine deiodinases (Dio1, Dio2, Dio3) mRNA levels
all increased significantly in the low-Se and the excess I
groups (P < 0.05) compared with that in the standard group,
but decreased significantly in the excess II group (P < 0.05),
whereas Dio2 mRNA levels in the low-Se group changed
more obviously than that of Dio1 and Dio3, over ten times
(Fig. 3). Selenoprotein k (Selk), selenoprotein u (Selu), and
selenoprotein p1 (Sepp1) mRNA levels showed the same
trend with Dios, and Selk and Selu altered more significantly
than Sepp1 (P < 0.05) (Fig. 3).

The other trend was that selenoprotein n1 (Sepn1) and
selenoprotein w (Selw) mRNA levels’ variation was sim-
ilar with each other in chicken kidney and decreased sig-
nificantly in the low-Se and the excess II groups
(P < 0.05) but increased significantly in the excess I
group (P < 0.05) (Fig. 4).

Effects of Dietary Se Status on the Selenoprotein
Synthesis-Related Transcription Factors

The effects of low Se and super-nutritional Se on
selenoprotein synthesis-related transcription factors were
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determined by qPCR in chicken kidney. Seven selenoprotein
synthesis-related transcription factors were studied (Fig. 5).
The tRNA selenocysteine-associated protein (SECp43),
phosphoseryl-tRNA kinase (PSTK), and seryl-tRNA synthe-
tase (SARS) mRNA levels were upregulated significantly un-
der low-Se condition (P < 0.05), whereas Sep (O-
phosphoserine) tRNA:Sec (selenocysteine) tRNA synthase
(SEPSECS) mRNA had no expression. Eukaryotic elongation
factor, selenocysteine-tRNA-specific (EFsec), SEPSECS,
SECp43, PSTK, selenophosphate synthetase 1 (SEPHS1),
SECIS-binding protein 2 (SECISBP2), SARS mRNA levels
were upregulated significantly in the excess I group (P < 0.05)
(Fig. 5). PSTK, SEPHS1, and SECISBP2 mRNA levels were
downregulated significantly in the excess II group (P < 0.05),
and SEPSECSmRNAhad no expression (Fig. 5).We saw that
SECp43 and PSTK altered more obviously, then SARS, and
finally EFsec, SEPHS1, and SECISBP2.

Regulation of Low and Super-nutritional Se
of Selenoproteomic Expression Spectrum

We used selenoproteomic expression spectrum to indicate
all selenoproteins and selenoprotein synthesis-related tran-
scription factors [32]. According to different colors, chang-
es of low and super-nutritional Se regulation of the
selenoproteomic mRNA expressions were demonstrated
(Fig. 6). Partial avian selenoproteins including Sepx1,
Selo, Selt, Sels, Sep15, SelI, Selm, and Selh mRNA levels
changed differently. Sepx1 mRNA level was downregulat-
ed significantly in the low-Se and Se excess I groups
(P < 0.05). However, SelI mRNA has no expression in
low-Se and Se excess II groups; Selo was the same with
SelI in Se excess II group (P < 0.05). Meanwhile, in Selt
and Sep15, mRNA levels were upregulated with low-Se
and Se excess (3.0 mg/kg). Moreover, Sels mRNA level
was upregulated in Se excess (3.0 mg/kg) but downregu-
lated in Se excess (5.0 mg/kg) (P < 0.05). In addition, Selh

and Selm mRNA levels were all downregulated with Se
excess (3.0 and 5.0 mg/kg), and this can also be observed
on Selh in low-Se group (P < 0.05) (Fig. 6).

Discussion

In the present study, we observed that kidneys of chickens fed
with low or super-nutritional Se diet evidenced no appearance
changes and the renal pathological section did not show dif-
ferences among the four groups. The nutritional antioxidant
Se ameliorated oxidative stress and loss of cellular antioxi-
dants and suggested that Se efficiently protected the kidneys
[33]. It is reported that Se can protect the kidney antioxidant
defense system [34]. Se influences selenoproteins’ and
selenoenzymes’ activity which is closely related to renal func-
tion [32]. So we tested the antioxidant function of the kidney
to find how Se affected the organism.

GSH and associated antioxidant enzymes are major com-
batants of oxidative stress that influence redox status [35].
GSH also works as a specific substrate for the enzyme Gpx
[36]. Se supplementation was protective of kidney by provid-
ing substantial elevations of GSH levels [37]. Super-
nutritional Se enhanced the endogenous antioxidant capacity,
increasing GSH content. However, the lack of thiol response
in the kidney might indicate that the redox cycling between
the Se compounds and the reduced intracellular GSH in tench
did not occur or other cellular defenses against oxidative stress
were induced to prevent oxidative damage [38], and GSH act
both as a scavenger of various undesired compounds and their
toxic metabolites [39]. Suitable content of Se greatly im-
proved T-AOC and decreased MDA concentration in the kid-
ney [40]. Our result is consistent with previous research. At
low or super-nutritional Se levels, chickens increased kidney
content of MDA, whereas decreased T-AOC. GSH level in-
creased at first and then decreased. Our results indicated that
low or super-nutritional Se increased MDA content, which

0.028 Se mg/kg 0.15 Se mg/kg 3.0 Se mg/kg 5.0 Se mg/kg

200200200200

Fig. 1 The appearance of the
chicken and histopathological
examination. The pathology
slices of kidney tissue of chicken
at the eighth week by a
microscope (×200, HE)
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caused an organism’s GSH to protect itself from oxidative
stress and in turn prevents it from being damaged in detoxifi-
cation reactions.

Measurement of Gpx activity has been used as a marker of
adequacy of intake because activity of the enzyme is propor-
tional to dietary intake [41]. Some studies previously indicat-
ed that low Se can result in inactivation of Gpx and develop-
ment of oxidative stress in the kidneys [41], and induced Gpx
activity in the kidney of juvenile carp fed 1 mg Se/kg diet for
60 days was the result of the enhanced detoxification ability
[42]. In this study, compared with those fed with a normal Se
diet, chicken fed with a low or super-nutritional Se diet display
significant decreases in renal Gpx activities. It is interesting
that Gpx1-4 mRNA levels increased in excess I group, where-
as Gpx activity decreased. We suppose that super-nutritional
Se (3.0 mg/kg) could enhance mRNA levels, but regulation of
mRNA translation can be affected by many factors, such as
microRNAs, or the precursor protein translation requires some
modification and activation, and this process requires effects
of other selenoproteins.

TrxR is a selenocysteine-containing enzyme which cata-
lyzes the NADPH-dependent reduction of Trx and therefore
plays a regulatory role in its metabolic activity [43]. Our re-
sults indicated that low or super-nutritional Se made chicken
renal TrxR activity decrease. It may be because dietary insuf-
ficient Se influences TrxR directly or 3.0 and 5.0 mg/kg Se
excess indirectly as a result of damaging ER. TrxR is much
more vulnerable to oxidative damage than Gpx [44]; hence, its
changes were different from Gpx. Txnrd1 and Txnrd2 had
different trends maybe because Txnrd1 and 2 are mostly cy-
toplasmic and mostly mitochondrial, respectively. Txnrd 3 is
involved in spermmaturation [43]. It is intriguing that Txnrd1,
Txnrd2, and TXN mRNAs increased, whereas TrxR activity
decreased. It may be caused by the same reason as those of
Gpx we mentioned above.

Up to now, 24 selenoproteins were identified in chicken. In
this study, to obtain whether low or super-nutritional Se would
affect the renal selenoprotein transcription, mRNA expres-
sions of all avian selenoproteins were analyzed in chicken
kidney. It reported that 20 selenoprotein mRNAs in mice kid-
ney were identified, including Gpx1, Selh, Sepw1, Selm,
Txnrd1, Dio1, Sep15, and Sels that were significantly down-
regulated in Se-deficient kidney. In this study, Dio1, Dio2,
Dio3, Selk, Selu, and Sepp1 had the same trend that increased
significantly in low Se and 3.0 mg/kg Se excess but decreased
significantly in 5.0 mg/kg Se excess. These results suggested
that dietary Se status influenced the expressions of
selenoprotein mRNAs in chicken kidney. In low Se diet, these
selenoprotein mRNAs’ levels increased significantly but
selenoenzyme activity and antioxidant capacity decreased.
One possible explanation could be the mobilization of the Se
from the liver to the kidney [45]. A selenoprotein hierarchy is
when Se supply is insufficient to support full expressions of allT
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Fig. 2 Effects of dietary low-Se or super-nutritional Se on the Gpx1 (a),
Gpx2 (b), Gpx3 (c), Gpx4 (d),Txnrd1 (e), Txnrd2 (f), Txnrd3 (g), and
TNX (h) mRNA level in the kidney. Four reference comparisons in the

diagram. Symbols for the significance of differences between Se standard
group and another: *P < 0.05

Fig. 3 Effects of dietary low-Se or super-nutritional Se on the Dio1 (a),
Dio2 (b), Dio3 (c), Sepp1 (d), Selu (e), and Selk (f) mRNA level in the
kidney. Four reference comparisons in the diagram. Symbols for the

significance of differences between Se standard group and another at
the eighth week: *P < 0.05
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the selenoproteins, the synthesis of some of them is downreg-
ulated so that others can be expressed more fully. Moreover,
we suggest although Se deficiency made selenoprotein
mRNAs’ expression higher, these selenoproteins did not exert
function or too many selenoproteins accumulating in the kid-
ney competed with each other leading to selenoproteins not
used rationally in the kidney. A 3.0 mg/kg Se excess can
increase kidney function and promoted selenoprotein

mRNAs’ expression; however, 5.0 mg/kg Se excess might
become a harmful accumulation, decrease selenoprotein
mRNA level, and then damage antioxidative function. We
also suggest that too much Se could cause organism disorder
and lead to cell autophagy. Even more noteworthy is Sepp1 is
a biomarker of Se status, the kidney is dependent on
hepatically derived Sepp1 protein as a Se source, and Selu
could potentially be a molecular biomarker of Se status too.

Fig. 4 Effects of dietary low-Se or super-nutritional Se on the Sepn1 (a) and Selw (b) mRNA levels in the kidney. Four reference comparisons in the
diagram. Symbols for the significance of differences between Se Standard group and another at the eighth week: *P < 0.05

Fig. 5 Effects of dietary Se levels on selenoprotein synthesis-related
transcription factor mRNAs in chicken kidney. The percentage of
upregulated or downregulated multiple on relative mRNA abundance of

selenoprotein synthesis factors was compared with the Se standard group
at the eighth week. Four reference comparisons in the diagram: *P<0.05
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Both of them may be near the top of the abundance hierarchy,
so their mRNA levels increased in low Se diet. However, it
needs to be further validated.

We found the effects of dietary Se status on avian Sepn1
and Selw expression were similar in chicken kidney, de-
creased significantly in low Se and 5.0 mg/kg Se excess, and
increased significantly in 3.0 mg/kg Se excess. Gpx3 and
Selw regulation was in agreement with a previous study in
rat’s kidney that these two selenoproteins were highly regulat-
ed by Se [22, 31]; Selw downregulated by dietary low Se was
also associated with our research [22, 31]. Insufficient Se in-
fluenced organism antioxidant capacity that decreased these
selenoprotein mRNA levels. Se status on mRNA regulation
occurs at post-transcription; organism can reduce some
selenoprotein mRNAs to save more important selenoproteins
in chicken kidney because of hierarchy. We noticed that
3.0 mg/kg Se excess could improve kidney function and in-
crease enzyme activity, as selenoprotein mRNA levels in-
creased. However, 5.0 mg/kg Se excess might burden the
kidneys, which caused decreased levels of selenoprotein
mRNA in chicken.

Some studies found that most selenoprotein mRNA ex-
pressions were not significantly regulated by Se status in
mice. In rats’ kidney, Dio1, Dio2, Dio3, Gpx2, Gpx4, Seli,
Selm, Selo, Sepp1, Sels, Selt, Sep15, Txnrd2, and Txnrd3
were expressed but not regulated by dietary Se levels.

However, the authors disagree with these findings. In
chicken kidney, Sepx1, Txnrd3, Sels, and Selt mRNA ex-
pressions differed from one another. It was discovered that
low or 5.0 mg/kg Se excess levels did not affect Selo or
Seli. Sepp2 mRNA levels kept on increasing in low-Se and
5.0 mg/kg Se excess groups. Selh decreased all the time in
low or super-nutritional Se, and Selm decreased in Se ex-
cess. These results may be due to different selenoproteins
in different animal disaffinity. Insufficient Se resulted in
selenoenzyme activity decrease, but mRNAs were not re-
duced in the meantime; 5.0 mg/kg Se excess causes
selenoenzyme activity decrease with mRNAs decreasing.
Se deficiency may not decrease some mRNA transcription,
bu t p r even t mRNAs ’ t r an s l a t i on in to some of
selenoproteins, and Se excess directly affects the expres-
sion of mRNAs. Ultimately, it results in the decrease of
selenoenzyme activity. These discrepancies from observa-
tion let us begin to further analyze on synthesis factors
related to selenoprotein.

Selenoprotein synthesis requires translational recoding
of the UGA codon from a stop signal to a SECIS. Any of
these gene mRNAs’ change may influence selenoprotein
expression. What we can see in our research is that dietary
low Se made PSTK, Secp43, SPS2, and SAR mRNA levels
increase significantly. All these gene mRNA levels in-
creased significantly in 3.0 mg/kg Se excess. They,
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Txnrd3
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Fig. 6 RNA generated
expression values for the 24
selenoprotein transcripts and 7
related factors. Columns represent
kidney expression from
individual chicken fed a 0.028,
0.15, 3.0, and 5.0 Se mg/kg diet.
Rows represent the probe sets.
RNA gene expression is shown
using the indicated pseudo color
scale from green (−10) to red (+
10) relative to values. Green
squares represent increased
significantly (P < 0.05), red
squares represent decreased
significantly (P < 0.05), and gray
squares represent no significant
difference (P > 0.05)
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however, decreased in the 5.0 mg/kg Se excess samples.
Some selenoproteins seemed to change as the same trend
of these genes. The amounts of selenoprotein expression
changes were not fully consistent with these factors. Some
selenoproteins could be expressed in other ways and this
conjecture should be further discussed. It reported that
SBP2 is potentially reduced by the thioredoxin and
glutaredoxin systems, facilitating its relocation to the ribo-
somes and reinitiation of selenoprotein translation [46].
SECp43 plays a role in the formation or stabilization of
the EFSec–SBP2–Sec tRNA[Ser]Sec complex and promotes
the formation and subcellular localization of the
SPS1/SLA/SECp43 complex. SECp43 may also assist in
the decoding of multiple UGA-Sec codons in selenoprotein
and in preventing degradation of selenoprotein mRNAs by
the nonsense-mediated-decay pathway [47]. Some genes
can directly affect the function of selenoenzyme, resulting
in kidney function to reduce, and these genes might influ-
ence each other, all linked with one another. One of these
factors damaged cause of selenoprotein synthesis interrup-
tion, other related factors accumulated. We can also sug-
gest that in low-Se diet, description of selenoprotein syn-
thesis regulation occurs at or before the beginning of the
translation for polyclonal antibody protein or UGA
encoding selenocysteine terminal polypeptide; description
of selenoprotein synthesis regulation occurs at or before
the beginning of translation.

Conclusion

Numerous researches suggested that variational Se intake reg-
ulated the expression of some selenoproteins more than
others. From this observation, the concept of a selenoprotein
hierarchy developed. In the present study, it was observed that
dietary low or super-nutritional Se did not make renal appear-
ance pathological changes in chicken. However, dietary low
Se downregulated the mRNA expressions of Gpx1-4, Txnrd3,
Sepn1, Selw, Sepx1, Selh, and SEPSECS. At super-nutritional
Se, most selenoproteins were upregulated in chicken kidney,
but Selm and Selh were downregulated. These results indicat-
ed that dietary Se status stabilizes normal physiology function
via regulation of the selenoprotemic transcriptions. We hy-
pothesize that hierarchy of regulation of the transcriptions of
selenoproteome makes an important role for renal Se metab-
olism and transport in avian.
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