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Molecular Cloning and Mrna Expression Analysis of
Sichuan White Goose (Anser Cygnoides) Chrebp Gene

ABSTRACT

The carbohydrate response element-binding protein (ChREBP)
is an important nuclear factor that regulates glycolysis and de novo
lipogenesis. However, the role of ChREBP in fatty liver development in
geese remains unclear. In order to understand the function of ChREBP
in lipid metabolism of geese, we first cloned the complete cDNA of the
ChREBP of the Sichuan White goose (Anser cygnoides) using RT-PCR,
5" RACE and 3’ RACE, and analyzed goose ChREBP expression in nine
different tissues using real-time PCR technology. The results showed
that the goose ChREBP CDS consists of 945bp nucleotides that encode
314 amino acids, and the sequence has high similarities with the swan
goose (Anser cygnoides domesticus) and duck (Anas platyrhynchos)
sequences, both at the nucleotide and amino acid levels. The predicted
ChREBP protein had a molecular mass of 35.64 kDa with pl value of
5.36. The phylogenetic analysis indicated its evolutionary relationships
with corresponding orthologous sequences in swan geese and ducks.
The gPCR assays revealed that ChREBP is highly expressed in liver in
the Sichuan White goose. Together, these results indicate that goose
ChREBP may play an important role in the development of hepatic
steatosis.

INTRODUCTION

The transcription factor carbohydrate-responsive element binding
protein (ChREBP, also known as MondoB or MLXIPL) is a basic helix-loop-
helix/leucine zipper (bHLH/LZ) transcription factor that is predominately
expressed in the liver, kidney, and adipose tissue of mammals (Yamashita
et al, 2001; Towle, 2005; Filhoulaud et al, 2013). Its molecular
weight is 96 kDa, and it consists of 864 amino acids (Filhouland et
al., 2013). This protein was found to bind the carbohydrate response
element (ChoRE) and to be involved in the development of metabolic
syndromes and glucose-inducible expression of several genes, including
fatty acid synthase (FAS), acetyl-CoA carboxylase (ACC), stearoyl-CoA
desaturase-1 (SCD1), thioredoxin-interacting protein (TXNIP), and
fibroblast growth factor 21 (FGF21) (Katsurada et al., 1990; Lizuka et
al., 2008; Cha-Molstad et al., 2009; Pang et al., 2009; Jeong et al.,
2011; Zhangetal., 2015). Several lines of evidence suggest that ChREBP
interacts with Max-like protein X (Mix) to form a heterodimer, and this
ChREBP/Mix heterodimer binds to ChoRE for the activation of the
ChoRE-containing promoters in response to high glucose (Stoeckman
et al., 2004; Ma et al., 2005; Uyeda et al., 2006).

In addition, a recent study reported that ChREBP contains several
phosphorylation sites for cAMP-dependent protein kinase (PKA) and
AMP-activated protein kinase (AMPK), and it is likely to be regulated by
these kinases (Kawaguchi et al., 2001). In addition, the phosphorylation
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of amino acid residues, including Ser 196, Ser 626,
Thre66 and Ser568, determines the cellular localization
and DNA binding ability of ChREBP (Kawaguchi et al.,
2001, 2002). On the contrary, high glucose levels in liver
prompt the activation of protein phosphatase 2A (PP2A)
through formation of the intermediate of the pentose
phosphate shunt, xylulose-5-phosphate (X5P), which
dephosphorylates ChREBP, rendering it active (Dentin
et al,, 2004). In addition to this “classical” model of
ChREBP regulation, a new isoform of ChREBP, named
ChREBP-B, plays an important role in the regulation
of fatty acid synthesis in adipose tissues and of insulin
sensitivity (Herman et al.,, 2012). Recent studies have
shown that ChREBP activity can also be regulated
by other post-translational modifications, including
acetylation and O-linked GIcNAcylation (Sakiyama et
al., 2010; Guinez et al., 2011). In summary, the tissue
distribution, regulation, and DNA-binding properties
of ChREBP/MIx suggest that the functions of ChREBP
are more complicated than expected.

However, to our knowledge, almost all of the
studies on ChREBP have focused on its functions on
the lipogenesis of humans, mice, and pigs. By contrast,
there are no studies on the role of ChREBP in hepatic
steatosis of geese. Therefore, in current study, the full-
length cDNA of Sichuan White goose (Anser cygnoides)
ChREBP was obtained by rapid amplification of cDNA
ends (RACE), and its expression profile in different
tissues was determined using real-time PCR. This
fundamental work may provide insight into the role of
ChREBP in hepatic steatosis, and its theoretical basis
could be applied in future research studies.

MATERIALS AND METHODS

Experimental animals and tissue collection

The Sichuan White goose (Anser cygnoides) is
a native breed of the Sichuan Province, China. The
birds were obtained from the Experimental Farm for
Waterfowl! Breeding of Sichuan Agricultural University.
Five male Sichuan White geese (Anser cygnoides),
with 30+3 days of age and of 400+50 g body weight,
were randomly selected and sacrificed. For cloning and
expression analysis, various tissue samples, including
breast muscle, thigh muscle, brain, testis, heart, small
intestine, liver, kidney, abdominal fat and sebum
cutaneum were collected immediately after sacrifice,
and stored in liquid nitrogen at -80°C for later analyses.

All experimental procedures followed the policies
and guidelines of the Sichuan Agricultural University
Animal Care and Use Committee (Permit No: 2014-
18).
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Total RNA
transcription

extraction and reverse

Total RNA was isolated from the collected tissues
using Trizol Reagent (Invitrogen, USA), according to
the manufacture’s protocol. The extracted RNA was
dissolved in 20-30uL of RNA-free water, and stored
at -80°C until thawed for reverse transcription. The
integrity of the RNA was evaluated by electrophoresis
on 1.0% agarose gel, and RNA concentration and
purity were detected using a spectrophotometer at
a 260/280 nm absorbance ratio (NanoVue Plus™,
Thermo Scientific, USA). Reverse transcription of
total RNA was carried out using the PrimeScript
TMRT reagent kit (TaKaRa, Dalian, China), according
to the manufacturer’s instructions. The reaction was
performed in a total volume 10 pL containing 2 pL
of 5xPrimeScript™ buffer, 0.5 pL of PrimeScript™ RT
Enzyme Mix I, 0.5 pL of Oligo dT Primer, 0.5 pL of
random hexamers, 5.5 pL of RNase-free water, and
1 pg of total RNA. The reaction conditions for cDNA
synthesis were 37°C for 15 min, followed by 85°C for
5s, and storage at 4°C. The ¢cDNA was directly used in
guantitative real-time PCR.

Cloning and sequencing of the full-
length ¢cDNA of Sichuan White goose (Anser
cygnoides) ChREBP gene

According to the suppression subtractive
hybridization (SSH) results described in our previous
report (Pan et al., 2011), we found that an EST of
481 bp (GW342987), which was homologous to the
ChREBP of other species, according to BLAST analysis
(http://www.ncbi.nlm.nih.gov/BLAST/). Therefore, this
EST sequence was selected for further cloning of the
full-length cDNA of Sichuan White goose chREBP
gene. According to the EST sequence of ChREBP, two
specific primers (ChREBPGSP1 and ChREBPGSP2) were
designed to carry out 5" and 3'-RACE. ChREBPGSP1
was used to amplify the 5’ end, and chREBPGSP2 was
used to amplify the 3" end. The univeral primer (UPM)
used for 5" and 3'-RACE was the mixture of the Long
primer with the Short Primer (from SMART™ RACE
cDNA amplification kit, Clontech, USA). The above
primers are listed in Table 1. The amplification of the 5’
and 3’ termini of the ChREBP from Sichuan White goose
liver by 5-RACE and 3'-RACE was performed using
the SMART ™ RACE cDNA amplification kit (Clontech,
USA), according to the manufacturer’s instructions.
Touchdown PCR was used for RACE amplification as
follows: 4 min at 94°C; five cycles of 35 s at 94°C,
3 min at 72°C; five cycles of 35 s at 94°C, 3 min at
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72°C; 25 cycles of 35 s at 94°C, 30 s at 68°C, and 3
min at 72°C, followed by an elongation step of 10 min
at 72°C. The PCR products of 5" and 3" RACE were
separated by electrophoresis on 3% agarose gel and
purified using the E.Z.N.A.® Gel Extraction Kit (Omega
Bio-Tek, Noraville, GA, USA). The purified fragments
were cloned into the pMD-18T vector (Takara, Dalian,
Liaoning, China), and five to ten clones were selected
for sequencing.

Table 1 - Gene-specific primers used for RACE and RT-PCR
analyses in this study

Primer ID Sequences
Long primer 5’—CTAATACGACTCACTATAGGQCAAG—
CAGTGGTATCAACGCAGAGT-3
RACE  Short primer 5'-CTAATACGACTCACTATAGGGC-3'
ChREBP5'RACEGSPT 5-CTGGACTTTCGGAGCCGCTTCTT-3'
ChREBP3'RACEGSP2 5'-ACTACAAGAAGCGGCTCCGAAAG-3'
B-actin(F) 5'-CAACGAGCGGTTCAGGTGT-3'
B-actin(R) 5'-TGGAGTTGAAGGTGGTCTCG-3’
REPCR ChREBP (F) 5'-AAGAAGCGGCTCCGAAAG-3’
ChREBP(R) 5-TGGTGGGTGCTGGGTGT-3
18S (F) 5'-TTGGTGGAGCGATTTGTC-3’
18S (R) 5-ATCTCGGGTGGCTGAACG-3’

Bioinformatic analysis of ChREBP

The obtained nucleotide sequences were analyzed
at NCBI (http:/blast.ncbi.nlm.nih.gov/) and were
compared against the sequence database using the
BLAST server (http://www.ncbi.nlm.nih.gov/blast).
The Prot Param tool (http://www.expasy.org/tools/
protparam.html) was used to analyze the fundamental
characteristics of the predicted proteins, including
isoelectric point (pl) and molecular weight (Mw). The
conserved domain of the protein was analyzed using
the CD-search tool on NCBI (http://www.ncbi.nlm.nih.
gov/Structure/cdd/cdd.shtml). The secondary structure
was predicted by the NPS@ service (http:/npsa-pbil.
ibcp.fr/). The amino acid sequence was analyzed
for transmembrane structure via TMHMM server
(http://www.cbs.dtu.dk/servicessTMHMM) and signal
protein prediction via SignalP 4.1 server (http://www.
cbs.dtu.dk/services/SignalP/). NetOGlyc 3.1 (http:/
www.cbs.dtu.dk/services/NetOGlyc/) and NetNGlyc
1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/) were
used to predict potential O- and N-glycosylation
sites, respectively. Protein phosphorylation sites
were predicted using NetPhos 2.0 (http://www.cbs.
dtu.dk/services/NetPhos/). Multiple alignments of
ChREBP amino acid sequences of the Sichuan white
goose with other species were performed using
the DNAMAN 6.0, and the phylogenetic tree was
constructed using Molecular Evolutionary Genetic
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Analysis (MEGA) software version 5.2 (http://www.
megasoftware.net/).

Analysis of the expression of the ChREBP
gene

For the gene expression analysis of ChREBP in
different tissues, we performed quantitative real-time
PCR for ChREBP by using the iCycler 1Q5 Multicolor
Real-time PCR detection system (Bio-Rad, USA) with
the SYBR PrimerScrip RT-PCR kit (Takara, Dalian,
China). The primers of ChREBP and two housekeeping
internal control genes (18s and B-actin) were shown
in Table 1. Real-time PCR reactions were carried out in
a volume of 25 pL, which contained 2.0 pL of cDNA,
0.5 pL of each primers, 12.5 pL of SYBR Premix EX
Tag™ and 9.5 pL of water. The procedure included one
cycle of 95°C for 10 s, followed by 40 cycles of 95°C
for 10 s and 60°C for 20 s. A 45-cycle melting curve
was performed, starting at a temperature of 55°C and
increasing by 0.5°C every 10s to determine primer
specificity. Each sample was repeated in triplicate. The
relative gene expression levels were normalized to 18s,
B-actin and further expressed as fold change relative to
the expression level in control using 224" method in
the gene expression assay.

Statistical analysis

Variations were analyzed via one-way analysis of
variance using SAS 6.12 software, amultiple comparison
test was performed using Duncan’s method, and
p<0.05 was considered statistically significant. The
means + SEM results were plotted to the figures using
GraphPad Prism 5 software (GraphPad Software, La
Jolla, CA, USA).

RESULTS

Cloning and analysis of full-length ChREBP
from Sichuan White goose (Anser cygnoides)

Using degenerate primers and RACE strategy, we
cloned ChREBP from the liver tissue of the Sichuan
White goose. All obtained fragments were assembled
using the BioEdit software to yield a full-length goose
ChREBP cDNA with 1262 bp. Sequence analysis using
the ExPASy translate toll showed that the sequence
contained a 125-bp 5’ untranslated region (5" UTR),
a 192-bp 3’ untranslated region (3'UTR) with a 22
bp poly (A) tail, and an open reading frame (ORF) of
945-bp encoding 314 amino acids with a predicted
molecular weight (Mw) of 35.64 kDa, and a isoelectric
point (Ip) of 5.36 (Fig.1).
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313 P F =

1121 TCATCCCOCACAC TCCCAT CCAT CCT CCTC TTIC TECACOCCACTCOCCCACADOC TCATCA.
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1241 AAAAAAAAAAAAAAAAAAAAAA

Figure 1 — Full-length of Sichuan White goose (Anser cygnoides) ChREBP cDNA

sequence and the deduced amino acid sequence. The stop codon is shown as “*".
Numbers on the left refer to the nucleotide position.

Characterization of Sichuan White goose
(Anser cygnoides) ChREBP

The analysis using NetPhos 2.0 predicted a total
of 17 phosphorylation sites, which consisted of 14
Ser phosphorylation sites (Ser23, 27, 29, 52, 62, 64,
82, 104, 153, 196, 197, 203, 204 and 292), 2 Thr
phosphorylation sites (Thr148 and 215), and 1 Tyr
phosphorylation site (Tyr275) of goose
ChREBP. On the other hand, the Sichuan
White goose ChREBP was predicted to
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Table 2 - Prediction of protein secondary structure of
Sichuan White goose (Anser cygnoides) ChREBP

o -Helix Extended strand Random coil
HNNC 28.03% 9.24% 62.74%
MLRC 22.93% 19.75% 57.32%
PHD 20.70% 17.20% 62.10%

the DNAMAN listed in Table 3. The amino acid
alignment of these species shown that there are high
similarities in ChREBP gene between goose and other
birds, therefore, ChREBP may be conserved protein in
birds (Figure 2).

In order to evaluate the molecular evolutionary
relationship of ChREBP in birds and mammals, a
phylogenetic tree was constructed using 17 ChREBP
protein sequences from various animals by the
neighbor-joining method. As shown in Fig. 3, the
ChREBP genes of these species were divided into two
groups representing mammals and birds, with Sichuan
White goose ChREBP belonging to the bird cluster,
thus closely related to Anser cygnoides domesticus,
Anas platyrhynchos and Gallus gallus.

Expression pattern of ChREBP

For the purpose of clarifying the expression of
the ChREBP gene in each tissue, we used 18s and

Table 3 - Homology of Sichuan White goose (Anser cygnoides) ChREBP
with several other species

have 1 O-glycosylation site (Thr33), but N0 species ~ ChREBP

. . Nucleotide (%) Amino acid (%)
N—glycosylatlon sites. The NCBI conserved Anser cygnoides domesticus (swan goose)' 97.3 95.9
domam tool shows that the SlCh.uan Anas platyrhynchos (mallard)? 94.8 94.9
White gopse .ChREBP does not contain a Charadrius vociferus (killdeer)? 88.2 88.9
conservative field. The secondary structure  calidris pugnax (ruffy* 87.8 87.5
prediction of Sichuan White goose ChREBP  Gallus gallus (domestic chicken)® 87.8 88.7
protein was deduced by NPS@ service based Haliaeetus leucocephalus (bald eagle)® 87.6 88.7
on the HNNC, MLRC and PHD methods. Egretta garzetta (little egret)’ 87.3 87.2

. . Y/ i 8

The 2D structure of Sichuan White goose  Columba fivia (rock pigeon) A 87.0 87.8
. Manacus vitellinu (golden-collared manakin)® 86.6 86.9
ChREBP protein presented average alpha Parus major (great it 831 833
helices and abundant random coil, and less 100 mydas (green sea turtle)"” 80.0 29.1
extended strands. Beta turn and other rare  gquus przewalskii (horse) 2 72.8 726
secondary structures were absent (Table  mus musculus (house mouse)' 72.8 72.2
2). No signal peptide and transmembrane Rattus norvegicus (Norway rat)'* 72.5 72.4
domain were identified. Homo sapiens (human)'® 71.9 71.9
Monodelphis domestica (gray short-tailed opossum)'® 61.2 63.0

MUItlple Se(_‘ue“ce_ allg_nment Note: Information of ChREBP genes and proteins was downloaded from Genbank. Nucleotide acces-

and phylogenetic relationship sion number: 'XM_013189252.1, 2XM_013096098.1, XM_009888893.1, *XM_014959722.1,

SNM_001110841.1, XM_010585973.1, ’XM_009644950.1, .XM_013368746.1, °XM_018076510.1,

The nucleotide sequence and the
deduced amino acid sequences of the
Sichuan White goose ChREBP gene were
aligned with those of other species using

1’XM_015646875.1, ""XM_007069031.1, '>XM_008538304.1, "*NM_021455.4, '“NM_133552.1,
*NM_032954.2
2XP_012951552.1, *XP_009887195.1, “XP_014815208.1, *NP_001104311.1, 6XP_010584275.1,
’XP_009643245.1, 8XP_013224200.1, °XP_017931999.1, '°XP_015502361.1, ""XP_007069093.1,
12XP_008536526.1, NP_067430.2, " NP_598236.1, * NP_116572.1, "®XP_016285149.1.

. '°XM_016429663.1. Amino acid accession number: ' XP_013044706.1,
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Figure 2 — DNAMAN program aligment of the deduced amino acid sequences of the
Sichuan White goose (Anser cygnoides) with that of other animal species.

The sequences compared are from Anser cygnoides domesticus (XP_013044706.1),
Anas platyrhynchos (XP_012951552.1), Gallus gallus (NP_001104311.1), Chara-
drius vociferus (XP_009887195.1), Manacus vitellinus (XP_017931999.1), Halia-
eetus leucocephalus (XP_010584275.1), Calidris pugnax (XP_014815208.1),
Columba livia (XP_013224200.1), Egretta garzetta (XP_009643245.1), Parus
major (XP_015502361.1), Equus przewalskii (XP_008536526.1), Monodel-
phis domestica (XP_016285149.1), Chelonia mydas (XP_007069093.1), Rattus
norvegicus (NP_598236.1), Mus musculus (NP_067430.2), and Homo sapiens
(NP_116572.1).

The conserved domains are shown in dark blue.

B-actin as the internal reference and brain as the
control. The ChREBP gene was found to be expressed
in all tissues, as shown in Figure 4. However, its
expression level varied significantly. Based on the
fold changes relative to the brain, the Sichuan
White goose ChREBP mRNA was over 15-fold more
abundant in the liver, whereas its expression was
low in the abdominal fat, sebum cutaneum, and
small intestine, and almost undetectable in the
brain, testis, kidney, heart, and thigh and breast
muscle tissues. Therefore, the influence of ChREBP
probably depends on the function of the different
tissues.
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Figure 3 — Phylogenetic tree illustrating the genetic relationships of the ChREBP of
Sichuan White goose (Anser cygnoides) with those of other animals. Numbers on
each branch indicate the percentage of times a node was supported in 1000 bootstrap
pseudo replications by neighbor joining. Sequence name and accession number in the
figure are shown as followed: Anser cygnoides domesticus (XP_013044706.1),
Anas platyrhynchos (XP_012951552.1), Gallus gallus (NP_001104311.1), Chara-
drius vociferus (XP_009887195.1), Manacus vitellinus (XP_017931999.1), Halia-
eetus leucocephalus (XP_010584275.1), Calidris pugnax (XP_014815208.1),
Columba livia (XP_013224200.1), Egretta garzetta (XP_009643245.1), Parus
major (XP_015502361.1), Equus przewalskii (XP_008536526.1), Monodel-
phis domestica (XP_016285149.1), Chelonia mydas (XP_007069093.1), Rattus
norvegicus (NP_598236.1), Mus musculus (NP_067430.2), and Homo sapiens
(NP_116572.1). The scale bar indicates the branch length.
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Figure 4 — Relative mRNA expression of the ChREBP gene in different tissues, inclu-
ding liver, small intestine, abdominal fat, sebum cutaneum, breast muscle, thigh muscle,
heart, kidney, brain and testis. Data are presented as mean + SEM (n=3). Error bars show
the SEM of triplicate. “*" indicates significant difference (p<0.05).

DISCUSSION

ChREBP is an important glucose-responsive
transcription factor, and affects various biological
processes, such as glucolipotoxicity to apoptosis (Reich
et al., 2012; Filhoulaud et al., 2013), and proliferation
of specific cell types (Metukuri et al., 2012; Soggia et
al., 2012). To date, ChREBP has been identified and
characterized in humans (Hurtado del Pozo et al,
2011; Stamatikos et al, 2015) and mice (Dentin et
al., 2006). However, no previous studies have been
reported describing the structure of ChREBP gene in
non-mammalian vertebrates, including birds.

In this study, we cloned ChREBP cDNA from the liver
tissue of Sichuan White geese. The total Sichuan White
goose ChREBP CDS consists of 945 nucleotides that
encode 314 amino acids. These results are different
from those of a previous study showing that ChREBP
is a large protein containing 864 amino acids in
humans (Filhoulaud et al.,, 2013). The deduced amino
acid sequence of Sichuan White goose ChREBP was
highly similar to those of other species, particularly of
swan geese and ducks (more than 94%). The results
of ChREBP phylogenetic relationship also identified
the Sichuan White goose ChREBP in nearly all bird
species examined, especially in domestic geese (Anser
cygnoidest domesticus), mallards (Anas platyrhynchos)
and domestic chickens (Gallus gallus). This result was
consistent with their zoological classification and
indicated that this protein was highly evolutionarily
conserved. As in mammalian vertebrates, the ChREBP
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protein identified contains several key domains,
including a nuclear localization signal (NLS), polyproline
domains, a bHLH/LZ domain, and a leucine zipper-like
(Zip-like) domain (Filhoulaud et al, 2013; Schmidt,
et al, 2016); however, no conservative domain was
detected in the Sichuan White goose. The different
results might be due to differences among species.
Moreover, other structural features, such as Ser 196
at one of the phosphorylation sites of goose ChREBP
is consistent with the ChREBP gene in other species,
which regulates nuclear localization (Tsatsos et al.,
2008; Krivoruchko et al., 2014).

In mammals, ChREBP are expressed in all types of
tissues, with high expression level in the liver, kidney,
and adipose tissue (Towle, 2005). In mice, the ChREBP
mRNA is first detected in the liver at embryonic stage
E12.5 (Cairo et al., 2001), and in adulta, ChREBP is
primarily expressed in the liver and the adipose tissue,
with low expression levels in the intestine, kidney, and
muscle (lizuka et al.,, 2004; Yamashita et al.,, 2001). In
the current study, to better understand the expression
pattern of the Sichuan White goose ChREBP gene,
the its mRNA level was analyzed in nine different
tissues. The results showed that the ChREBP gene
was mainly expressed in the liver and the abdominal
fat, which is consistent with previously reported data
for the differential tissue expression of ChREBP in
mammals (Towle, 2005), suggesting that ChREBP has
a important role in the regulation of glycolytic reaction
and lipogenesis. However, the detailed mechanisms by
which ChREBP function in these specific tissues remain
to be elucidated.

In summary, a cDNA clone of ChREBP was the first
to be cloned and characterized in the Sichuan White
goose. Sequence analysis showed that Sichuan White
goose (Anser cygnoides) ChREBP has high similarities
with those of the swan goose (Anser cygnoides
domesticus) and the mallard (Anas platyrhynchos)
sequences at both the nucleotide and amino acid
levels. Real-time PCR assay revealed that, although
ChREBP is widely expressed in nearly all Sichuan White
goose tissues examined, its highest expression level was
detected in the liver. Taken together, our data suggests
that ChREBP may play vital role in hepatic steatosis;
however, a larger scale association study involving the
molecular mechanism of ChREBP in the regulation
of fatty liver development is required to support and
substantiate this study.
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