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Abstract

AdipoR1 and AdipoR2 belong to a novel class of transmembrane receptors that mediate the effects
of adiponectin. We have cloned the chicken AdipoR1 and AdipoR2 complementary deoxyribonucleic
acids (cDNA) and determined their expression in various tissues. We also investigated the effect of
feed deprivation on the expression of AdipoR1 or AdipoR2 mRNA in the chicken diencephalon, liver,
anterior pituitary gland, and adipose tissue. The chicken AdipoR1 and AdipoR2 cDNA sequences
were 76–83% identical to the respective mammalian sequences. A hydrophobicity analysis of the
deduced amino acid sequences of chicken AdipoR1/AdipoR2 revealed seven distinct hydrophobic
regions representing seven transmembrane domains. By RT-PCR, we detected AdipoR1 and Adi-
poR2 mRNA in adipose tissue, liver, anterior pituitary gland, diencephalon, skeletal muscle, kidney,
spleen, ovary, and blood. AdipoR1 or AdipoR2 mRNA expression in various tissues was quantified
by real-time quantitative PCR, and AdipoR1 mRNA expression was the highest in skeletal muscle,
adipose tissue and diencephalon, followed by kidney, ovary, liver, anterior pituitary gland, and spleen.
AdipoR2 mRNA expression was the highest in adipose tissue followed by skeletal muscle, liver, ovary,
diencephalon, anterior pituitary gland, kidney, and spleen. We also found that a 48 h feed depriva-
tion significantly decreased AdipoR1 mRNA quantity in the chicken pituitary gland, while AdipoR2
mRNA quantity was significantly increased in adipose tissue (P < 0.05). We conclude that the Adi-

� The chicken AdipoR1 and AdipoR2 cDNA sequences have been submitted to GenBank Database under
Accession no. DQ072275 (AdipoR1), DQ072276 (AdipoR2).
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poR1 and AdipoR2 genes are ubiquitously expressed in chicken tissues and that their expression is
altered by feed deprivation in the anterior pituitary gland and adipose tissue.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Adiponectin; Diencephalon; Pituitary gland; Liver; Kidney; Energy homeostasis; Adipose tissue

1. Introduction

Adiponectin (also called Acrp30, apM1, GBP28, or adipoQ) is a 30 kDa adipokine
hormone secreted primarily from adipose tissue in several mammalian species [1–4]. It is a
244-amino acid protein belonging to a family of proteins that contain sequences homologous
to the C1q globular domain. Adiponectin consists of a N-terminal collagenous domain and
a C-terminal globular domain [5,6]. The globular domain is sufficient to produce various
biological effects of adiponectin [7]. Adiponectin stimulates glucose utilization and fatty
acid oxidation by phosphorylating and activating 5′-AMP-activated protein kinase (AMPK)
[8]. Activation of AMPK results in phosphorylation of a variety of intracellular proteins and
an increase in ATP generation [9]. In addition, adiponectin increases fatty acid oxidation
through inhibition of acetyl-Coenzyme A (Co-A) carboxylase and activation of malonyl-
CoA decarboxylase resulting in reduced malonyl-CoA content [10]. A decrease in malonyl-
CoA concentration increases the transport of long chain fatty acyl-CoA molecules into the
mitochondria where they are oxidized [11].

Recently, two complementary deoxyribonucleic acids (cDNA) encoding two distinct
adiponectin receptors have been cloned and designated as AdipoR1 and AdipoR2 [12].
The deduced amino acid sequence of both AdipoR1 and AdipoR2 have been predicted
to have seven transmembrane domains but they differ from traditional G-protein coupled
receptors (GPCR). Unlike GPCR, the N-terminal end of AdipoR1 and AdipoR2 is localized
intracellularly while their C-terminal ends reside in the extracellular domain [12]. AdipoR1
has been reported to have greater binding affinity to the globular domain of adiponectin while
AdipoR2 binds to both the globular and full length adiponectin with intermediate affinity
[12]. AdipoR1 is expressed ubiquitously, with the most abundant expression occurring in the
mouse skeletal muscle while AdipoR2 is predominantly expressed in the liver [12]. Both the
AdipoR1 and AdipoR2 genes are expressed in human monocytes and macrophages [13] and
also in a primary human osteoblast cell line [14]. In addition, AdipoR1 and AdipoR2 genes
are expressed in rat and human pancreatic beta cells at levels similar to those expressed in
the liver, but greater than in muscle [15]. Both AdipoR1 and AdipoR2 have been found to
mediate the metabolic effects of adiponectin.

AdipoR1 and AdipoR2 have been found to be highly conserved molecules in several
mammalian species [12]. However, adiponectin receptors in avian species have not been
studied in the past. We earlier characterized adiponectin cDNA in the chicken and its
unique expression in several tissues including adipose tissue [16]. Cloning of the chicken
adiponectin receptor gene sequences will help to advance our knowledge on the metabolic
effects of adiponectin in this species that has physiologically higher levels of blood glucose
compared to mammals [17]. Unlike rodents and other non-primate mammalian species,
fatty acid synthesis occurs primarily in the liver of the chicken (as in the human) rather
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than adipose tissue [18]. Therefore, cloning adiponectin receptors in the chicken will lead
to a better understanding of the role of adiponectin signaling in lipogenesis. Here, we
describe cloning of chicken AdipoR1 and AdipoR2 cDNA from adipose tissue and provide
novel evidence that both AdipoR1 and AdipoR2 are expressed in multiple tissues including
diencephalon and anterior pituitary gland. We also provide evidence that expression of the
genes encoding AdipoR1 and AdipoR2 in anterior pituitary gland and adipose tissue is
significantly altered by feed deprivation.

2. Materials and methods

2.1. Animals

Adult female chickens (Hyline W36 strain) were housed in cages and provided water
and feed ad libitum unless otherwise indicated. All animal procedures were carried out
in accordance with the Institutional Animal Care and Use Committee approved protocol.
Chickens were fasted for 48 h to determine the effect of fasting on AdipoR1 and AdipoR2
gene expression in various tissues. Water was available to the chickens at all times during
fasting.

2.2. Cloning of cDNAs encoding chicken AdipoR1/AdipoR2

AdipoR1 and AdipoR2 cDNAs were cloned from total RNA extracted from chicken
adipose tissue. Total RNA was extracted from chicken adipose tissue using Trizol
(Invitrogen, Carlsbad, CA). Following DNAse-I (Qiagen, Valencia, CA) treatment,
first strand cDNA was synthesized by reverse transcribing 1 �g of total RNA using
d(T)30A/G/CA/G/C/T primer and 2U of Powerscript reverse transcriptase (Clontech,
Palo Alto, CA). Forward and reverse primers were developed from a highly conserved
region of mammalian (human, mouse, and swine) AdipoR1 or AdipoR2 cDNA (GenBank
Accession nos.: NM 015999; NM 024551) to amplify a 368 and 389 bp partial cDNA
encoding chicken AdipoR1 and AdipoR2, respectively. The polymerase chain reaction
(PCR) consisted of 300 nM of the forward and reverse primers (AdipoR1: forward-
CTGCCTCAGCTTCTCCTGGCT; reverse-AGRAAGAACCAGCCCATCT; AdipoR2:
forward-GAAGGGTTTATGGGCATGTC; reverse-GAAGAGCCATGAAAAGGAAA),
300 nM of dNTP mixture (Invitrogen) and 2.5U Deep VentR polymerase (New England
BioLabs, Beverly, MA). Using a DNA Engine PTC-200 thermal cycler (MJ Research,
Reno, NV), PCR was conducted with the following thermocycle: 94 ◦C for 1 min, 30
cycles of 94 ◦C for 5 s, 58 ◦C for 10 s and 62 ◦C for 30 s with a final extension of 62 ◦C
for 10 min. The PCR products were gel purified and subcloned into pGEM-T Easy vector
(Promega, Austin, TX) and both sense and antisense strands were sequenced (Davis
Sequencing, Davis, CA) using Sp6 and T7 primers. Chicken AdipoR1 or AdipoR2-gene
specific primers were designed from the above partial cDNA sequences for 5′/3′ rapid
amplification of cDNA end (RACE) reactions using a SMART RACE kit (Clontech). The
5′ and 3′ ends of the chicken AdipoR1 and AdipoR2 cDNAs were then amplified following
manufacturer’s instructions and subcloned into pGEM-T Easy (Promega) and sequenced.
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2.3. RT-PCR

Total RNA was extracted from chicken (n = 4; sexually mature 35 weeks old leghorn
females) adipose tissue, liver, blood, anterior pituitary gland, diencephalon, skeletal mus-
cle (breast muscle), spleen, ovary and kidney using Trizol (Invitrogen) and/or by using
RNeasy kit (Qiagen). Following DNAse-I (Qiagen) treatment, first strand cDNA was syn-
thesized by reverse transcribing 1 �g of total RNA using d(T)30A/G/C A/G/C/T primer and
2U Powerscript reverse transcriptase (Clontech). Approximately, 100 ng of single stranded
cDNA was used as template to amplify a 350 and 345 bp product of AdipoR1 and AdipoR2,
respectively, using the following primers (AdipoR1: forward-gaatacacaccgagacgggcaacatct;
reverse-gcccaagacgcagacaatggagaggta; AdipoR2: forward-gagactggcaacatctggacgcatcttc;
reverse-tgcgatgcccaggacacaaatcacaat). A touch-down PCR was performed using the follow-
ing program: 94 ◦C for 1 min, 30 cycles of 94 ◦C for 5 s and 72–68 ◦C for 3 min. Annealing
and primer extension were done at 72, 70, and 68 ◦C during 1–5, 6–10, and 11–30 cycles,
respectively. The PCR products were subjected to agarose gel electrophoresis and ethidium
bromide staining for visualization. For negative control, reverse transcription reaction using
1 �g total RNA from each tissue with no reverse transcriptase (−RT control) or water was
used as template in place of single stranded cDNA (+RT). The RT-PCR product from each
tissue was sequenced to confirm authenticity.

2.4. AdipoR1 mRNA/AdipoR2 mRNA quantitation in various tissues by real-time
quantitative PCR

Total RNA was extracted from the chicken liver, adipose tissue, diencephalon, ante-
rior pituitary gland, kidney, ovary, and spleen as described above. One microgram of
total RNA was reverse transcribed using d(T)30A/G/C A/G/C/T, 2U Powerscript reverse
transcriptase (Clontech) in a 20 �l reaction. Chicken AdipoR1 mRNA or AdipoR2
mRNA and chicken �-actin mRNA were quantified utilizing 2 �l of the reverse tran-
scription reaction (equivalent to 100 ng single stranded cDNA) as template in the real-
time quantitative PCR. A 149-bp product for chicken AdipoR1 cDNA corresponding to
nucleotides 501–649 (GenBank Accession no. DQ072275) was amplified using the follow-
ing primers: forward-ccaggagaaggttgtgtttg; reverse-tgatcagcagtgcaattcct. For quantifying
AdipoR2 mRNA, a 145 bp long partial AdipoR2 cDNA corresponding to nucleotides
589–733 (GenBank Accession no. DQ072276) was amplified using the following primers:
forward-tcatggctcttccacacagt; reverse-aaggctgagggttgcagtag. Similarly a 123 bp product of
chicken �-actin corresponding to nucleotides 1026–1148 (GenBank Accession no. L08165)
was amplified using the following primer set: forward-CTGGCACCTAGCACAATGAA;
reverse-CTGCTTGCTGATCCACATCT. The real time-quantitative PCR consisted of 1×
Platinum SYBR® Green qPCR Super Mix-UDG (Invitrogen) and 300 nM of forward and
reverse primers. The reactions were carried out in the DNA engine Opticon II (MJ Research)
with the following thermocycle: 50 ◦C for 2 min, 95 ◦C for 2 min, followed by 45 cycles
of 95 ◦C for 15 s, 55 ◦C for 30 s, and 72 ◦C for 30 s. At the end of amplification, a melting
curve analysis was done by heating the PCR products from 65 to 95 ◦C, held for 15 s at
increments of 0.2 ◦C and the fluorescence was detected to confirm the presence of a single
amplification product. Tissue samples from each animal were run in duplicate to obtain aver-
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age CT values for AdipoR1 or AdipoR2 mRNA and �-actin mRNA. For negative controls,
reverse transcription reactions using 1 �g total RNA with no reverse transcriptase (No-RT
control) were used as template in place of single stranded cDNA in the real-time quanti-
tative PCR. The log-linear threshold values (CT) during the exponential phase of the PCR
for AdipoR1 or AdipoR2 mRNA were subtracted from that of �-actin mRNA. AdipoR1 or
AdipoR2 mRNA quantity was expressed as a proportion of �-actin mRNA quantity follow-
ing 2−��CT method for converting log-linear CT values to linear term [19]. The relative
amounts of AdipoR1 mRNA or AdipoR2 mRNA in various tissues were then compared.

2.5. Effect of feed deprivation on AdipoR1/AdipoR2 mRNA expression

Chickens (75-week-old leghorn Hyline W-36 strain) were either fed ad libitum or feed
deprived (n = 6) for 48 h and killed by decapitation. Liver, adipose tissue from the abdominal
fat pad, and anterior pituitary gland were collected from experimental chickens, frozen
in liquid nitrogen, and stored at −80 ◦C until analyzed. Brains from the fed and fasted
chickens were removed from the cranium, incised coronally at the level of mid-brain, frozen
on powdered dry ice, and stored at −80 ◦C. Using a cryostat (Richard-Allen Scientific,
Kalamazoo, MI), brain tissue sections (16 �m) in the coronal plane covering the entire
diencephalon were made and collected in a tube. Total RNA from the diencephalon tissue
sections, liver, and adipose tissue was extracted using Trizol (Invitrogen). Total RNA from
the anterior pituitary gland was extracted using RNeasy kit (Qiagen). One microgram of
DNAse-I treated total RNA from each tissue was reverse transcribed as described above.
AdipoR1 mRNA, AdipoR2 mRNA, and �-actin mRNA quantities were determined by real
time quantitative RT-PCR using SYBR® Green dye as described above. The amount of
AdipoR1 mRNA or AdipoR2 mRNA was expressed as a proportion to �-actin mRNA as
described above and compared between fed and fasted chickens.

2.6. Statistical analyses and softwares used

Relative AdipoR1 or AdipoR2 mRNA quantity to �-actin mRNA quantity was first
converted from log-linear to linear term and then compared using a non-parametric
Mann–Whitney U-test using SAS (SAS Institute, Cary, NC). AdipoR1 mRNA or Adi-
poR2 mRNA quantity in adipose tissue, liver, anterior pituitary gland, and diencephalon
between fed and fasted chickens were compared using multiple Student’s t-test. A proba-
bility level of P < 0.05 was considered statistically significant. For DNA sequence analysis
and for PCR primer design, Vector NTI suite 9.1 (Invitrogen) was used.

3. Results

3.1. Cloning of chicken AdipoR1 and AdipoR2 cDNA

AdipoR1 and AdipoR2 cDNAs were cloned from chicken adipose tissue and the
nucleotide sequences have been deposited in the GenBank (Accession nos. DQ072275,
DQ072276). The open reading frame of chicken AdipoR1 and AdipoR2 cDNAs con-
sisted of 1128 and 1161 bp, respectively. The chicken AdipoR1 cDNA and AdipoR2 cDNA
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Table 1
Comparison of chicken AdipoRl and AdipoR2 with mammalian AdipoRl and AdipoR2

Species GenBank Accession no. Length (bp) Nucleotide
% identity

Amino acid
% identity

(a) AdipoR1
Human NM 015999 1128 80 91
Mouse NM 028320 1128 82 91
Rat NM 207587 1128 82 91
Pig NM 001007193 1128 83 91

(b) AdipoR2
Human NM 024551 1161 76 82
Mouse NM 197985 1161 76 82
Pig AY606803 1161 78 82

sequences were only 68% homologous to each other, a common property with mammalian
AdipoR1 and AdipoR2 cDNA sequences [12]. However, the chicken AdipoR1 cDNA was
found to be 80–83% homologous to human, mouse, rat, or pig AdipoR1 cDNA, while
the deduced protein sequence was 91% similar to mammalian AdipoR1 (Table 1). Sim-
ilarly, the chicken AdipoR2 cDNA was 76–78% homologous to human, mouse, or pig
AdipoR2 cDNA, while the deduced protein sequence was 82% similar to mammalian Adi-
poR2 (Table 1). A hydrophobicity plot analysis [20] of the deduced amino acid sequences
of the chicken AdipoR1 and AdipoR2 cDNAs revealed a series of seven highly hydrophobic
regions as found in mammalian AdipoR1 and AdipoR2 [12] that represent transmembrane
regions of the receptor.

3.2. Genomic locus of AdipoR1 or AdipoR2

A BLAST search using the first draft of the chicken genome project (http://www.ensembl.
org/Gallus gallus/blastview/ [21]) was done to identify the genomic location of AdipoR1
and AdipoR2 cDNA cloned in the present study. The coding nucleotide sequence of Adi-
poR1 was located on chromosome 32 (nt 20578–25859), while that of AdipoR2 was located
on chromosome 1 (nt 57603978–57624369).

3.3. RT-PCR

Partial cDNAs corresponding to nucleotides 389–738 (GenBank Accession no.
DQ072275) for AdipoR1 mRNA or nucleotides 430–774 (GenBank Accession no.
DQ072276) for AdipoR2 mRNA were amplified from the single stranded cDNA reverse
transcribed from total RNA extracted from chicken adipose tissue, liver, diencephalon,
skeletal muscle, kidney, spleen, ovary, anterior pituitary gland, and blood (Fig. 1). The
nucleotide sequence of the AdipoR1 or AdipoR2 RT-PCR products was identical to the
region of chicken AdipoR1 or AdipoR2 cDNA from where they were amplified. In addition,
a BLAST search of the chicken AdipoR1/AdipoR2 RT-PCR products revealed significant
homology only to the respective mammalian sequences and showed no homology to any
other chicken genes. Reverse transcription reactions consisting of total RNA from each

http://www.ensembl.org/gallus_gallus/blastview/
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Fig. 1. RT-PCR analysis of AdipoR1 or AdipoR2 gene expression in various tissues in the chicken (n = 4). Total
RNA extracted from each tissue was DNAse-I digested and reverse transcribed. Approximately 100 ng of cDNA
(+) was used as template to amplify a 350 bp (AdipoR1) or a 345 bp (AdipoR2) product. Contamination controls
consisted of RNA from each tissue without reverse transcriptase (−) or substitution of water for the template. M:
Molecular weight standard; bp: base pair; Dienc: diencephalon; SkM: skeletal muscle.

tissue but without reverse transcriptase did not yield any product, suggesting that genomic
DNA did not contribute for amplification of the AdipoR1 or AdipoR2 PCR product (Fig. 1).
Presence of AdipoR1 and AdipoR2 mRNA transcripts in the blood may have contributed to
the AdipoR1 and AdipoR2 gene expression in other tissues studied as blood contamination
in the tissues cannot be avoided. However, we detected robust expression of the AdipoR1
and AdipoR2 genes in a chicken liver hepatoma cell line that represents a pure population
of hepatocytes devoid of blood and connective tissue cells, indicating that hepatocytes do
express the AdipoR1 and AdipoR2 genes (Ramachandran and Vasilaltos-Younken, unpub-
lished observation). Similarly, a recent study utilizing in situ hybridization histochemistry
confirmed the presence of AdipoR1 and AdipoR2 mRNA transcripts in several tissues in
the mouse embryo [22].

3.4. Relative quantity of AdipoR1 and AdipoR2 mRNA in various tissues

Skeletal muscle, adipose tissue, and diencephalon was found to contain the highest
quantities of AdipoR1 mRNA followed by kidney, ovary, liver, anterior pituitary, and spleen
(Fig. 2A). Adipose tissue had the highest quantity of AdipoR2 mRNA followed by skeletal
muscle, liver, ovary, diencephalon, anterior pituitary, kidney, and spleen (Fig. 2B). Melting
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Fig. 2. AdipoR1 (A) or AdipoR2 (B) mRNA quantity relative to �-actin mRNA quantity in various tissues in
the chicken. Total RNA from each tissue was DNAse-I treated and reverse transcribed. Approximately 100 ng
of cDNA was used in real-time quantitative PCR using SYBR® green as the dye to quantitate AdipoR1 mRNA,
AdipoR2 mRNA, or �-actin mRNA in separate reactions. Each reaction was run in duplicate and threshold (CT)
values for AdipoR1 mRNA or AdipoR2 mRNA were subtracted from that of �-actin mRNA and converted from
log-linear to linear term. The data represents mean values from four chickens for each tissue. Data with different
letters above each bar within each chart represents significant difference at P < 0.05.

curve analyses showed the presence of a single PCR product for AdipoR1, AdipoR2, or
�-actin, confirming the specificity of the reaction (data not shown).

3.5. Effect of feed deprivation on AdipoR1 mRNA or AdipoR2 mRNA quantity

Feed deprivation for 48 h resulted in a significant decrease (P < 0.05) in AdipoR1 mRNA
quantity in the anterior pituitary gland but not in adipose tissue, diencephalon, and liver
(Fig. 3A). Similarly, AdipoR2 mRNA content was significantly increased (P < 0.05) in
adipose tissue due to a 48 h feed deprivation, while its quantity remained unchanged in
liver, diencephalon, and anterior pituitary gland (Fig. 3B). Melting curve analyses showed
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Fig. 3. Effect of feed deprivation on AdipoR1 mRNA (A) or AdipoR2 mRNA (B) quantity in the chicken dien-
cephalon, anterior pituitary gland, liver and adipose tissue. Chickens (n = 6) were fed ad libitum or fasted for
48 h and killed by decapitation. Total RNA was extracted from tissues and DNAse-I treated. Following reverse
transcription, approximately 100 ng of cDNA was used in real-time quantitative PCR using SYBR® green as the
dye to quantitate AdipoR1 mRNA, AdipoR2 or �-actin mRNA in separate reactions from fed and fasted chickens.
Each reaction was run in duplicate and the threshold (CT) values for AdipoR1 mRNA were subtracted from that
of �-actin mRNA, averaged and converted from log-linear to linear term. An asterisk above the bar represents
significant difference at P < 0.05.

the presence of a single PCR product for AdipoR1, AdipoR2, or �-actin product confirming
the specificity of the reaction (data not shown).

4. Discussion

This is the first report on cloning chicken AdipoR1 and AdipoR2 cDNA sequences.
The cDNAs encoding chicken AdipoR1 and AdipoR2 shared high degree of homology
with the respective mammalian homologues suggesting that both genes are evolutionarily
conserved and may have important biological functions. In mammalian species, AdipoR1
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was reported to have greater affinity for the globular domain of adiponectin while AdipoR2
has preferential binding to full length adiponectin comprising of collagenous and globular
domains. The predicted sequence of chicken adiponectin contains putative globular and col-
lagenous domains [16] as found in mammalian species. However, relative affinities of the
chicken AdipoR1 and AdipoR2 to adiponectin fractions remain to be determined. Never-
theless, the presence of two receptors for adiponectin in the chicken as found in mammalian
species may indicate similarity in biological functions. Furthermore, hydrophobicity anal-
yses of the deduced amino acid sequence of the chicken AdipoR1 and AdipoR2 revealed
seven hydrophobic regions representing seven transmembrane domains. Again, this pattern
is similar to mammalian AdipoR1 and AdipoR2 that have also been predicted to contain
seven transmembrane domains [12].

We found that the AdipoR1 and AdipoR2 genes are expressed in multiple tissues in the
chicken wherein both receptors are likely to mediate the physiological effects of adiponectin.
In addition, chicken AdipoR1 and/or AdipoR2 may also regulate de novo expression of the
adiponectin gene in these tissues [16] in an autocrine and/or paracrine regulatory pathway.
We determined the relative expression of AdipoR1 and AdipoR2 mRNA in various tissues
using real time quantitative PCR and found that skeletal muscle, adipose tissue and dien-
cephalon were the principal organs where AdipoR1 gene was maximally expressed, while
AdipoR2 mRNA expression was the highest in adipose tissue. In contrast to our findings
in the chicken, mouse AdipoR1 and AdipoR2 mRNAs have been found to be maximally
expressed in the skeletal muscle and liver, respectively [12]. This may represent species
variation in the gene expression of AdipoR1 and AdipoR2.

This is the first report describing robust expression of AdipoR1 mRNA in the brain of any
species. In the past, low levels of AdipoR1 and AdipoR2 mRNA have been detected in the
mouse brain [12]. AdipoR1 expression in the diencephalon may suggest its involvement in
adiponectin signaling possibly in the hypothalamus. In this regard, intracerebroventricular
administration of adiponectin has been found to affect energy metabolism and body weight
in mice [23].

The quantities of Adipo2 mRNA in other tissues were highest in liver, skeletal muscle,
and ovary followed by diencephalon, anterior pituitary gland, kidney, and spleen. The liver is
the primary site of lipid biosynthesis [24] in avian species unlike rodents where fat synthesis
occurs in white adipose tissue. AdipoR2 mRNA expressed in the chicken liver may possibly
be involved in lipid metabolism, glucose utilization, and gluconeogenesis. Adiponectin
receptors (both AdipoR1 and AdipoR2) expressed in skeletal muscle are possibly involved
in glucose utilization as in mammals and also in thermogenesis as chicken skeletal muscle
fast twitch fibers convert to slow twitch fibers for heat production when exposed to cold [25].
It is tempting to speculate that both AdipoR1 and AdipoR2 mRNA expressed in the ovary
are possibly involved in steroid synthesis as it was recently shown that AMPK, a molecule
that is activated by adiponectin, is involved in ovarian progesterone synthesis [26].

This is the first report on documenting AdipoR1 and AdipoR2 gene expression in the
anterior pituitary gland in any species. AdipoR1 and AdipoR2 found in the chicken pituitary
gland may possibly regulate pituitary hormone secretion. In this regard, prolactin and growth
hormone have been found to affect AdipoR1 and AdipoR2 gene expression in adipose
tissue [27], and plasma growth hormone concentrations are inversely related to adiponectin
concentrations in mice [28] and in humans [29].
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We earlier reported that fasting in chickens significantly decreased the adiponectin gene
expression in adipose tissue, liver, anterior pituitary gland but not in diencephalon [16]. Feed
deprivation is likely to create a negative energy balance that may have altered expression
of the AdipoR1 or AdipoR2 genes in these organs involved in metabolism or neuroen-
docrine system. In the present study, we found that a 48 h feed deprivation significantly
increased AdipoR2 mRNA quantity in the adipose tissue and decreased AdipoR1 mRNA
quantity in the anterior pituitary gland with no change in liver and diencephalon Adi-
poR1 or AdipoR2 mRNA quantity. A significant change in AdipoR1 or AdipoR2 mRNA
quantity and a concomitant decrease in adiponectin mRNA quantity in response to fast-
ing suggest that adiponectin may possibly regulate its own secretion from adipose tissue
and/or from pituitary gland in an autocrine and/or paracrine regulatory pathway. In this
regard, food deprivation in mice leads to increased AdipoR1 and AdipoR2 mRNA expres-
sion in liver and skeletal muscles and refeeding restored the AdipoR1 and AdipoR2 gene
expression to a level equal to the original fed state [30]. AdipoR1 mRNA concentration
in adipose tissue was not affected by short term feed restriction in pigs while that of Adi-
poR2 was significantly increased [31] similar to our findings in the chicken. Expression
of both AdipoR1 and AdipoR2 genes in mice appears to be inversely regulated by insulin
in physiological and pathophysiological states such as fasting in mice [30]. A significant
increase in AdipoR2 gene expression in adipose tissue due to fasting in the chicken may
possibly be due to decreased plasma insulin levels that normally occur during fasting in
the chicken [32]. In contrast, a decrease in AdipoR1 gene expression in the pituitary gland
may suggest that its gene expression is apparently not under the control of insulin. This
conclusion is supported by a report that insulin did not directly modify AdipoR1 mRNA
expression in human skeletal muscle cells cultured in vitro [33]. Although expression of
the AdipoR1 or AdipoR2 genes fluctuates in response to feeding status, it remains to be
determined whether such changes are reflected in AdipoR1 or AdipoR2 protein expres-
sion.

In summary, we have cloned the chicken AdipoR1 and AdipoR2 cDNA and found that
both genes are ubiquitously expressed in multiple tissues of the chicken. In addition, we
found that both AdipoR1 and AdipoR2 gene expression in the chicken anterior pituitary
gland and adipose tissue are significantly altered by feed deprivation. Further studies are
required to characterize the functional role of AdipoR1 and AdipoR2 in metabolism and
energy homeostasis in the chicken.
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