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Abstract. To study the functions of ACBP in fish growth and metabolism, we isolated and characterized
the cDNA from Onychostoma macrolepis. The full length Oma-ACBP cDNA(GB: JN634871) utilizing
RACE method, which was 1582 bp in length, contains a 76bp 5’-UTR, an open reading frame of 1071 bp
encoding a 357 amino acid and 432 bp 3’-UTR. The theoretical molecular weight was 39.2 kDa and
isoelectric point was 6.78. The sequence analysis indicated that the Oma-ACBP had significant similarity
across fishes, the sequence shared 93% identity with Cyprinus carpio. A phylogenetic tree was constructed
showed that ACBP family protein sequences from fishes and vertebrates had high homology with OmaACBP, the sequence shared 93% identity with Cyprinus carpio. The qRT-PCR analysis demonstrated that the
Oma-ACBP was widely detected in tissues and was mainly detected in ovary(p<0.05). In diet challenge, the
Oma-ACBP transcripts showed a reduction from group 32% to 42% in spleen and intestine, a quickly growth
from group 42% to 52% in spleen. The expression of Oma-ACBP was detected post starvation challenge, the
expression was highly expressed at 2-day, 5-day and 9-day, the expression was gradually increased from 3day to 5-day, and was decreased from 5-day to 8-day.
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1.

Introduction

Acyl-CoA binding protein(ACBP) is highly conserved and considered to be the primary intracellular
acyl-CoA binding protein, with molecular masses of 9-10 kDa cytosolic protein and consists of 86–103
amino acids[1, 2, 3]. ACBP was first isolated from rat brain and was named diazepam-binding inhibitor[4].
ACBP is protein able to bind long chain acyl-CoA esters(C14–C22) in a one-to-one binding mode with high
specificity and affinity(Kd, 1–10 nM)[5, 6]. ACBP is involved in lipid metabolism, act as an acyl-CoA
transporter and pool former[7]. ACBP plays a key role in binding steroidogenesis via to a specific outer
mitochondrial membrane receptor and modulation of fatty acid biosynthesis[8]. ACBP was also apparently
involved in regulation of the nature of innate immunity[9]. ACBPs possesses at least three major types: LACBP(first characterized in liver), T-ACBP(identified in testis) and B-ACBP(brain)[10, 11].
Now, the ACBP has been identified in many aquatic animals, such as Strongylocentrotus intermedius
[12], Perkinsus marinus(GenBank number: XM002787996), Xenopus laevis[13], specifically, the ACBP has
been identified in many fishes, such as Ictalurus punctatus[14], Oncorhynchus nerka[15], Salmo salar[16],
Danio rerio[17], Cyprinus carpio[18], however, there is no report is available on the ACBP and its
expression in the largescale shoveljaw fish, it is an omnivorous species belonging to the family Cyprinidae
of the class Varicorhinus, and is a wild Chinese indigenous species[19]. The aim of the present study was to
characterize the relationship between the expression of ACBP and the metabolism of lipid. We have isolated
the Oma-ACBP cDNA, the analysis software was used to analyze the sequence of Oma-ACBP. The
expression patterns following starvation and different dietary challenge were also analyzed in order to
understand the functions in metabolism during the growth of largescale shoveljaw fish.
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2.

Materials and methods

2.1. Materials collection
Largescale shoveljaw fish(Onychostoma macrolepis) 17-25g in body weight, 12.3±3.2 cm in body length
were obtained from National Engineering Research Center for Freshwater Fisheries in Fangshan
District(Beijing, China), and were cultured in 0.5m3 tanks filled with air-pumped freshwater[19]. For the
cloning and examination of Oma-ACBP in the organizations: the gonad, ovary, liver, heart, brain, cheek,
intestine, muscle, eye, spleen were collected from the mature Largescale shoveljaw fish. In diet challenge
experiments, the fishes were fed of diet at the protein content of 32%, 42% and 52%(20 fishes each group,
totle of 60 fishes), following the 12-week feeding, all of the fishes were maintained in a concrete condition
until 5-hour post feed, followed by samples collection from three random fish, the liver, muscle and intestine
were collected and the expression of Oma-ACBP was investigated, the diet of Tubifex(Limnodrilus
hoffmeisteri) as the control group. In the starvation challenge experiments, liver was collected at 0 to 14 day
post-starvation[20]. All of samples were snap frozen in liquid nitrogen and stored at -80 °C until use.

2.2. RNA extraction
Total RNAs from a variety of tissues(gonad, ovary, liver, heart, brain, cheek, intestine, muscle, eye,
spleen) were extracted and purified by the Trizol RNAprep Kit(Tiangen, Beijing, China) following the
manufacturer's instructions. The purity of RNAs were verified by measuring the absorbance at 230, 260, 280
and 320 nm by Smart specTMplus spectrophotometer(Bio-Rad, Hercules, US) and its quality and integrity
was confirmed by 1% agarose electrophoresis. The RNA were reversed and transcribed to cDNAs using the
Reverse Transcriptase kit(TaKaRa, Dalian, China).

2.3. The cDNA Cloning of Oma-ACBP
The sequences of primers used for cloning were listed in Table.1. By using primers PF1 and PR1
designed by the conserved regions of the ACBP genes from other fishes, a conservative fragment of 517 bp
was amplified under the PCR condition: 94°C(30s), 55°C(30s), and 72°C(120s) for 35 cycles using a
Eppendorf PCR cycler. By using primers: P3RACE-1, P3RACE-2, P5RACE-1, P5RACE-2, the 5′ and 3′
cDNA ends of Oma-ACBP was obtained by using the BD SMART RACE Kit(Clontech, Carlsbad, US)
following the manufacturer's instructions. The amplified fragments were separated and purified with Axygen
Gel Extraction Kit(Axygen, Hangzhou, China). The purified fragments were then cloned into pMD19-T
vector and propagated in E. coli DH5α(Takara, Dalian, China), and were sequenced by Tsingke BioTech
company(BioTech company, Beijing, China).
Table.1 ACBP and β-actin gene of Onychostoma macrolepis, Corresponding PCR primers used for fragment cloning
and quantitative real time PCR.
Primers
Sequence(5′→3′)
Position
For the cloning of conserved sequence
PF1
gcctggcagtattatgtg
290-806
PR1
cttctggactctggccc
For the cloning of 3’ end RACE and 5’ end RACE
P3RACE-1
gtttcacacacccttcagtcag
766-1582
P3RACE-2
ggagtagagaagatggctaaagaat 599-1582
P5RACE-1
gggtctggaagccctttgtg
1-389
P5RACE-2
tgacagaatcgtctttgccagc
1-521
Primers used for quantitative real-time PCR
P-QF
acatcaccaccatccgactc
411-700
P-QR
cggtccgtttatgactccaatc
actinF
tcccctcaatcccaaagcc
actinR
ggagtccatcacgataccagt

Product(bp)
517
817
984
389
521
290
121

2.4. Sequence and Phylogenetic analysis of Oma-ACBP
Similarity analysis was performed by Primer Premier 5.0(Premier Biosoft International, Palo Alto, CA).
The deduced amino acid sequence was obtained by using the tool of Open Reading Frame Finder(ORF
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Finder, http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Sequence assembly was performed using a DNAman
software(Lynnon Biosoft, US). The Molecular Evolution Genetics Analysis(MEGA) version 4.0 and
ClustalW2 were used to construct a phylogenetic tree using the neighbor-joining method. The isoelectric
point(pI) and molecular weight(MW) of protein were performed by ExPASy PeptideMass(http://us.expasy.
org/tools/peptide-mass.html).

2.5. Quantitative real-time PCR(qRT-PCR) analysis of Oma-ACBP
First-strand cDNA was performed using PrimeScript®RT Enzyme(Takara, Dalian, China). Quantitative
real-time PCR(qRT-PCR) was performed using Oma-ACBP realtime primers PQF and PQR and β-actin gene
realtime primers actinF and actinR(Table.1)by Funglyn FTC-3000 cycler(Funglyn Biotech, Toronto,
Canada). The total 20 μl reaction system, mainly consisted of 10 μl 2×SYBR Premix Ex Taq(Takara, Dalian,
China), 2 ul cDNA, 0.8 μl each of 10 μM forward and reverse primer, 0.4 μl ROX and 6 μl DNase-RNase
free water. The real-time PCR program was 95 °C for 5s, followed by 45cycles of 95 °C for 5s, 60 °C for 34s.
Dissociation melting curves analysis of amplification products was performed at the end of each PCR
reaction to confirm that only one PCR product was amplified and detected. The relative quantification
between ACBP and β-actin transcript were calculated using the comparative CT method.

3.

Results

3.1. Cloning of the Oma-ACBP
Through RT-PCR and RACE methods, one ACBP was cloned from Onychostoma macrolepis. The full
length Oma-ACBP cDNA(GenBank accession number: JN634871), which was 1582 bp in length, contained
an open reading frame(ORF) of 1071 bp encoding a 357 amino acid polypeptide along with a 76bp 5’UTR(5’-Untranslated Regions) and 432bp 3’-UTR with the polyA tail. Theoretical molecular weight of
Oma-ACBP was 39.2 kDa and isoelectric point was 6.78. Multiple sequence alignment based on the deduced
Oma-ACBP proteins of Danio rerio, Cyprinus carpio, Salmo salar and other five species showed that the
Oma-ACBP had significant sequence similarity across fishes and had similarities with other species(Table 2,
Fig.1).
Phylogenetic analysis of the identified ACBP family protein sequences from fishes and vertebrates
indicated that Oma-ACBP had high homology with fishes, the sequence shared 93% identity with Cyprinus
carpio, 90% sequenced identity with Danio rerio, and 80% with Salmo salar. One group consisted of Fish
ACBP(Danio rerio, Cyprinus carpio and Salmo salar), mammal ACBP(Mus musculus, Bos Taurus, Homo
sapiens, Ornithorhynchus anatinus), which was consistent with the result of sequence alignment analysis,
however, the relationship between fishes and vertebrates was more distant(Fig.2).
Table.2 Protein similarities of Oma-ACBP with other species(BLASTX).
Species

Score

Danio rerio
Cyprinus carpio
Salmo salar
Gallus gallus
Xenopus laevis
Meleagris gallopavo
Anolis carolinensis
Bos taurus

544
538
520
415
412
411
409
405

Expected
value
0
0
0
2e-139
7e-139
1e-138
5e-138
9e-136

Identities
(%)
90%
93%
80%
65%
68%
66%
66%
62%

Positives
(%)
96%
94%
90%
80%
82%
81%
81%
76%

GenBank No.
AAH76531
AAC19408
ACN11335
XP418965
AAI06605
XP003204816
XP003223610
NP001029414

3.2. qRT-PCR analysis of Oma-ACBP expression
The expression in tissues was demonstrated that Oma-ACBP was detected in gonad, ovary, liver, heart,
brain, cheek, intestine, muscle, eye, spleen, Oma-ACBP was mainly detected in ovary(p<0.05, Fig.3). To
detect the expression levels of Oma-ACBP during diet and starvation challenge in tissues, we performed a
general overview on the expression pattern of Oma-ACBP in the whole challenge stages. In diet
challenge(dietary protein content of 32%, 42% and 52%), the Oma-ACBP transcripts showed a reduction
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from group 32% to 42% in spleen and intestine, a very steep growth from group 42% to 52% in spleen(Fig.4).
The observation suggested that the expression of Oma-ACBP exhibited much stronger in spleen than
instestine. In this study, we chose the Tubifex as the diet control group for determination of the gene
expression. The expression of Oma-ACBP was detected post starvation challenge, the expression was highly
expressed at 2-day, 5-day and 9-day, the expression was gradually increased from 3-day to 5-day, and was
decreased from 5-day to 8-day(Fig.5).

Fig. 1: Multiple protein alignments of ACBP with other species, fully conserved residues are showed with ‘*’.

Fig. 2: Phylogenetic analysis of Oma-ACBP with other known sequences of ACBPs from GenBank. NJ tree was
produced with MEGA4.0 and ClustalW2.

Relative expression of Oma-ACBP

250

200

150

100

50

0
testis

ovary

liver

heart

brain

cheek
tissues

15

intestine

muscle

eye

spleen

Fig. 3: Quantitative real-time PCR analysis of Oma-ACBP expression in Tissues. The β-actin gene is applied as internal
standard control. Data represent the means±SEM(n=3).
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Fig. 4: Quantitative real-time PCR analysis of Oma-ACBP expression after diet challenge which different level of
dietary protein(32%, 42% and 52%, Tubifex as the control group)
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Fig. 5: Quantitative real-time PCR analysis of Oma-ACBP expression post starvation challenge from 0-day to 14-day.

4.

Results Discussion

ACBP family proteins are evolutionary highly conserved acyl-CoA esters-bound proteins that are
involved in lipid metabolism, transport acyl-CoA, fatty acid biosynthesis and showed antibacterial activity[6,
7, 21]. In order to clarify the mechanism of ACBP in Onychostoma macrolepis, we cloned Oma-ACBP full
lengh cDNA, and analyzed its expression patterns in diet and starvation challenge. In the present study, we
isolated and characterized member of the Acyl-CoA binding protein(ACBP), from Onychostoma macrolepis
for the first time, the Oma-ACBP cDNA encodes a protein of 357 amino acids that show 80–90% identities
with known ACBPs reported previously in fishes, the theoretical molecular weight was 39.2 kDa and
isoelectric point was 6.78. Phylogenetic inference indicates that Oma-ACBP is phylogenetically closer to
those of Cyprinus carpio, Danio rerio and Salmo salar, suggesting that ACBP is conserved in fish evolution
and may have common functions in different species.
Quantitative real-time PCR analysis showed that Oma-ACBP was expressed in all tissues we tested and
predominantly expressed in ovary. In Helicoverpa armigera, Northern and Western blot analyses of various
tissues demonstrated that ACBP was highly expressed in the midgut and not detected in the epidermis, headthorax, and hemocytes[22]. In Strongylocentrotus internedius, ACBP was highly expressed in gonads, but
weakly expressed in muscles, coelomic fluid and tube feet[20]. Given these results, we presumed that OmaACBP might be ubiquitously expressed in all tissues, the tissue specific regulation of Oma-ACBP expression
leads to the hypothesis that Oma-ACBP may have different functions in tissues.
In rats, feeding of a high-fat diet for 48 hours caused ACBP levels to increase[23]. In Atlantic cod, the
effect of two different diets(fish meal, FM; dehulled and extracted soybean meal, SBM) on gene expression
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in the intestine was studied, expression of four genes were significantly up regulated in intestine of cod fed
SBM compared to cod fed FM[24]. In regulation of lipid metabolism, ACBP can act as transport acyl-CoA
of long chain esters[25]. In Strongylocentrotus internedius, ACBP was highly expressed in gonads of female
sea urchins but weakly expressed in gonads of male urchins feeding Ulva pertusavar[20]. In rainbow trout,
the ACBP expressinon changes in muscle and liver between domesticated species and wild species, the
ACBP of domesticated fish predominantly for the regulation and control[26]. In this study, the diet
challenge(die at the protein content of 32%, 42% and 52%) was set up, we chose the Tubifex as the diet
control group for determination of the gene expression, the Oma-ACBP transcripts showed a reduction from
group 32% to 42% in spleen and intestine, a steep growth from group 42% to 52% in spleen. The observation
suggested that the expression of Oma-ACBP exhibited much stronger in spleen than instestine.
In Strongylocentrotus internedius, the gene expression in gonads female urchins was weak after 2-day
starvation, turned to high after 4-day starvation, and kept high from 13-day to 30-day starvation[20]. Another
study led to the identification of novel genes and proteins that responded to long term feeding with a high
energy/high fat diet[27]. In the present study, the relationship of Oma-ACBP expression with different
conditions in metabolism implies its importance for cellular function, Oma-ACBP might be expected to play
a irreplaceable role in lipid and energy metabolism.
In conclusion, this study characterized the ACBP(GenBank accession number: JN634871) gene from
Onychostoma macrolepis, the Oma-ACBP expressed in various tissues, and distinct expression pattern appeared in diet and starvation challenge. Thus, the Oma-ACBP should have a physiological and biochemical
functions in energy metabolism, and might be expected play roles in activating the transcription of genes of
the lipid and glucose metabolism.
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