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Abstract Aiming to analyze the characteristics of the
Cyprinus carpio obese gene structure and the biological
activity of its expression product, we amplified the carp
obese gene using reverse transcription—polymerase chain
reaction from carp mesentery adipose tissue RNA. Se-
quence analysis revealed that it has a length of 438 nt,
which encodes a 146-amino acid peptide. When nucleotide
sequence and deduced amino acid sequence were com-
pared with homologous sequences from those of humans,
pigs, and rats, they displayed a fairly high degree of
conservation (the homology of the nucleotide sequence
was 84%, 86%, and 95%, respectively, while that of the
amino acid sequence was 84%, 82%, and 96%, respec-
tively, for humans, pigs, and rats). The cDNA fragment was
inserted into the expression vector pET-28a, and the
resulting plasmid was expressed in Escherichia coli
BL21 (DE3) by isopropylthiogalactoside induction. Re-
sults of sodium dodecyl sulfate—polyacrylamide gel elec-
trophoresis analysis indicated that a fusion protein was
specifically expressed in E. coli BL21 (DE3). The weight
of the fusion protein was about 20 kDa, and a 16-kDa
protein was expressed from the carp obese gene. By gel
thin-layer scanning analysis, the amount of target protein
was determined to be about 20%. The purified product was
found to be biologically active and to reduce the food
intake and body weight of mice during tests.
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1 Introduction

Obese gene was identified in mice in 1950. The discovery
of the obese gene by Zhang et al. [1] has provided the key
to understanding the molecular mechanisms underlying
obesity. At present, the obese gene and its expression
product (leptin) are the focus of attention. The obese gene
is made up of 438 nt, encoding a 166/167-amino acid
polypeptide with a signal sequence. The molecular mass of
leptin is 16 kDa. Leptin acts on a special receptor in the
hypothalamus by regulating food intake and energy
consumption [2,3]. It is an important signaling factor that
reflects body fat level [4]. Leptin also plays an important
role in reproduction, immune function, neuroendocrine
secretion, and renal function [5,6]. The obese gene has a
wide variety of functions in biology.

Obese gene has been cloned in many animals, including
rats and pigs, and even in humans [7-9]. The obese gene is
conserved in vertebrates. The existence of leptin in fish was
predicted by Southern analysis in the original report on the
discovery of leptin [1]. Recent evidence shows that leptin
was also expressed in the blood, brain, heart, and liver of
various bony fish species [10], but the fish obese gene
sequence and its expression characteristics have not been
reported recently. The number of fish species is numerous,
and different species have different feeding behaviors. The
feeding behavior has affinity with body fat level, feeding
consumption, and feeling of satiation. The study on the fish
obese gene will benefit from knowledge on the relation-
ships among body fat level, feeding consumption, feeling
of satiation, and fish feeding behavior. This paper reports
on the Cyprinus carpio obese gene, which was success-
fully expressed at high levels in Escherichia coli BL21
(DE3). The purified product was found to be biologically
active.



2 Materials and methods
2.1 Experimental animals

Carp were purchased from the College of Fisheries,
Huazhong Agricultural University (Wuhan, China).

2.2 Materials

Reverse transcription—polymerase chain reaction (RT-
PCR) kit, T, DNA ligase, DNA marker, and restriction
enzyme were purchased from TaKaRa. Both pGEM-T
vector and DNA purification kit were provided by Pro-
mega. PET-28a vector, E. coli DH5«, and E. coli BL21
(DE3) were stored in our laboratory. Primers were
synthesized by TaKaRa.

2.3 Carp obese gene cloning and sequencing

According to the RNA isolation kit, total RNA from
mesentery adipose tissues of carp were extracted. RT-PCR
strategy was adopted to clone the carp obese gene. RT-PCR
amplifications were performed in a final volume of 25 ul,
containing 0.5 pg of RNA, 5 mmol of MgCl,, 1 mmol of
dNTP, 10 U of RNase inhibitor, 10 U of AMV RTase, 1.0 U
of AMV-Taq, and 5 uM AMV-Tagq. In each of the sense and
antisense primers (according to conserved sequences of
announced obese genes in humans, mice, and pigs), a pair of
primers was designed (sense: 5-AGGAATTCGTGCC
TATCCAGGATG-3' and antisense: 5-ACAAGCTTCT
CAGCATTCAGGGCT-3"). RT-PCR amplifications were
performed in a Hybaid Omnigene Thermal Cycler for 30
cycles programmed for 30 s at 94°C, for 30 s at 55°C, and
for 30 s at 72°C and followed by an extension amplification
of 10 min at 72°C at the end of the PCR reaction. PCR
products were isolated by electrophoresis on a 1.5% agarose
gel and on a gel image analysis system. The amplified
fragment was purified by Sephaglas band preps, then
ligation products were ligated into the pGEM-T vector
using a T4 DNA ligase, according to the manufacturer’s
instructions; finally, the ligation products were transformed
into E. coli DH5 « cells. Positive clones were identified, and
the recombined plasmid was automatically sequenced by
dideoxy-mediated chain termination method.

2.4 Sequence analysis

The nucleotide sequence of the carp obese gene was
analyzed by Genety-8.5, DNA Start, and other software.
The nucleotide sequence and the deduced amino acid
sequence were compared with homologous sequences from
humans, pigs, and rats by GenBank Blast.
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Fig. 1 Amplification of the cDNA fragment of the carp obese gene

2.5 Expression of carp obese gene in E. coli BL21

The carp obese gene was cloned into Ecoll/HindlIlI sites of
the vector pET-28a. The plasmid was confirmed by
restriction analysis and transformed into E. coli BL21
cells. A positive clone was selected for incubation in
Luria—Bertani culture. After inducing 0.1 M isopropylthio-
galactoside (IPTG) for about 1, 2, and 3 h, the cells were
collected by centrifugation. The induced body was
separated, and the induced product was analyzed by
sodium dodecyl sulfate—polyacrylamide gel electrophore-
sis (SDS-PAGE).

2.6 Biological analysis of the expression product
Twenty Kunming mice were divided into two groups of ten
and kept at room temperature. One week later, one group

(44.4241.44 g) was used as control and injected with
10 mg/ml physiologic saline. The other group (44.40+
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Fig. 2 Restriction enzyme analysis of the recombinant
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Fig. 3 cDNA sequence and
deduced amino acid sequence of
the Cyprinus carpio obese gene

Fig. 4 Amino acid sequence
alignments among the obese
genes of carp and other species.
Shading indicates the same
amino acids

1 GTG CCT ATC CAG AAA GTC CAG GAT GAC ACC AAA ACC CTC ATC AAG ACC ATT GTC
vV P I Q K V Q D p T K T L I K T 1 V
55 ACC AGG ATC AAT GAC ATT TCA CAC ACG CAGTCG GTA TCC GCC AAG CAG AGG GTC
T R I N D I S H T Q S V S A K Q R v
109 ACT GGC TTG GAC TTC ATT CCT GGG CTT CAC CCC ATTCTG AGT TTG TCC AAG ATG
T G L D F I P G L H P I L S L S K M
163 GACCAG ACT CTG GCA GTC TAT CAA CAG GTC CTC ACC AGC CTGCCT TCC CAA AAT
D Q T L A V Y Q Q V L T S L P S Q N
217 GTG CTG CAG ATA GCC AAT GAC CTG AAG AAT CTC CGA GAC CTC CTC CAT CTG CTG
vV L Q I A N D L K N L R D L L H L L
271 GCC TTC TCC AAG AGC TGC TCC CTG CCT CAG ACC AGT GGCCTG CAGAAG CCA GAG
A F S K S C S8 L P Q T S G L Q K P E
325 AGCCTG GAT GGC GTC CTG GAA GCC TCA CTC TAC TCC ACA GAG GTG GTG GCT TTG
s L b G VvV L E A 8 L Y S T E V V A L
379 AGC AGG CTG CAG GGC TCC CTG CAG GAC ATT CTT CAA CAG TTG GAT GTT AGC CCT
S R L Q G 8 L Q D I L Q Q L D V S P
433 GAA TGC
E C

Carp VPIQKVQDDTKTL IKTIVTRINDISHTQSVSAKQRVTGLDFIPGLHPILSLSKMDQ
Pig VP WQDDTKTLIKT[VTR]EDISHMQSV KQRVTGLDF[PGLHFELSLSKMDQ
Human VPIQKVQDDTKIL IKTIVTRINDISHTQSVSEK Q VTGLDFIPGLHPILILSKMDQ
Rat VPIEKVQDD’IKTLIK’I‘IVTR]NDISHTQSVSAEQRVTGLDFIPGLHPILSLSKIvﬂ)Q
57 112
Carp TLAVYQQVLTSLPSQNVLQIANDLKNLRDLLHLLAFSKSCSLPQTSGLQKPESLDG
Pig TLAIY QQILTSLPSENVIQ =NLRDLLI-ILLASSKSOi_P ARA SL!
Human TLAVY! Tsﬁp INVIQ NLRDLLH'LAFSKSOHL A G:Esjz
Rat TLAVYQQ ITSLPSQNVLQIAHDLLNLRDLLHLLAFSKSCSLPQ”IIEGLQKPESLDG
113 146
Carp VLEASLYSTEVVALSRLQGSLQDILQQLDVSPEC

Pig VLEASLYSTEVVALSRLQGALQDi R LSIjC
Human VLEASEYSTEVVALSRLQGSLQDHL' QIDLSPEC
Rat VLEASLYSTEVVALSRLQGSLQDILQQUDLSPEC
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Fig. 5 SDS-PAGE analysis of the plasmid pET-28a-induced E. coli
BL21 (DE3)

1.25 g) received an equal (10 mg/ml) daily intraperitoneal
injection of leptin. The body weight and food intake of
mice were measured everyday after injection. After 6 days,
the mice were killed, and retroperitoneal fats, mesentery
fats, and other body fats were separated and weighed.

2.7 Statistical analysis

All results were expressed as mean + standard error. Data
of food intake, body weight, and body fats were analyzed
by one-way ANOVA. The level of significance was set as
P<0.05.

3 Results
3.1 Cloning and sequence analysis of carp obese gene

For cloning of obese gene cDNA (Fig. 1), RT-PCR was
performed using total RNA from adipose tissues of carp.
Using designed primers, the carp was amplified from RNA.
The fragment comprised an open reading frame of 438 nt
encoding a deduced protein of 146 amino acids (GenBank,
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Fig. 6 Effect of leptin on the food intake of mice
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Fig. 7 Effect of leptin on the weight gain of mice

accession no. AY547279). The nucleotide sequence of the
carp obese gene and the predicted protein sequence were
aligned with those of humans, pigs, and rats (Fig. 3). The
sequences share a high homology with those of the other
animals. GenBank Blast analysis of the coding sequence of
the carp obese gene demonstrated that this cDNA has an
84% homology to humans and a 86% homology to pigs.
The highest homology is that with the rat coding sequence
(95%). Compared to those of humans, pigs, and rats, the
homology of the amino acid sequences is 84, 82, and 96%,
respectively.

3.2 Expression of carp obese gene in E. coli BL21

The carp obese gene was inserted into vector pET-28a
(Fig. 2). After identification by restriction enzyme analysis,
the recombinant was transformed into E. co/i BL21 cell and
induced by IPTG for about 1, 2, and 3 h. Results of SDS-
PAGE analysis indicated that the protein was highly
efficiently expressed in BL21 (DE3) (Figs. 3, 4 and 5). The
expression level of the induction for 3 h was longer those of
than other induction times. By gel thin-layer scanning
analysis, the amount of target fusion protein was about
20%. The molecular mass of the fusion protein was about
20 kDa, which included the 16-kDa protein expressed by
the carp obese gene.
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Fig. 8 Effect of leptin on the body fats of mice
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3.3 Biological analysis of carp leptin

We recorded variations on food intake, body weight, and
body fat after leptin injection. Daily intraperitoneal in-
jections of leptin, food intake, and body weight of leptin-
injected mice obviously decreased (P<0.05) (Figs. 6 and
7). This difference was not evident in control mice. On the
seventh day, the body fat level of the leptin-injected mice
was lower than that of control mice (P<0.01) (Fig. 8).
These variations suggested that carp leptin could decrease
body weight, food intake, and body fat level. Leptin protein
served an endocrine function in regulating body fat storage.

4 Discussion

Leptin was initially discovered in mice and was highly
conserved in vertebrate spices. The first report on the fish
obese gene in eels was made in 1994 using Southern
hybridization, but the eel obese gene has not been further
studied [1]. The understanding of the fish obese gene and
its function remains poor. Recently, Johnson et al. [10]
reported the presence of immunoreactive leptin in several
fish tissues, such as the heart, brain, and blood. Leptin, like
immunoreactive materials, has been detected in the blood
and tissues of amphibians, reptiles [11], and fish [11,12].
These researches have not reported on the structure, char-
acteristics, and functions of the fish obese gene. According
to the obese gene, cDNA encode sequences in humans,
rats, pigs, and other animals. We designed a pair of primers,
and we have successfully cloned the carp obese gene. This
study demonstrates that the carp obese gene shares a high
degree of conservation with other animals’ obese genes.
Particularly in comparison to those in rats, the alignment of
the nucleotide sequence and the amino acid sequence in
carp is up to 95 and 96%, respectively. The obese gene
shares a high conservation in the evolution of species.
The current study indicates that leptin is a kind of protein
that has endocrine function. The effects of leptin on food
intake have given rise to the hypothesis that leptin has a role
in the feedback regulation of adipose mass on food intake.
Daily intraperitoneal injection of mice with recombinant
leptin lowered their body weight, body fat level, and food
intake [4]. Activity levels were increased through this
treatment. With the aim of studying the function of carp
leptin, we constructed the expression vector of the carp
obese gene, and it was efficiently expressed in E. coli with
high fusion. Amino acid residues of about 4 kDa of the
vector pET-28a and the target protein have formed the
fusion protein. The molecular mass of the fusion protein is
about 20 kDa. By gel thin-layer scanning analysis, the
percentage of the fusion protein was determined to be about
20%. The cloning and expression of the carp obese gene
established the foundation of further studies on the function
and application of carp leptin. Daily intraperitoneal
injections of carp leptin protein reduce the body weight of
mice. The leptin protein reduces food intake and increases

energy consumption in mice, suggesting that the obese gene
protein serves an endocrine function in regulating body fat
storage [2]. The results demonstrate that the carp leptin
shares the same function with that in humans.

Having food-intake-regulatory function, the obese gene
probably has a quantitative characteristic that affects body
fat level, feeding consumption, and feeling of satiation.
Research studies on fish feeding usually use chemicals to
investigate different parts of the hypothalamus, observe
and analyze conditions of food intake [13], use touch and
olfaction to study animal feeding behavior, or use the
function of some compounds to pursue further studies [14].
These studies have not radically elucidated the molecular
mechanisms of fish feeding, nerve function, and endocrine
function. The opposite invariableness of animal body
weight relies on adipose tissues delivering the leptin signal
to the brain. The hypothalamus integrates the signal to
control food intake and to maintain energy metabolism
balance. Studies on the fish obese gene will be propitious to
the study of relationships among fat deposition, food
intake, feeling of satiation, nerve function, and endocrine
function. It is possible to make further analyses on the
molecular mechanisms of fish feeding regulation.
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