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ABSTRACT Studies in mammals have shown that adiponectin is secreted mainly by
adipocytes, and it plays a crucial role in glucose and lipid metabolism in muscles. Clarifying
the crosstalk role of adiponectin between adipose tissue and skeletal muscle tissue is very
important for internal homeostasis. The glucose and lipid metabolism of chicken is different
from that of mammals, and the role of adiponectin in chickens is unclear. Therefore, it is of
great significance to study the effect and mechanism of adiponectin on lipid metabolism in
chickens. In this study, the regulating effect of adiponectin on lipid metabolism in chicken
myoblasts was explored by adding a certain concentration of exogenous recombinant
adiponectin. Results showed that adiponectin reduced intracellular lipid content, increasing
the mRNA expression of adiponectin receptor and cellular uptake of glucose and fatty acids.
In addition, adiponectin activated the 5’ adenosine monophosphate activated protein kinase
(AMPK) signaling pathway. The above results suggested that adiponectin reduced
intracellular lipid content, mainly by binding to adiponectin receptor, activating AMPK

pathway, increasing cellular uptake of glucose and fatty acids, and promoting lipid oxidation.
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1. Introduction

Adipocytes secrete abundant adipocytokines, one of which is adiponectin. Adiponectin has
been shown to be widely expressed in bone marrow, osteoblasts, cardiomyocytes and salivary
epithelial cells of mammals, as well as in liver, skeletal muscle, pituitary, hypothalamus and
kidney tissues of poultry such as chickens and geese [1,2,3]. Adiponectin is a monomer
glycoprotein with a molecular weight of about 30 ku and contains 22 (Gly-X-Pro and
GLy-X-Y) repeats [4,5]. Adiponectin of human, mouse and poultry consists of 244, 247 and
245 amino acids respectively [2,3]. The homology of adiponectin gene in human and mouse is
higher than 80%, while the homology of adiponectin gene in poultry is only about 66% due to
the great difference of adiponectin gene structure between birds and mammals [6,7,8,9].
Many studies in mammals and humans have demonstrated that adiponectin is involved in
regulation of lipid and glucose metabolism [10]. In recent years, it has been reported that
adiponectin in chicken is negatively correlated with abdominal fat deposition [11], and can
inhibit fat deposition and promote mitochondrial biogenesis in adipocytes [12,13], thus
further confirming its role in regulating lipid and glucose metabolism. Skeletal muscles use
fatty acids and glucose as primary fuels. Compared with mammals, birds have higher levels of
glucose and lower concentrations of insulin [14,15]. Broiler chicken of modern strain is
characterized by a fast muscle growth rate, heavy body weight and high fat deposition [16].
These characteristics suggest that chickens have a more intractable insulin cascade and lipid
metabolism in skeletal muscle tissues, and the study of the chicken model would be beneficial

to our understanding of adiponectin.

Adiponectin receptor 1 (ADPNR1) and adiponectin receptor 2 (ADPNR2) are two distinct
3
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isoforms of adiponectin receptors bound by secretory adiponectin. These two isoforms can be
expressed in different cell types, such as 3T3-L1 adipocytes, skeletal muscle and monocytic
cells [17,18,19]. The expression of ADPNR1 was highest in skeletal muscle of human, mouse,
pig and chicken, while the expression of ADPNR2 was highest in liver [20,21,22]. Studies
have shown that ADPNR2 can regulate lipid and glucose metabolism, oxidative stress and

inflammation [12,23,24].

Adiponectin is widely believed to be a key regulator of energy homeostasis through
activation of peroxisome proliferator activated receptor (PPAR) and 5’ adenosine
monophosphate activated protein kinase (AMPK) in skeletal muscle and liver of mammals
[25]. AMPK is considered as a potential target of metabolic disorders because it is an
important metabolic sensor that regulates cellular energy homeostasis [26]. It has been shown
that activation of AMPK can decrease triglyceride and cholesterol synthesis and increase fatty
acid oxidation in humans and animals [27,28]. Similarly, related functions have been reported
in poultry fat cells [13]. Adenovirus-mediated adiponectin delivery has been reported to
enhance AMPK activation in skeletal muscle [29,30]. It has also been reported that
adiponectin regulates peroxisome proliferator-activated receptor coactivator-1 o and
mitochondria biogenesis by regulating calcium signaling and the ADPNR1-AMPK-silent
mating type information regulation 2 homolog (SirT1) dependent pathway[31,32]. The
functions of the AMPK pathway in chickens and mammals are similar [33]. We thus
hypothesis that adiponectin is involved in the lipid metabolism in chicken muscles, through

regulating AMPK pathways.

The purpose of the present study was to investigate the effect and mechanism of
4
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adiponectin on lipid metabolism of chicken muscles. The recombinant adiponectin protein
was employed to chicken primary myoblasts to induce the adiponectin treatment. The lipid
uptake, lipid accumulation, expressions of genes in lipid metabolism, AMPK signaling
pathways were detected, and the involvement of AMPK was further determined using an

inhibitor specific for AMPK.

2. Materials and methods

2.1 Preparation and I dentification of Recombinant Adiponectin Protein

Recombinant adiponectin protein was prepared and identified by Jinan Boshang
Biotechnology Co., Ltd., using an E. coli expression system, according to the chicken

adiponectin gene sequence (NM_206991).

2.2 Animals

The fertile eggs were provided by a commercial source (Jinan SAIS Poultry Co., LTD.,
China) and incubated at 37°C under a relative humidity of 60 to 70%. The experimental
treatment of chicken embryos was carried out in Shandong Agricultural University. All live
embryos were euthanized by diethyl ether inhalation. All study procedures were approved by
the Shandong Agriculture University Animal Care and Use Committee (SDAUA-2013-019)
and were conducted in accordance with the Guidelines for Experimental Animals established

by the Ministry of Science and Technology (Beijing, China).

2.3 Cdll Culture and Treatments

Cell culture: Primary cultures of chicken embryo myoblasts were prepared using a modified
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method described previously by Yablonka-Reuveni and Nameroff [34] and Wang [35]. In
brief, myoblast cells were derived from the breast muscle tissues of 15-day-old embryos. The
isolated myoblasts were cultured in Dulbecco’s modified Eagle’s medium (DMEM; HyClone,
Thermo Fisher, Shanghai, China) supplemented with 16% foetal bovine serum and 1%
penicillin/streptomycin (Solarbio, Beijing, China) in a humidified 5% CO, atmosphere at

37°C until the cells reached approximately 95% confluence.

Palmitic acid preparation: Palmitic acid was dissolved in 50% ethanol and 10 mol/L NaOH
heated to 60°C to obtain a clear solution, which was then immediately mixed with fatty

acid-free BSA.

Trial 1: Adiponectin treatment. Under 300 uM palmitic acid in serum-free medium for 12
hours (PA) or no PA pretreatment, myoblasts were exposure to 5 pg/mL recombinant
adiponectin for 12 hours (ADPN) or no ADPN (Control). The cells were then rinsed with

D-Hanks’ solution, collected and subjected to the further analysis.

Trial 2: Adiponectin and AMPK inhibitor treatment. All myoblasts were incubated for 12
hours of 300 uM palmitic acid in serum-free medium (PA) prior to the treatment. Under 15
uM Compound C for 1 hour (CC) or no CC pretreatment, myoblasts were exposure to 5
pg/mL recombinant adiponectin for 12 hours (ADPN) or no ADPN (Control). The cells were

then rinsed with D-Hanks’ solution, collected and subjected to the further analysis.

2.4 Céll Viability Assay (CCK-8)

The CCK-8 assay was performed to investigate the viability of myoblasts cultured in

96-well plates. Briefly, 100 uL. of CCK-8 solution at a 1:10 dilution was added to each well of

6
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the plate, and the plate was incubated at 37°C for 2.5 hours. Absorbance was measured at 450
nm with a microplate reader (EIx808, Bio-Tek, Winooski, VT). The mean optical density (OD)

of six wells for each indicated group was used to calculate the cell viability percentage.

2.5 Oil Red O Staining

According to the method of Lillie and Fullmer [36], the Oil Red O staining method was
appropriately modified as described by Zhang et al. [37] and Zhao et al. [38]. Cells were
washed twice with 1 XPBS and subsequently fixed with 4% formaldehyde for 30 min.
Following fixation, the cells were washed twice with 1 XPBS and subsequently stained with
0.6% Oil Red O solution for 30 min. Haematoxylin staining was performed to visualize the
cell nuclei. After washing, the cultures were photographed with an inverted microscope

(Olympus, Japan).

2.6 Detection of | ntracellular Content

Triglyceride (TG) and total cholesterol (TCH) in chicken myoblasts were detected using

commercial diagnostic kits (Nanjing Jiancheng Bioengineering Institute, China).

2.7 Real time PCR Analysis

Total RNA extraction and qRT-PCR were performed as described previously [39,40,41,42].
The total RNA of myoblasts was extracted by TransZol Up (TransGen Biotech, China), the
quantity of the RNA was measured by spectrophotometry (Eppendorf, Germany), and the
quality of the RNA was verified by calculating the ratio between the absorbance values at 260
and 280 nm (A260/280 = 1.8-2.1) as well as by electrophoresis. Next, reverse transcription

was performed using total RNA (1 pg) for first-strand cDNA synthesis with the Transcriptor
7
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First Strand cDNA Synthesis Kit (Roche, Germany). The cDNA was amplified in a 20 uL
PCR reaction system containing 0.2 pmol/L of each specific primer (Sangon, China) and the
SYBR Green master mix (Roche, Germany) according to the manufacturer’s instructions.
Real-time PCR was performed at the ABI QuantStudio 5 PCR machine (Applied Biosystems;
Thermo, United States). Each cycle consisted of a 5 s denaturation step at 95°C, followed by a
34 s annealing and extension steps at 60°C. The primers sequences are shown in Table 1. The
PCR products were verified by electrophoresis and DNA sequencing. Standard curves were
generated using cDNA collected from the samples under assay, and the PCR data were
analysed using the 27" method [43,44,45]. The mRNA levels of the target genes were
normalized to those of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and pS-actin
(ACT) [41,44,46,47]. All of the samples were run in duplicate, and the primers were designed

to span an intron to avoid genomic DNA contamination.
2.8 Glucose and Fatty Acid Uptake

Glucose uptake was measured by the uptake of fluorescently labeled deoxyglucose
(2-NBDG  (2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl) amino]-2-deoxy-D-glucose)) using
Glucose Uptake Assay Kit (600470, Cayman Chemical Company, United States), according
to the manufacturer’s instructions. After the experimental treatment, all culture medium was
removed from each well and replaced with culture medium in the absence (negative control)
or presence of 2-NBDG (final concentration of 200 pg/mL) and incubated at 37°C with 5%

CO, for 40 min before flow cytometry analysis.

Fatty acid uptake was assessed by the uptake of fluorescently labeled fatty acids using the
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QBT Fatty Acid Uptake Assay Kit (R8132, Molecular Devices, United States) , according to
the manufacturer’s instructions. After the experimental treatment, all culture medium was
removed from each well and replaced with culture medium in the absence (negative control)
or presence of fluorescent fatty acids (final concentration of 300 pg/mL) and incubated at

37°C with 5% CO; for 10 min before flow cytometry analysis.

The uptake reaction was stopped by removing the incubation medium and washing the cells
twice with pre-cold 1 X PBS. Cells were collected by centrifugation at 3000 rpm for 5 min and
subsequently resuspended in 400 pL pre-cold 1xPBS and maintained at 4°C for later flow
cytometry analysis performed within 30 min. For each measurement, data from 10000 single
cell events was collected using a BD LSRFortessa flow cytometer (BD Biosciences, San Jose,
CA, United States), and each flow cytometric measurement was digitized and quantified as

fluorescence intensity following corrected by its negative control.

2.9 Western Blot

Cells were homogenized in lysis buffer (Beyotime, Jiangsu, China) and centrifuged at
12000g for 10 min at 4°C. The supernatant was collected, and proteins were quantified using
a BCA protein assay kit (Beyotime, Jiangsu, China) according to the manufacturer’s protocol.
Eighteen-microgram aliquots of protein were electrophoresed on a 7.5% SDS polyacrylamide
gel, and separated proteins were transferred to a polyvinylidene fluoride membrane in western
transfer buffer. The membrane was blocked prior to incubation with the following primary
antibodies which were purchased from CST (Boston, MA, United States) with a dilution of
1:1000: anti-phospho-AMPKa (Thr 172) (Rabbit, #2531), anti-AMPKa (Rabbit, #2532),
anti-phospho-acetyl CoA carboxylase (ACC) (Ser79) (Rabbit, #3661), anti-ACC (Rabbit,

#3662), and anti-carnitine palmitoyl transferase 1 (CPT1) (Rabbit, #12252). Protein detection
9
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was performed using horseradish peroxidase-linked anti-rabbit secondary antibodies (A0208,
1:1000, Beyotime, Shanghai, China) with enhanced chemiluminescence plus western blot
detection reagents. These antibodies have previously been validated for use with chicken
samples [18,37]. The films were scanned, and the intensities of specific bands were quantified
using BioSpectrum 810 with VisionWorks LS 7.1 software (UVP LLC) [42,45]. Bands were
normalized to B-actin (Beyotime, Shanghai, China) levels in the same sample. Protein

molecular weight markers were used to verify the detected proteins.

2.10 CPT1 Activity

The enzyme activity of CPT1 was detected using ELISA kit (Shanghai Enzyme-linked

Biotechnology Co. LTD, China).

2.11 Statistical Analysis

Data are presented as mean + SEM. Statistical analysis of the data was performed by
one-way ANOVA and SAS statistical software (SAS version 8e, SAS Institute, United States).
P<0.05 were considered statistically significant and were considered to be approaching

significance at P<0.10.

3. Results

3.1 Effects of Adiponectin on the Intracellular Lipid Content

We first tested the effects of ADPN and PA on myoblasts viability, before investigating
their effects on lipid metabolism in chicken myoblasts. We found that ADPN and PA did not
significantly affect the viability of chicken myoblasts (P>0.05, Figure 1A). Next, we

measured triglycerides and total cholesterol in myoblasts. It was found that ADPN

10
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significantly reduced the intracellular TCH content with and without PA pretreatment (Figure

1B, P<0.05). This result was further confirmed by the Oil Red O staining (Figure 1C).
3.2 Effects of Adiponectin on the Uptake of Glucose and Fatty Acids by Chicken Myoblasts

Flow cytometry detection showed that ADPN treatment significantly (P<0.01) increased
uptake of glucose and fatty acids by myoblasts, with and without PA pretreatment (Figure 2

A-C).

3.3 Effects of Adiponectin on the Genes Expressions related Lipid Metabolism in Chicken
Myoblasts

As shown in Figure 3A and B, the mRNA expression of ADPN was significantly (P<0.001)
upregulated by the addition of recombinant adiponectin, but it was not changed when
myoblasts were pretreated with PA. However, the mRNA expressions of 4ADPNRI and
ADPNR?2 were significantly (P<0.05) increased by either the addition of recombinant
adiponectin alone or under palmitic acid pretreatment. Besides, we found that ADPN
treatment significantly (P<0.05) upregulated expressions of genes related fatty acids uptake
(FATPI), genes related fat synthesis (FAS and ACC), genes related lipolysis and oxidation
(PPARo and ATGL). The genes mentioned above were also significantly (P<0.01) upregulated
by ADPN under PA pretreatment, except for PPARa and FATPI1. PPARy was significantly

(P<0.01) downregulated by APDN without PA pretreatment.

3.4 Involvement of the AMPK Signaling Pathway in the Effects of Adiponectin

AMPK activation via increased Thr'”* phosphorylation leads to inactivation of acetyl-CoA
carboxylase (ACC1/ACC2) and the resulting fall in malonyl-CoA relieves inhibition of CPT1,

which increased import and B-oxidation of free fatty acids into mitochondria [48]. Therefore,
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we measured protein expression of AMPK, ACC and CPT1 in myoblasts, to investigate the
effects of ADPN on the fatty acids B-oxidation and the involvement of AMPK pathway. It was
found that, when myoblasts were pretreated with PA, the AMPK phosphorylation was
significantly (P<0.01) activated by ADPN. However, ACC phosphorylation, CPT1 protein

and activity were not significantly (P>0.05) changed by ADPN (Figure 4A-D).

AMPK inhibitor, Compound C, was used to further verify the involvement of AMPK
pathway in the ADPN effects. As Figure SA shown, Compound C significantly inhibited the
protein expression of AMPK (P<0.001). Adiponectin under PA pretreatment significantly
activated the phosphorylation of AMPK, and the effect was impaired in the presence of
Compound C (P<0.05). Adiponectin didn’t affect ACC phosphorylation (P>0.05) but
increased the protein level of total ACC (P<0.01) which was alleviated in the presence of
Compound C (P<0.05). The results showed that the addition of adiponectin under PA
pretreatment significantly reduced TG (P<0.001) content and tended to reduce TCH (P<0.1)
content. However, when AMPK was inhibited, the effects of ADPN on lipid content were
reversed (Figure 5B and C). This result was further confirmed by the Oil Red O staining

(Figure 5D).

4. Discussion

4.1 Adiponectin Reduced Intracellular Lipid Content without Affecting Chicken Myoblasts

Viability

There was a negative correlation between serum adiponectin levels and liver lipid content

in Japanese patients with type 2 diabetes [49]. And research shows that adiponectin stimulates

12
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mitochondrial biogenesis and reduces lipid content in human and animal adipocytes [50]. In
the present study, we found that recombinant adiponectin and palmitic acid treatment did not
significantly affect the cell viability. In line with the previous study in human and mammals,
our present study in cultured chicken myoblasts showed that the addition of 5 pg/mL ADPN
reduced fat content in both basal and PA conditions, which is manifested as the reduction of
TG and TCH content, as well as the decrease of lipid droplets. These results indicated that

adiponectin at a certain concentration plays a lipid-lowering role in chickens.

4.2 Both ADPNR1 and ADPNR2 are Required for Adiponectin Function in Chicken

Myoblasts

Secreted adiponectin binds to two distinct isoforms of receptors such as ADPNR1 and
ADPNR2 [19]. Yamauchi et al. [19] confirmed that the binding of adiponectin to cell
membrane is dependent on ADPNR1 and ADPNR2 in cultured cells, and the adiponectin
binding and function is disrupted in ADPNRI/ADPNR2-double-knockout mice,
demonstrating that adiponectin receptors represent key receptors in vivo [51,52]. We thus
measured both ADPNR1 and ADPNR2 expressions in chicken myoblast. The results showed
ADPN expression was significantly upregulated by the addition of recombinant adiponectin
only in non-PA conditions, while the ADPNR1 and ADPNR2 mRNA expressions were
significantly increased with or without PA pretreatment. Although Kadowaki and Yamauchi
[23] found that ADPNRI1 was mainly expressed in muscle tissues in mice, the present
experiment found that both ADPNRI and ADPNR2 responded positively to adiponectin,
which showed that both receptors play important roles in chicken myoblasts. Different from

the previous study which showed that obesity decreased expression levels of ADPNR1/R2,
13
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thereby reducing adiponectin sensitivity [23], we did not find the reduction of ADPNR1/R2

by PA, this result may be due to the PA addition dose.

4.3 Adiponectin Promotes Fat Uptake, Lipolysis and Fat oxidation, thereby Reducing Fat

Deposition in Chicken Myablasts

Adiponectin is considered as an important factor which plays a critical role in glucose as
well as lipid metabolism [53]. In skeletal muscle, full-length or globular domain of
adiponectin causes increase in glucose uptake by promoting the translocation of the glucose
transporter 4 to the plasma membrane [48,54]. Accordingly, our present results showed that
adiponectin promoted the uptake of glucose and fatty acids by chicken myoblasts. The
expression of FATP1, a protein that facilitates the uptake of long-chain fatty acids (LCFAs)
[55], was also increased by ADPN treatment in the present study. FATP1 is expressed in
brown adipose tissue, white adipose tissue, skeletal muscle and heart, but in brain, lung,
pancreas and kidney to a low degree[56,57,58], Stahl et al. [S9]found that overexpression of

FATP alone leads to an increase in LCFA uptake.

We further examined the genes involved in lipid metabolism. Fatty Acid Synthase (FAS),
an essential multi-enzyme of 273 kDa polypeptide dimer complex, catalyzes the endogenous
de novo synthesis of saturated fatty acids from simple molecular precursors such as acyl-CoA
and malonyl-CoA [60,61,62]. Research showed that FAS could produce triglycerides,
complex saturated lipids and lipoproteins (such as very low density lipoprotein and low
density lipoprotein) [62,63]. However, skeletal muscle is an important site for glucose storage

and lipid utilization rather than de novo synthesis of saturated fatty acids [64]. Although we
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found that ADPN treatment significantly upregulated genes expression (FAS and ACC), it

does not mean that their protein and enzyme activity level also increase.

We have known that PPARs which are transcription factors belonging to the nuclear
receptor superfamily control expression of various genes that are crucial for lipid and glucose
metabolism [65], and adiponectin were stimulated by PPARy activation, improving insulin
resistance and glucose homeostasis [66,67]. Therefore, the decreased PPARy expression in the
present study may be related to the negative regulation caused by ADPN overexpression. As
PPARY expression is greater in adipose tissue than in skeletal muscle [68], it is unclear
whether PPARy exerts direct effects on skeletal muscles or alters expression of adipocyte
genes that convey signals to skeletal muscles. However, glucose homeostasis and lipid
metabolism, which mainly occurs in the muscles, are the major mechanisms of PPARy
involved in the improvement of insulin resistance [69,70]. PPARa is expressed in numerous
tissues in rodents and humans including liver, kidney, heart, skeletal muscle and brown fat
[71,72]. The critical role of PPARa agonists in the regulation of B-oxidation of fatty acids has
been well documented [65,73], and they also stimulate the cellular uptake of fatty acids by
increasing the expression of the FATP and fatty acid translocase (FAT) [74]. In the heart,
PPARa primarily supplies energy to the myocardium by regulating the genes responsible for
fatty acid uptake and oxidation [75]. Therefore, the upregulated expressions of PPARo. and
FATPI as well as the increased fatty acids uptake in the present study suggest that ADPN

treatment promotes fatty acid oxidation in myoblasts.

Expectedly, ADPN treatment significantly increased the gene level of ATGL. According to

research, a total of three enzymes are implicated in the complete hydrolysis of TG molecules
15
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in cellular lipid stores: ATGL selectively performs the first and rate-limiting step to hydrolyze
TGs to generate diacylglycerols and nonestesterified fatty acid (NEFAs) [76,77]. The balance
between TG hydrolysis and NEFA esterification tightly controls the cellular concentration of
NEFAs [78,79,80]. ATGL deficiency in mice is associated with a severe reduction in
liposolysis, leading to a significant increase in fat deposition in almost all tissues of the body,
most notably in highly oxidized tissues such as testis, muscle, and the tubular system of the
kidney [77,81]. Studies in human skeletal muscle have dissociated ATGL Ser406
phosphorylation from AMPK activation in vitro and in vivo during exercise [82]. All above
results suggest that ADPN promotes fat uptake, lipolysis and subsequent oxidation of fatty

acids, thereby reducing intracellular fat deposition.

4.4 The AMPK Signaling Pathway is involved in the Effects of Adiponectin in Chicken

Myoblasts

Skeletal muscle is an important site for glucose storage and lipid utilization. Lipids are
stored as triacylglycerols in lipid droplets within skeletal muscle, called intermuscular
triglycerides and are used as a substrate source for energy [64,83]. In mammals, AMPK is
called a "metabolic sensor" or "fuel gauge" because it regulates not only ATP-consuming
(anabolic; e.g., lipogenesis, cholesterol synthesis, protein synthesis) but also ATP-generating
(catabolic; e.g., glycolysis, fatty acid oxidation) pathways, participating in the regulation of
intermediary metabolism in response to intracellular energy demand [52,84]. In many cells,
including cancer cells, AMPK is activated by adiponectin through interactions with
ADPNRI/R2. AMPK activation via increased Thr'’? phosphorylation leads to inactivation of

ACCI/ACC2 and the resulting fall in malonyl-CoA relieves inhibition of CPTI1, which
16
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increased import and P-oxidation of free fatty acids into mitochondria [48,85,86,87].
Therefore, we suspect that AMPK signaling pathway may also play a role in adiponectin
regulation in chicken myoblasts. The proteins expression of AMPK, ACC and CPT1 were
detected using western blot in myoblasts, and we found that ADPN with PA pretreatment
activated the AMPK phosphorylation, suggesting the activation of AMPK pathway by ADPN.
In spite of increased p-AMPK/T-AMPK by adiponectin in the presence of PA, there was no
significant increase in p-ACC/T-ACC and CPTI1 protein and activity. According to our
unpublished data on shorter ADPN incubation times, the significant synchronous changes in
p-AMPK/T-AMPK and p-ACC/T-ACC by ADPN in presence of PA were observed at 1h, but
not at 30 min and 6h. Therefore, the reduced lipid content by ADPN observed at the time of
12h in our present study was the cumulative effect of AMPK and its target genes over 12
hours, and it is not easy to observe their synchronous changes. This may be due to the fact
that ACC phosphorylation do not occur simultaneously with AMPK phosphorylation, which
was demonstrated by Yoon et al. [88] that adiponectin increases fatty acid oxidation in
skeletal muscle cells by sequential phosphorylation of AMPK, ACC and CPT1. To further
verify the involvement of AMPK pathway, we treated myoblasts with Compound C, an
AMPK inhibitor. The results showed that AMPK inhibition respectively alleviated and
reversed the effects of adiponectin on ACC protein level and lipid content in chicken
myoblasts. These results confirm that ADPN regulates lipid metabolism through the AMPK

signaling pathway.

In summary, adiponectin reduced intracellular lipid content, likely by binding to

ADPNRI1/2, activating AMPK pathway, increasing cellular uptake of glucose and fatty acids,

17
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and promoting lipid oxidation. The regulating effect of adiponectin on chicken primary

myoblasts is consistent with that of mammalian.
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Table 1. Gene-specific primers used for the analysis of chicken gene expression.

Gene Sequences (5°—3) Accession NO. Product size (bp)
F: ACCCAGACACAGATGACCGTT

ADPN NM_ 206991 238
R: GAGCAAGAGCAGAGGTAGGAGT
F: GGAGAAGGTTGTGTTTGGGATGT

ADPNR1 NM_ 001031027 218
R: TGGAGAGGTAGATGAGTCTTGGC
F: ACACACAGAGACTGGCAACATC

ADPNR2 NM_ 001007854 144
R: CCCAAGAAGAACAATCCAACAACC
F: AATGGCAGCTTTGGAGGTGT

ACC NM_ 205505 136
R: TCTGTTTGGGTGGGAGGTG
F: CTATCGACACAGCCTGCTCCT

FAS J03860 107
R: CAGAATGTTGACCCCTCCTACC
F: AGACACCCTTTCACCAGCATCC

PPAR«. AF163809 167
R: AACCCTTACAACCTTCACAAGCA
F: CCAGCGACATCGACCAGTT

PPARy AF163811 145
R: GGTGATTTGTCTGTCGTCTTTCC
F: TCAGGAGATGTGTTGGTGATGGAT

FATP1 DQ352834 138
R: CGTCTGGTTGAGGATGTGACTC
F: AAGTCCTGCTGGTCCTCTCCTTG

ATGL NM _001113291.1 94
R: AGTGTTGTCCTCCATCTGGTCCTC
F: ACATGGCATCCAAGGAGTGAG

GAPDH NM_204305.1 244
R: GGGGAGACAGAAGGGAACAGA
F: CTGGCACCTAGCACAATGAA

p-actin NM_205518.1 123

R: CTGCTTGCTGATCCACATCT
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Figure 1. Effects of adiponectin on cell viability and intracellular lipid content in chicken
myoblasts. (A) Cell viability of myoblasts. (B) TG (triglyceride) and TCH (total cholesterol)
in chicken myoblasts were detected by triglyceride reagent kit and total cholesterol reagent kit
respectively. (C) Oil Red O staining of lipid droplets photographed at 400x magnification.

Data are presented as mean = SEM. *p < 0.05. n = 6 in each group.

Figure 2. Effects of adiponectin on the glucose and fatty acid uptake by chicken
myoblasts. (A-C) The glucose and fatty acid uptake in chicken myoblasts were determined
by flow cytometry. Data are presented as mean + SEM. ** p < 0.01, and *** p<0.00l.n=16

in each group.

Figure 3. Effects of adiponectin on the mRNA expression of genes related to lipid
metabolism in chicken myoblasts. (A-B) The relative mRNA abundances of lipid
metabolism genes were determined by real-time PCR. Data are presented as mean + SEM.

*p <0.05, ** p<0.01, and *** p <0.001. n = 6 in each group.

Figure 4. Adiponectin activated the AMPK/ACC/CPT]1 signaling pathway in cultured
chicken myoblasts. (A-C) Representative bands of AMPK, ACC and CPT1. The protein
expressions of AMPK, ACC, and CPT1 in cultured chicken myoblasts were determined by
western blot. (D) The enzyme activity of CPT1 was detected by ELISA kit. Data are presented

as mean £ SEM. *p <0.05, and ** p <0.01. n = 6 in each group.

Figure 5. AMPK inhibitor Compound C reversed the effects of ADPN on lipid content in
cultured chicken myoblasts. (A) Representative bands of AMPK, ACC. The protein

expressions of AMPK and ACC in cultured chicken myoblasts were determined by western

1
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blot. (B) TG (triglyceride) in chicken myoblasts was detected by triglyceride reagent kit. (C)
TCH (total cholesterol) in chicken myoblasts was detected by total cholesterol reagent kit. (D)
Oil Red O staining of lipid droplets photographed at 400x magnification. Data are presented

as mean + SEM. “ p < 0.1, *p < 0.05, ** p < 0.01, and *** p < 0.001. n = 6 in each group.
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Figure 3
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Figure 4
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Figure 5
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