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Abstract Selenium (Se) plays an essential role
in the growth of fish and performs its physiologi-
cal functions mainly through incorporation into
selenoproteins. Our previous studies suggested that
the selenoprotein W gene (selenow) is sensitive to
changes in dietary Se in rainbow trout. However, the
molecular characterization and tissue expression pat-
tern of selenow are still unknown. Here, we revealed
the molecular characterization, the tissue expres-
sion pattern of rainbow trout selenow and analyzed
its response to dietary Se. The open reading frame
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(ORF) of the selenow gene was composed of 393
base pairs (bp) and encodes a 130-amino-acid pro-
tein. The 3’ untranslated region (UTR) was 372 bp
with a selenocysteine insertion sequence (SECIS)
element. Remarkably, the rainbow trout selenow gene
sequence was longer than those reported for mam-
mals and most other fish. A pl-al-p2-p3-p4-a2 pat-
tern made up the secondary structure of SELENOW.
Furthermore, multiple sequence alignment revealed
that rainbow trout SELENOW showed a high level of
identity with SELENOW from Salmo salar. In addi-
tion, the selenow gene was ubiquitously distributed in
13 tissues with various abundances and was predomi-
nantly expressed in muscle and brain. Interestingly,
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dietary Se significantly increased selenow mRNA
expression in muscle. Our results highlight the vital
role of selenow in rainbow trout muscle response to
dietary Se levels and provide a theoretical basis for
studies of selenow.

Keywords Selenow - Rainbow trout - Dietary
selenium - cDNA cloning - Gene expression

Introduction

Selenium (Se) is an essential micronutrient, which
is involved in a number of pathological and physi-
ological functions in vertebrates. Se deficiency can
cause serious diseases in animals and humans, such
as white muscle disease (WMD), keshan disease and
cardiovascular disease (Rayman 2000). Moreover, Se
mainly functions in the form of selenocysteine (Sec)
through selenoproteins (Gladyshev 2001). Sec is
known as the 21st amino acid (aa) in protein, which
has its own codon (UGA) and Sec-specific biosyn-
thetic as well as insertion machinery (Hoffmann and
Berry 2005). Currently, more than 50 selenoproteins
have been identified across the three domains of life,
including eukarya, archaea, and bacteria (Labunskyy
et al. 2014). The selenoproteins mainly contain the
glutathione peroxidase (GPx) family, iodothyronine
deiodinase (DIO) family, thioredoxin reductases (TR)
family, methionine-R-sulfoxide reductase 1 (MSRB1)
family, thioredoxin-like (Rdx) family, etc. Even
though they all contain Sec, the amount and location
are different in these selenoproteins. Unquestionably,
the UGA functions as a stop codon in the absence of
a cis-acting stem-loop structure, designated Sec inser-
tion sequence (SECIS) element in the 3'-UTR of sele-
noproteins (Walczak et al. 1998). SELENOW belongs
to the Rdx family of selenoproteins and it plays an
important role in antioxidation, responding to stress
and involving cell immunity (Whanger 2009).

The low molecular weight selenoprotein SELE-
NOW has a single Sec in its N-terminal region. It
was initially discovered as a component absent in
Se-deficient sheep with WMD (Vendeland et al.
1995). With the Sec residue at position 13 and
the distinctive hallmark motif, Cys-X-X-Sec, the
selenow isolated from a variety of animals con-
tains 85-88 amino acids. (Whanger 2009). Moreo-
ver, SELENOW is located in the cytosol and the
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ubiquitous signaling adapter protein 14-3-3 is its
target in mammals (Dikiy et al. 2007). Addition-
ally, it has been reported that the Sec is required
for SELENOW and 14-3-3 protein interactions
(Jeon et al. 2016). Furthermore, according to a
recent study, the protein SELENOW is downregu-
lated in mice by RANKL/RANK/tumor necrosis
factor receptor-associated factor 6/p38 signaling
in response to receptor activator of nuclear factor
(NF)-xB ligand (RANKL)-induced osteoclast dif-
ferentiation (Kim et al. 2021).

Up to now, selenow gene has been identified in
human, rat, mouse, monkey, pig, sheep, chicken
(Li et al. 2011), zebrafish (Kryukov and Gladyshev
2000), pearl mussels (Hu et al. 2014), gold fish (Chen
et al. 2015), topmouth culter (Dong et al. 2017) and
yellow catfish (Xu et al. 2020). There were 3 selenow
genes in zebrafish and 2 selenow genes in African
clawed frog whereas just 1 selenow gene was found
in yellow catfish and mammals. However, it is still
unclear why the number of selenow gene was varied
among different species. Although the selenow gene
was expressed in a variety of tissues, including liver,
spleen, kidney, muscle, skin, heart, intestine, etc.,
the tissue profiles were different among various spe-
cies. In mammals, the highest expression levels of
selenow mRNA were in the muscle, heart and brain
(Whanger 2000). Nevertheless, the most abundant
in mussels was in the hepatopancreas, much higher
than in muscle (Chen et al. 2015; Hu et al. 2014). The
expression of selenow mRNA was strongly regulated
by Se concentrations, and Se deficiency could lead to
a decrease in selenow mRNA expression (Chen et al.
2015; Liang et al. 2014; Sunde 2018; Yu et al. 2015).

Rainbow trout are one of the most popularly cul-
tured cold-water commercial fish in the world. Wang
et al. previously showed that the growth performance
of rainbow trout was improved when fish were fed
dietary supplementation with Se-yeast at dietary Se
levels of 3.5-4.3 mg/kg, which is most closely related
to the expression of the selenow gene (Wang et al.
2018). The hypothesis that a specific whole genome
duplication (4R WGD) event occurred in the fam-
ily ancestor of salmonid species between 50 and 100
million years ago is being supported by mounting
evidence. This event is known to have caused dupli-
cate copies of several important genes to be present
in salmonid species (Guyomard et al. 2012; Marandel
et al. 2019). Moreover, the average number of exons
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and introns significantly increased after the 4R WGD
event in common carp (Lv et al. 2020). To the best
of our knowledge, the characteristics of the selenow
gene of rainbow trout have not been determined.

In our study, we cloned the partial cDNA sequence
and detected the expression pattern of the rainbow
trout selenow gene. The effect of dietary Se supple-
mentation on the alterations of selenow expression
was also studied. Our data provided a solid founda-
tion for further investigating the biological function
of selenoprotein in rainbow trout.

Materials and methods

All experiments involving animal care were con-
ducted strictly according to the Guidance for the
Care and Use of Laboratory Animals in China. This
study was carried out under the guidelines of the
Institutional Animal Care and Use Committees of
Huazhong Agricultural University (Wuhan, China).

Fish maintenance and sampling

Healthy rainbow trout (mean body weight: 6.6 +1.0 g,
mixed-sex) were kindly provided by Professor Zhen
Xu from Huazhong Agriculture University (HZAU).
Before gene cloning experiments, the fish were accli-
matized to laboratory conditions in a circulating
water tank by keeping the temperature at~17 °C and

Table 1 PCR primer sequences for selenow from rainbow trout

were fed a commercial diet (Hubei Haid Feeds Com-
pany, Wuhan, China) twice a day (09:00 and 16:00).

The fish were sampled to clone the cDNA sequence
of the selenow gene and examine its mRNA expres-
sion profile in various tissues. They were euthanized
with tricaine methane sulfonate (MS-222, 100 mg/L)
before dissection, and then the liver, spleen, kidney,
head kidney, heart, brain, dorsal muscle, abdominal
muscle, foregut, midgut, hindgut and gill were rapidly
collected on ice. They were rapidly frozen in liquid
nitrogen until RNA extraction.

RNA extraction and cDNA synthesis

Total RNA was extracted from different tissues using
TRIzol Reagent (Invitrogen, USA) according to the
manufacturer’s protocol. The purity and concentra-
tion of total RNA were determined using a Nanodrop
ND-2000 spectrophotometer (Thermo Electron Cor-
poration, USA). The integrity of the total RNA was
checked by 1.0% agarose gel electrophoresis. The
first-strand cDNA was synthesized from 2 pg of total
RNA by using the Revert Aid™ M-MLV Reverse
Transcriptase Kit (Promega, USA) following the
manufacturer’s protocols. The cDNA products were
stored at—20 °C.

Molecular cloning of selenow gene

To amplify the core sequence of the selenow gene,
different gene-specific primer pairs (selW-ORF-F1/

Primer Sequence (5°-3”) Ta (°C) PE R? Applications
SelW-ORF-F1 ATGAAGATGATTCGTGGGTC 56.0 Cloning of selenow gene
SelW-ORF-R1 TCCCTGGCAGAGCAGGT 56.0

SelW-qPCR-F1 ATCTACTGCGGTGGATGAGGGTAC 61.8 0.99 0.9990 gqPCR of selenow mRNA
SelW-qPCR-R1 CCCAGAGGTTGAAGGTGTGCTTTC 61.8

SelW-outer GAAAGCACACCTTCAACCTCTGGG 61.0 3’RACE (Ist round PCR)
SelW-inner GCCATTGATAAGGTGTTGGGGAA 61.0 3’RACE (2nd round PCR)
Oligo(dT),, GACTCGAGTCGACATCGA(T),, Universal primer for 3’RACE
Linker adapter GACTCGAGTCGACATCG

EFla-F TCCTCTTGGTCGTTTCGCTG 63.0 0.94 0.9973 qPCR of EFla mRNA
EFla-R ACCCGAGGGACATCCTGTG 63.0

B-actin-F GATGGGCCAGAAAGACAGCTA 63.0 0.99 0.9973 qPCR of f-actin mRNA
B-actin-R TCGTCCCAGTTGGTGACGAT 63.0

Ta: annealing temperature; RACE: rapid amplification of cDNA ends; PE: PCR efficiency
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R1) were designed based on the GenBank database
(Table 1). The PCR reactions were performed in a
total volume of 20 pL, including 10 pL premix Taq
DNA polymerase (Yeasen, Shanghai, China), 2 pL
(32 ng) cDNA, 0.8 pL (10 pM) of each primer and
6.4 pL ddH,0. The PCR thermal cycling programs
were set as follows: initial denaturation at 95 °C for
3 min; then 35 cycles of 95 °C for 15 s, annealing
temperature for 30 s and 72 °C for 40 s; 72 °C for
7 min and 16 °C for 5 min.

To gain the 3'-untranslated region (UTR) sequence
of the selenow gene, we designed two gene-specific
primers according to the core cDNA sequence of
this gene and performed the 3’ rapid amplification
of cDNA ends (RACE) PCR with the linker adapter
(Table 1). In a first-round PCR reaction with first-
strand cDNA as the template, the 3" RACE Oligo
(dT),, primer and the SelW-outer primer were used.
The 3'RACE Linker adapter and the SelW-inner
primer were used in a second-round PCR reaction
with the diluted product of the first-round PCR reac-
tion as the template. The first-round PCR conditions
were as follows: denaturation at 95 °C for 3 min; 31
cycles of denaturation at 94 °C for 30 s, annealing at
71 °C for 30 s, and extension at 72 °C for 45 s; 20
cycles of denaturation at 94 °C for 30 s, annealing at
56 °C for 30 s, and extension at 72 °C for 45 s; and
a final extension at 72 °C for 10 min. The second-
round PCR conditions were the same. All the primers
were synthesized by the Tsingke Biotech Company
(Wuhan, China). All PCR products were detected by
1.5% agarose gel electrophoresis, and products were
purified using an AxyPrep™ gel extraction kit (Axy-
gen, USA). 4.5 pL of purified PCR products were
ligated into a 0.5 pL pMDI18-T vector with another
5 pL Solution I (TaKaRa, Japan). Subsequently, 10
pL of ligated products were transformed into 100 pL
competent Escherichia coli DH5@ cells (TaKaRa,
Japan) at 16 °C for 3 h, and then mixed with 8§90
pL LB liquid medium and cultured at 37 °C for
1 h. Three selected positive colonies were checked
by PCR and agarose gel electrophoresis and were
sequenced by the Tsingke Biotech Company (Wuhan,
China).

Quantitative real-time PCR (qPCR)

gPCR was used to detect mRNA expression levels of
the selenow gene in various tissues of rainbow trout
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using a QuantStudio 6 Flex Real-Time PCR Sys-
tem (Applied Biosystems, USA). The gene-specific
primer pairs for gPCR were designed based on the
cloned cDNA sequence of the selenow gene (Table 1).
The EFla and f-actin genes were used as internal
control genes. The PCR reaction mixture consisted
of 10 pL Hieff®qPCR®Green Master Mix (Yeasen,
Shanghai, China), 4.4 pL ddH,0O, 4 pL cDNA (10
times dilution of the template) and 0.8 pL of each
gene-specific primer (10 pM) in a total volume of 20
pL. The qPCR of each sample was performed in trip-
licate according to the following conditions: 95 °C for
10 min, followed by 40 cycles at 95 °C for 15 s, 63 °C
for 30 s and 72 °C for 30 s respectively. At the end of
each PCR reaction, amplification curve and melting
curve analyses were performed to check the integrity
of the reaction and the quality of the product, respec-
tively. To compare gene expression of selenow gene,
the 2724 method was adopted to calculate the rela-
tive expression levels of the target gene (Livak and
Schmittgen 2001).

Se diets

Healthy rainbow trout (mixed-sex) were purchased
from the Enshi Guoxi Fishery Development Co.
Ltd. (Hubei, China). Three diets—the Se-deficient
diet (DSe), the Se-adequate diet (ASe) and the Se-
excessive diet (ESe), were supplemented with Se-
yeast (Angel Yeast Co., Ltd., Hubei, China, total Se
content: 4 g/kg) at doses of 0, 4.0 and 16.0 mg/kg
(Zhang et al. 2021). Dietary Se contents were meas-
ured by inductively coupled plasma-atomic emission
spectrometry (ICP-MS) (Agilent 7500 ¢, Yokogawa
Analytical Systems, Tokyo, Japan), and the actual Se
contents in each diet were 0.09, 3.72 and 16.44 mg/
kg, respectively. Water with a total Se content of
0.34 pg/L was detected. Fish were fed experimen-
tal diets for 10 weeks, and their muscle, spleen, gut,
liver and brain were used for the determination of the
mRNA level for the selenow.

Sequence analysis

The cDNA sequence and the deduced amino acid
sequence were compared with the sequences in the
GenBank database using the NCBI BLAST pro-
gram. The theoretical isoelectric point and molecu-
lar weight of the amino acid were predicted using
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ExPASy (https://web.expasy.org/compute_pi/).
The phosphorylation sites were predicted by using
ExPASy (https://prosite.expasy.org/). The SECIS
structure was predicted by using Seblastian (https://
seblastian.crg.es/). Amino acid sequence similar-
ity and identity were computed using the Sequence
Manipulation Suite (http://www.bio-soft.net/sms/
index.html). The Clustal W program in MEGA 6.06
and BoxShade (http://www.ch.embnet.org/software/
BOX_form.html) were used for multiple sequence
alignments. The phylogenetic tree of vertebrate
SELENOW was constructed with Mega 6.06 by the
neighbor-joining method, and the reliability was
evaluated by the bootstrap method with 1000 rep-
licates. The three-dimensional structure of SELE-
NOW was established based on mouse SELENOW
as the template using SWISS-MODEL (http://www.
swissmodel.espasy.org).

One-way analysis of variance (ANOVA) test
was performed on the data using SPSS 19.0 soft-
ware (IBM, USA). The Duncan’s multiple range
test revealed that there were significant differences
between the treatments. The difference was consid-
ered to be statistically significant if P <0.05. All data
were presented as the mean =+ standard error of mean
(SEM) (n=3). All histograms were plotted using
GraphPad Prism 8.0 software.

Result

Characterization of rainbow trout selenow cDNA and
protein sequence

The partial cDNA sequence of the selenow gene was
cloned from rainbow trout (Fig. 1). Selenoprotein W
cDNA covered 765 nucleotides with an ORF of 393
nucleotides encoding 130 aa and a 3’-UTR of 372
nucleotides. The 3’-UTR contains one mRNA unsta-
ble motif (ATTTA). There are three protein kinase ¢
phosphorylation sites in the SELENOW at the amino
acid residue 7 (SLR), 35 (SRR) and 103 (SKK),
together with three casein kinase II phosphoryla-
tion sites at the amino acid residue 68 (TQLE), 103
(SKKE) and 119 (TLVD).

The amino acid in SELENOW was estimated
to possess a theoretical isoelectric point (PI) and
molecular weight (MW) of 9.01 and 14.713 kDa,

respectively. The TGA (terminal codon) codes for the
Sec in the 57th aa residue of SELENOW.

SECIS element analysis of selenow

One SECIS element was discovered in the 3'-UTR
of selenow using SECISearch3, resulting in a stem-
loop secondary structure of the mRNA sequence
(Fig. 2). The SECIS element of selenow was 81 bp.
The type I SECIS element, which is found in the
selenow mRNA, contains two helixes, an apical
loop, one internal loop and a quartet of non-Wat-
son—Crick tandemly linked bases (GA quartet).
The GA quartet, which includes the conservative
sequences UGAN and GA at the 5’ and 3’ bases of
the stem, was found under 10 bp helix II and was
made up of 4 non-Watson—Crick interacting base
pairs. Under the SECIS core, the internal loop and
helix I were found.

The predicted three-dimensional structure of rainbow
trout SELENOW

The predicted 3D molecular modeling of rainbow
trout SELENOW was shown in Fig. 3. Based on
the secondary structure analysis, the rainbow trout
SELENOW 3D model contained two a-helices, four
p-sheets, and two loops. The amino-terminal to car-
boxy-terminal structure of the rainbow trout SELE-
NOW followed a pattern of pl-ol-p2-p3-p4-a2.

Homology and phylogenetic analysis

The rainbow trout SELENOW shared many con-
served or identical regions with other known ver-
tebrates, according to multiple sequence alignment
(Fig. 4). The amino acid sequence of SELENOW
contained a conserved motif of *CXXU%’. According
to the predicted amino acid sequence comparisons,
the rainbow trout SELENOW had the highest similar-
ity (94.6%) with the SELENOW of Atlantic salmon
(Salmo salar), followed by 53.5% of similarity with
common carp (Cyprinus carpio) and zebrafish (Danio
rerio) (Table 3).

The rainbow trout SELENOW was initially
grouped with the SELENOW of Atlantic salmon, and
later these two species were grouped with the four

@ Springer
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BIGAAGATGATTCGTGGGTCGCTCCGCCTTATTTATTTCATAACAACGTCAAATATCAAG
MEMIRGSLRLIYFITTTSNTIK

GAAATTGCCTTACACCGACAACCCTTTTGCAACTACTATCTCTCTCGGAGAAGGGCTGCT
RQPFCNYYLSRRTRAA

GCGATTTGCGATATGGGAGTCAAAGTTCATATCATCTACTGCGGTGGATGAGGGTACAGG
/\[CDMGVKVH[]YCGGGYR

CCCAAGTTCACCAGACTCAAGACACAGCTTGAGGATGAATTCCCAGGTGATCTTGAGATT
PKFTRLKTQLEDETFPGDTLTETI

ACTGGTGAAAGCACACCTTCAACCTCTGGGTGGTTCGAGGTGGAGGTGAATGGCAAGTTG
STPSTSGWEFEVEVNGKL

GTCCACTCAAAGAAGGAGGGGTCAGGCTTTGTGGACAACGAGCAGAAAATGGCAACATTG
S KKEGSGFVDNEQKMATL

GTTGATGCCATTGATAAGGTGTTGGGGAAAREE
VDATITDKVLGK *

ggtgecctgeagattgettcaactectacagtggeactgettttgtaagatggtgggtga
taacaaagggagaatatactgtttatttgtcattgaaacataacatttcaattgagette
ttacattgttccattattttaacttttaggeatgggcaagetttaaaacatttaacattg
tatgtatcttcccaaatgttgatgegactatgaaatgecaagttcttaacttaaaaaaaaa

Fig. 1 Nucleotides and 1
deduced amino acid
sequences of the selenow 1
c¢DNA from rainbow trout.
The start codon (ATG) and .
stop codon (TAA) of open 61
reading frame are marked 21 ET AL
as gray shadow and the
TGA codon is in bold and
selenocysteine (TGA, U) 191
are boxed. Lowercase letters
indicate the 3'-untranslated 4]
region (UTR), where the
predicted selenocysteine
insertion sequence (SECIS) 18 1
is indicated by dashed line. 61
The mRNA instability motif
(ATTTA) is underlined with
the broken line. The phos-
phorylation sites are under- 241
lined with thin lines under 81 T G E
amino acid sequences. The
GenBank accession number
of this gene is listed in 301
Table 2
101V I
361
121
394
454
514
574
634
694
764 aaaaaaaaaaaa

Cyprinidae fishes into a branch according to the NJ
phylogenetic tree of deduced SELENOW amino acid
sequences. This branch of fish was totally distinguish-
able from the mammal, bird and amphibian groups
(Fig. 5).

Expression pattern analyses of selenow gene in
different tissues

The distribution of selenow expression among vari-
ous rainbow trout tissues was quantified using qPCR
(Fig. 6). Results showed that selenow transcripts
were broadly expressed in thirteen examined tissues
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at different levels. The dorsal muscle exhibited the
highest level of expression, followed by the abdomi-
nal muscle and brain. The expression of selenow tran-
scripts was low in the spleen, kidney, head kidney,
heart, gill, liver and gut.

Transcription response of selenow to Se levels in
diets

To investigate the response of the selenow to Se lev-
els in diets, rainbow trout were fed with three diets:
the Se-deficient diet (DSe, 0 mg/kg), the Se-adequate
diet (ASe, 4 mg/kg), and the Se-excessive diet (ESe,
16 mg/kg), respectively. After 10 weeks, we detected
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Table 2 The vertebrate species and their GenBank accession
numbers for selenow gene used in multiple sequence alignment
and phylogenetic analysis

Gene Species name GenBank accession No

selenow  Oncorhynchus mykiss MW732485
Salmo salar XP013984435.1
Danio rerio NP840072.3
Carassius auratus AJM71500.1
Cyprinus carpio AIM71499.1
Ctenopharyngodon idella  QLF98900.1
Gallus gallus NP001159799.1
Xenopus tropicalis NP001291715.2
Mus musculus NP033182.1
Homo sapiens NP003000.1

the total Se content in the muscle to confirm the effect
of Se-supplementation. The results indicated that the
Se-supplement increased the Se content in muscle
effectively (Fig. S1). Next, we detected the expres-
sion levels of selenow mRNA in the muscle, brain,
spleen, liver and gut. The expression level of selenow
mRNA of the DSe group showed a declining ten-
dency in comparison to the ASe group among all five
investigated tissues. Interestingly, the mRNA level of
the selenow gene was significantly decreased only in
the muscle (P<0.01). However, the ASe group and
the Ese group did not significantly differ in terms

Fig. 2 Structure of putative
selenocysteine insertion

N
sequence (SECIS) element NNy
(residues 433-513) in the g NE}‘
3’-UTR of selenow from "{'ﬂ‘ N
rainbow trout. Schematic Ny gN
representations of SECIS NN
structures of type I, I and L )
selenow N N Helix II
NN
NN
NN
8 z :’— Quartet
NU
RA GN
N GA N
JJ\I ke r;l‘l Int Il I
nternal loop
M N
N N

Helix I

ZZ2ZZZ2Z2Z2Z
zZ2ZZzZzZzZzZ2Z

g
T
m

D
zZ szf_|

of selenow expression level (Fig. 7). These results
revealed that the selenow gene could respond to Se
levels in diets and was sensitive in muscle.

Discussion

Understanding the structure of selenoproteins is cru-
cial to comprehending their biological functions. In
the current study, we identified the cDNA sequence of
selenow from rainbow trout. The determined amino
acid sequence of SELENOW from rainbow trout and
the selected animals both shared the 3*CXXU>’ motif,
which suggests that the function of SELENOW in
rainbow trout may be similar to that of SELENOW in
other vertebrates. However, fish, chicken and amphib-
ians did not include the conserved amino acid Cys
37" which is found in mammals’ SELENOW, and
the Cys 37" was substituted by threonine, arginine
or aspartic acid, respectively. It was thought that the
amino acid Cys 37" in mammals was involved in the
binding of glutathione and SELENOW (Beilstein
et al. 1996; Dong et al. 2017; Gu et al. 1999). Further
investigation is necessary to determine whether the
loss of the SELENOW residue Cys 37™ would result
in any variations between non-mammals and mam-
mals. It’s interesting to note that the SELENOW of
rainbow trout and Atlantic salmon is longer than that
of other vertebrates. It is likely due to the 4R WGD

/ Apical loop \/-¢4/¢
1

1 :
N /_,1,4/4/¢ 1* uCAA, Apicalloop

1 . G G
mN 7" Helix I y A
N C
A
N %C cG U
N N Internal loop IT UG
NN CG
YG GU
NN uG .
NN GC Helix II
NN Gu
NN U Cé
NN % A
N @D Quartet (SECIS core)
GY @» Non-Watson-Crik motif
N K 7= X}
AGN A® AAA
GA N u o
uw ';l\‘ é 8
N a8 & Internal loop I
N u UC
NN N UauC
4 CcCG
NN AC .
NN GC Helix I
NN UA
N N UG
NN CcCG
NN CcCG
NN UA
Type 1l selenow
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Fig. 3 The 3D structure of
rainbow trout SELENOW
was unlabeled (a) or labeled
with letters (b) generated
based on the crystal struc-
ture of mouse SELENOW.
The letter of N and C
denoted N- and C-terminal,
respectively. The letter of o
and f indicated a-helix and
b-sheet, respectively

Fig. 4 Multiple alignment
of the deduced rainbow
trout SELENOW amino
acid sequences with those
of other vertebrates,
derived using the ClustalW
program. The identical
residues are indicated in
black and marked with an
asterisk (*). Conserved and
semi-conserved residues are
indicated by gray shad-
ing, marked with a dot (.).
Absent amino acids are
indicated by dashes (-)

Oncorhynchus mykiss
Salmo salar

Danio rerio
Cyprinus carpio
Gallus gallus
Xenopus tropicalis
Mus musculus
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Cyprinus carpio
Gallus gallus
Xenopus tropicalis
Mus musculus

Homo sapiens

loop2
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(LVHSKKNGDGFVDSESK

[
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(OREDEFPGILETTGENTPSTRG
EGTPSTTG
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pIL041P GLALNTIVGE G TR G E VSENGK LVHSKRNGDGHV DIDENK ENK A TBAA LI
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pOE D FPGLD T8GEG PR GRFEVIVAYGK LIS KKIGDGYVDRESKIGMK L VAN THAALAOR

consensus Tk ok ko Rk ko kR kL Rk
Table 3 Amino acid sequence homology of SELENOW in event that occurred in the salmonid, similar to the
Oncorhynchus mykiss with other known sequences cyprinid (Guyomard et al. 2012).
Gene Species name Similarity (%) Identity (%) The stem-loop secondary structure, which is found
in the 3’-UTR of all eukaryotic and archaeal seleno-
SELENOW Salmé salér 94.6 4.6 protein mRNAs, was predicted to be present in the
Dam? rene 533 47.3 rainbow trout SELENOW mRNA (Aachmann et al.
Cyprinus carpio 53.5 48.8 2007; Chambers et al. 1986; Labunskyy et al. 2014;
Gallus gallus — 43.4 32.6 Low and Berry 1996). Additionally, the SECIS com-
Mus musculus 46.6 359 .
ponent was necessary for translating UGA Sec codons
Homo sapiens 46.9 354
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Fig. 5 Neighbor-joining
(NJ) phylogenetic tree con-
structed based on deduced
amino acid sequences using
MEGA 6.06. The GenBank
accession numbers are
behind the species

Fig. 6 Tissue distribu-
tion of relative expression
levels of selenow mRNAs
in rainbow trout. gPCR
was used to investigate the
distribution of the selenow
expression in different
tissues from rainbow trout
at the mRNA level. EFla
and f-actin were used as
internal control genes for
the relative quantification
of cDNA in PCR reactions.
The data were expressed
as the mean fold change
(mean +SEM, n=23)
relative to the foregut. Bars
that share different letters
indicate significant differ-
ences among various tissues
(P<0.05)

Fig. 7 Transcriptional
response of selenow in mus-
cle, spleen, liver, gut and
brain of rainbow trout fed to
three Se levels of diets. The
reference genes are EFla
and f-actin. The data were
expressed as the mean fold
change (mean+ SEM, n=3)
relative to the ASe group.
Values with significant
differences compared to the
ASe group are indicated by
letters (P <0.05)
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structure of rainbow trout SELENOW mRNA con-
tains two helixes, an apical loop, an internal loop and
a GA quartet, which is similar to the SECIS structure
of SELENOW in fish and birds. Some conservative
domains were crucial for the SECIS components of
rainbow trout SELENOW. The core of SECIS was the
GA quartet. Kink-turn motifs were distinguished by
the tandem of G.A/A.G base pairs (Dong et al. 2017;
Goody et al. 2004; Matsumura et al. 2003). The GA
quartet is the primary component of SECIS so that
it can interact with SECIS binding protein 2 (SBP2).
According to RNA-footprinting studies, SBP2 pre-
dominantly binds to the GA quartet, the 5'-strand of
the internal loop and the top half of helix I (Fletcher
et al. 2001). In addition, it was necessary for Sec
incorporation to get the conservative AAR motif
in the apical loop (Martin et al. 1998). Depending
on whether an additional loop is present or absent,
eukaryotic SECIS elements are typically categorized
as forms I or II, respectively (Chapple et al. 2009).
Besides, the top of the SECIS element lacks an addi-
tional tiny stem-loop. As a result, the SECIS of rain-
bow trout SELENOW belonged to the SECIS I form.
In contrast to mammals, it was similar to the SECIS
structures of fish, shellfish and birds (Xu et al. 2020).
However, further investigation is needed to determine
the function of the additional tiny stem-loop.

Many researchers have found that the selenow
gene displays different expression patterns in a vari-
ety of tissues, including muscle, spleen, liver and
brain (Chen et al. 2015; Dong et al. 2017; Gu et al.
1999; Hu et al. 2014; Li et al. 2011; Xu et al. 2020).
In humans, selenow gene expression was high in the
muscle and heart, while in chickens, selenow was
the predominant expression in nervous tissue, mus-
cle, gizzard, blood vessel and cartilaginous tissue
(Li et al. 2011). In the yellow catfish, the expression
of the selenow gene was high in mesenteric fat, gill,
spleen and muscle (Xu et al. 2020). Similarly, pearl
mussel selenow gene mRNA levels were high in the
hepatopancreas and weak in the hemocytes (Hu et al.
2014). In this study, the mRNA of selenow in rain-
bow trout was extensively distributed in all selected
tissues, including muscle, brain, spleen, kidney, head
kidney, heart, gill, liver and gut. The wide range of
expression of selenow in rainbow trout is consistent
with the previous research. Additionally, the wide-
spread expression of the selenow gene implicates its
multiplicity of biological functions.

@ Springer

It has been known that selenow expression is mod-
ulated by Se levels in rats, mice, sheep and rainbow
trout (Wang et al. 2018; Yeh et al. 1998). Previous
study has shown that selenow level increases with
dietary Se supplementation (Yu et al. 2011). In the
present study, the transcription response of selenow to
dietary Se levels was evaluated in the muscle, spleen,
liver, brain and gut. With the increase of dietary Se
level, the mRNA level of selenow gene was signifi-
cantly increased only in the muscle (P<0.01). We
suspect that the selenow gene might be more sensi-
tive to Se treatment in muscle compared to other tis-
sues. However, Se deficiency reduced the mRNA lev-
els of the selenow in all detected tissues. Excessive
Se increased the selenow expression in the spleen
and liver, but not in the gut and brain. However, the
mRNA level of the selenow gene was increased in low
and high Se concentrations in the spleen and brain in
yellow catfish. Whereas there was no significance in
the mRNA level of selenow in the kidney (Xu et al.
2020). The discrepancy of selenow gene response
to Se levels between the yellow catfish and rainbow
trout might be due to the different Se forms. Together
with these results, the expression profiles in response
to Se levels in various tissues suggest that selenow
may play a vital role in the muscle. There is a major
limitation in this study that could be addressed in fur-
ther research. This study was based on the mRNA
levels but not protein levels. The role of SELENOW
needs further investigation at the protein level.

In conclusion, a novel selenow cDNA was cloned
and characterized from rainbow trout. All analysis of
the sequence, structures and evolution indicates the
selenow belongs to the selenoprotein family. The gene
has been widely expressed in rainbow trout tissues.
Furthermore, our research highlights the vital role of
selenow in rainbow trout muscle response to dietary
Se levels.
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