Electronic Journal of Biotechnology 17 (2014) 251-261

Contents lists available at ScienceDirect |

PONTIICIA UNVERSIDND
CATOLICA
DE VALPARAISO

Electronic Journal of Biotechnology -

Cloning, characterization and expression of Peking duck fatty acid
synthase during adipocyte differentiation

@ CrossMark

Fang Ding, Xin Yuan, Qingqing Li, Wengiang Sun, Chao Gan, Hua He, Chenling Song, Jiwen Wang *

Institute of Animal Genetics and Breeding, College of Animal Science and Technology, Sichuan Agricultural University, Wenjiang, Sichuan 611130, PR China

ARTICLE INFO ABSTRACT

Article history: Background: Fatty acid synthase (FAS) is a key enzyme of de novo lipogenesis (DNL), which has been cloned from
Received 23 April 2014 several species: Gallus gallus, Mus musculus, Homo sapiens, but not from Anas platyrhynchos. The current study
Accepted 30 June 2014 was conducted to obtain the full-length coding sequence of Peking duck FAS and investigate its expression

Available online 6 September 2014 during adipocyte differentiation.

Results: We have isolated a 7654 bp fragment from Peking duck adipocytes that corresponds to the FAS gene. The
Keyw, Or‘,js; cloned fragment contains an open reading frame of 7545 bp, encodes a 2515 amino acid protein, and displays
Expression pattern . . . . . . .
FAS high nucleotide and amino acid homology to avian FAS orthologs. Twelve hour treatment of oleic acid
significantly up-regulated the expression of FAS in duck preadipocytes (P < 0.05). However, 1000 uM
treatment of oleic acid exhibited lipotoxic effect on cell viability (P < 0.05). In addition, during the first 24 h of
duck adipocyte differentiation FAS was induced; however, after 24 h its expression level declined (P < 0.05).
Conclusion: We have successfully cloned and characterized Peking duck FAS. FAS was induced during adipocyte
differentiation and by oleic acid treatment. These findings suggest that Peking duck FAS plays a similar role to
mammalian FAS during adipocyte differentiation.
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1. Introduction

Fatty acid synthase (FAS, EC 2.3.1.85) is a key multifunctional
enzyme that catalyzes the synthesis of saturated long-chain fatty acids,
predominately palmitate, by using malonyl-CoA as a two-carbon donor
[1]. It has been determined that FAS consists of two identical subunits,
each of which contains seven unique functional domains: B-ketoacyl
synthase (KS), malonyl/acetyl transferase (MAT), dehydratase (DH), enoyl
reductase (ER), B-ketoacyl reductase (KR), acyl carrier protein (ACP), and
the thioesterase (TE) [2]. Among them the TE domain of FAS plays an
essential role in determining the final chain length of the product [3].

As FAS is critical to the synthesis of fatty acids, it is highly expressed in
lipogenic tissues such as the liver, adipose tissue and lactating mammary
glands [4]. In both rodents and mammals, there is a positive correlation
between FAS mRNA expression level and body fat content [5,6,7].
Moreover, inhibition of FAS reduces food intake and facilitates weight lose
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[8]. Therefore, FAS would be a reasonable therapeutic target for the
treatment of obesity [5,9]. In chicken, FAS mRNA levels are strongly
correlated with hepatic fat content [10]. Due to the low capacity of
adipose tissue DNL in avian species, there is little information regarding
the roles of FAS in adipocyte differentiation. However, down-regulation
of FAS in 3T3L1 cells, either with inhibitors or by RNA interference,
leads to decreased lipid droplet accumulation, demonstrating FAS plays
a key role in adipocyte differentiation [11,12]. To date, it is unclear
whether FAS can play a similar role in duck adipocyte differentiation.

In avian species, the addition of fatty acids (mainly oleic acid) is needed
to supplement the hormonal cocktail containing dexamethasone (DEX),
insulin, and 3-isobutyl-1-methylxanthine (IBMX) to induce adipocyte
differentiation in cell culture [13]. Compelling evidence, from studies
conducted in chicken and mouse, has shown that oleic acid can
significantly stimulate the expression of several marker genes related to
adipocyte differentiation, such as FAS, adipocyte fatty acid-binding
protein-4 (FABP4), and peroxisome proliferator-activated receptor-y
(PPARY) [14,15]. Moreover, it has been identified that oleic acid by itself
can also promote adipogenesis [15,16,17]. However, it is unknown
whether oleic acid can play a similar role in duck adipocyte
differentiation by stimulating adipocyte-related gene expression.

Until now, the FAS gene has been successfully cloned from several
species, such as rat, chicken, pig, sheep, and human, but not duck
[18,19,20]. In the current study, we cloned the full-length coding
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sequence of duck FAS gene and detected the expression level of FAS in
duck preadipocytes exposed to oleic acid. Furthermore, the expression
level of FAS during duck adipocyte differentiation was investigated.
This work will have the potential to increase our understanding of the
functional roles of FAS during duck adipocyte differentiation.

2. Materials and methods
2.1. Duck preadipocytes isolation and culture

Duck preadipocytes were isolated from Peking duck 1 week after
hatching as previously described [13]. Briefly, Peking ducks were
rapidly decapitated and subcutaneous adipose tissue was sterilely
dissected from the leg. Then the adipose tissue was minced into fine
sections using scissors and incubated in digestion buffer (PBS (-), 4%
BSA (Gibco, USA), 0.1% collagenase type I (Gibco, USA)) at 37°C in
a shaking water bath for 40-60 min. Growth medium (Dulbecco's
modified Eagle's Medium/nutrient mixture F12 Ham's (V/V, 1:1;
Gibco, USA), 10% fetal calf serum (Gibco, USA), 100 U/mL penicillin
and 100 pg/mL streptomycin (Gibco, USA) were used to end the
digestion. The resulting mixture was filtered through 20 pum nylon
screens to remove undigested tissue and large cell aggregates. These
filtered cells were then centrifuged at 300 x g for 10 min at room
temperature to separate floating adipocytes from the stromal-vascular
cells. The preadipocytes were seeded at a density of 1 x 104 cells/cm?
and cultured in a humidified atmosphere of 5% CO, and 95% air at
37°C. After the cells reached full confluence, oleic acid was added in
the medium to induce preadipocyte differentiation. During this time,
the FAS expression and the cell viability were measured.

2.2. Cloning the full-length coding sequence of FAS

Based on the FAS sequences of Gallus gallus (NM_205155.2),
Meleagris gallopavo (XM_003211461.1), and Anser cygnoides
(EU770327.1) deposited in the GenBank database, we designed and
selected 11 pairs of gene-specific primers (namely FAS-P1 to FAS-P11)
using DNAMAN 7.0, Primer Premier 5.0, and Oligo 7.0 software.
PCR protocols are available upon request. The amplified products
were verified by 1.5% agarose gel electrophoresis and purified with
a gel extraction kit (Omega, USA). The purified products were then
ligated into the pMD-19T vector (Biomed, China) and sequenced
by Invitrogen Corporation (Applied Invitrogen, China). The primer
sequences and PCR product lengths are listed in Table 1.

Table 1
Primer sequences used in the current study.

Primer ID Forward primer Reverse primer Product size

(5'-3") (5'-3') (bp)
FAS-P1 CCGCCTACGCAGTAACAG CTCACATTGGCAGAAGAC 980
FAS-P2 CAGCGGCAGTTGGTCAGT ~ ATCGCCCTCGCCAATAAG 1018
FAS-P3 AGATGAGGCTTTGAAGAACA  TGAACGAGGTTTAGGGTGT 559
FAS-P4 TACCAGCCTGCCACAACT TTCCCATTCCCTGACACT 940
FAS-P5 TACCTTGTGCTGGCTTGG CCTGTGACTGGTCATGTT 1062
FAS-P6 CTCCCACCCTGGAAAAAT AGACAGTTCACCATGCCC 1053
FAS-P7 ATCCCCTGCCAAAACACC AGTTTGCGGTGTCTTGCTC 1068
FAS-P8 AAGCAGCCATTGCCATTG CAAGCCCAAATCCTCCTA 651
FAS-P9 ATGGTGTGGTAAAGCCCC ~ TTGATTGTAAGAAGTCGG 1093
FAS-P10  TTCGGGCACCCTTCATCT GCTGGGAGCACATTTCAA 958
FAS-P11  GAGTCTGGCATCCTATTA GAAGAGTTCCTTGGGGTC 765
RT-FAS TGGGAGTAACACTGATGGC ~ TCCAGGCTTGATACCACA 109
B-Actin CAACGAGCGGTTCAGGTGT ~ TGGAGTTGAAGGTGGTCTCG 92

Note: FAS-P1 to FAS-P11: Primers for gene cloning. RT-FAS: Primer for qRT-PCR. 3-actin:
Reference gene for data normalization.

2.3. RNA extraction and cDNA synthesis

Total RNA was extracted from the cultured cells at different
differentiation stages using Trizol reagent (Invitrogen, USA)
according to the manufacturer's instructions and quantified by
spectrophotometric absorbance at 260 nm. First stand cDNA
was synthesized from 10 pg of total RNA using a cDNA synthesis
kit (TaKaRa, Japan). The newly synthesized cDNA product was
immediately stored at -20°C for further study.

24. Cell viability assay

Duck preadipocytes were seeded on 96-well plates and treated
with different concentrations of oleic acid for 24 h. Cell viability was
determined using a commercial Cell Counting Kit-8 (CCK-8, Beijing
Zomanbio biotechnology, China) as previously described [21]. 10 pL
of CCK-8 reagent was added to each well and incubated at 37°C for
2-4 h until the media became yellow. Absorbance was measured at
wavelength of 450 nm using a microplate reader.

2.5. Gene expression measurements

Quantitative real-time PCR (qRT-PCR) analysis was conducted by
using SYBR PrimerScript™ RT-PCR kit (TaKaRa, Japan) in the CFX96™
Real-Time System (Bio-Rad, USA). The PCR was carried out in a 25 pL
reaction volume, including 2.0 puL cDNA, 12.5 pL of SYBR Premix EX
Taq, 8.5 pL of sterile water, and 1.0 pL of each gene-specific primer.
The calibrator-normalized relative quantification method using the
2722T method was employed [22]. To normalize the target genes in
similar cDNA samples, 3-actin was selected as the reference gene. All
reactions were completed in triplicate, and the data represents the
mean of three independent experiments. The specific primers used are
listed in Table 1.

2.6. Bioinformatics analysis

BLAST from NCBI was used to determine the similarity between
nucleotide and protein sequences. Multiple alignments of the FAS
sequences were conducted with the ClustalX multiple alignment
software. MEGA 5.0 was used to generate the phylogenetic tree by
the Neighbor-Joining (N]) method based on the sequence of duck FAS
and other known FAS sequences. The protein motif sequences and
conserved domains were analyzed using NCBI CD-search tool in
combination with SMART and PROSITE software.

2.7. Statistical analysis

Results are presented as the mean 4= SD. The data were subjected to
ANOVA testing, and the means were assessed for significance by Tukey's
test using SPSS (version 17). P values less than 0.05 were considered
significant in all statistical analysis.

3. Results
3.1. Cloning and sequence analysis of FAS from Peking duck

By sequencing and assembling the data, a 7654 bp mRNA of duck
FAS was isolated by RT-PCR, which has been submitted to GenBank
database with the accession number KF185112. The full-length coding
sequence of duck FAS consists of 7545 nucleotides which encodes
a 2525 amino acid protein with an estimated molecular mass of
275.0667 kDa and a theoretical isoelectric point of 6.07. The cloned
FAS sequence is highly similar to turkey FAS, with 92% and 91%
similarity at the nucleotide level and amino acid level, respectively
(Table 2).
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Table 2
Homology of duck FAS with other species.

Species (Latin name) Nucleotide (%) Amino acid (%)

Duck (Anas platyrnchos) 99 99
Turkey (Meleagris gallopavo) 92 91
Chicken (Gallus gallus) 91 90
Pigeon (Columba livia) 90 89
Green anole (Anolis carolinensis) 76 77
Mouse (Mus musculus) 69 65
Goat (Capra hircus) 68 65
Human (Homo sapiens) 66 65
Pig (Sus scrofa) 66 64
Chimpanzee (Pan troglodytes) 65 64

3.2. Phylogenetic analysis and alignment

A condensed phylogenetic tree was constructed based on the amino
acid sequences of duck FAS and other organisms (Fig. 1). The overall
topology of the tree showed that the duck FAS was most similar to
those of the other avian species and also had a high similarity to FAS
sequences of other organisms, especially Anolis carolinensis.

As indicated in Fig. 2a, multiple sequence alignment of duck FAS
with other known FAS amino acid sequences revealed that they were
highly conserved among different species, especially in the regions of
FAS family signatures such as the KS domain, TE domain, and the ACP
domain. The deduced FAS amino acid sequences were identified
to have seven main functional domains by using SMART and NCBI
CD-search software. Meanwhile, in the linear domain map of duck FAS
(Fig. 2b), it could be seen that there were seven functional domains
corresponding to KS (1-239, 243-360), AT (492-809), DH (865-1060),
ER (1543-1859), KR (1890-2070), ACP (2129-2196), and TE
(2245-2504).

3.3. Effect of different concentrations of oleic acid on duck FAS mRNA
expression and cell viability

To investigate the effect of oleic acid on FAS gene expression and cell
viability, duck preadipocytes were treated with different concentrations
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of oleic acid for 12 h. As shown in Fig. 3, duck FAS mRNA expression
level was up-regulated with increasing concentrations of oleic acid
compared to the control group (P < 0.05). However, FAS expression
level decreased by treating the cells with 1000 pM oleic acid
(P < 0.05). Meanwhile, it is shown in Fig. 4 that incubation of duck
preadipocytes with growing concentrations of oleic acid led to a
significant increase of cell viability (P < 0.05). However, a high
concentration of oleic acid (1000 uM) exhibited a lipotoxic effect by
significantly reducing the cell viability (P < 0.05).

3.4. Expression of FAS mRNA during duck adipocyte differentiation

Duck preadipocytes were induced to differentiate by the addition
of 300 uM oleic acid and expression of FAS mRNA during adipogenesis
was established. Results showed that duck preadipocytes began to
differentiate at 12 h when treated with 300 UM oleic acid (Fig. 5a-d).
After 48 h of oleic acid treatment, most preadipocytes differentiated
into mature adipocytes containing multiple lipid droplets (Fig. 5e).

As shown in Fig. 6, expression level of FAS mRNA gradually increased
for 24 h when treated with oleic acid (P < 0.05). However, expression
level of FAS surprisingly decreased to a lower level after 24 h. There is
a slight increase of FAS expression during 36-48 h post-oleic acid
treatment (P < 0.05).

4. Discussion

Little is known about the role of FAS in duck. This study is the first to
report the structures, expression, and possible functions of FAS during
duck adipogenesis. Currently, we obtained the full-length coding
sequence of duck FAS, which consists of 7515 nucleotides and encodes
a 2505 amino acid protein. BLAST analysis revealed that the deduced
amino acid sequence of FAS shared high identity with other known
FAS sequences (65-92% identity in all the matches), especially with
the G. gallus and M. gallopavo sequences. Based on the deduced amino
acid sequence, we found that duck FAS, consistent with early reports
[2,23], contained seven functional domains. The order of these
functional domains is as follows: KS, MAT, DH, ER, KR, ACP, and TE.
This gene has a molecular mass of 275.0667 kDa and a theoretical
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Fig. 1. A phylogenetic tree of fatty acid synthase family members constructed using the neighbor-joining method. Numbers at each branch indicate the percentage of times a node was
supported in 1000 bootstrap pseudoreplications by neighbor joining. The species names and the Genbank accession numbers of FAS are as follows: Gallus gallus, NP_990486; Homo
sapiens, AAA73576; Mus musculus, NP_032014; Pan troglodytes, XP_511758; Bos taurus, XP_005221054; Sus scrofa, NP_001093400; Danio rerio, XP_001923643; Rattus norvegicus,
NP_059028; Columba livia, EMC83573; Chelonia mydas, EMP32461; and Anolis carolinensis, XP_003217337.
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Fig. 2. (a) Multiple alignments of the deduced amino acid sequences of duck FAS with other species. The sequences were compared by ClustalX Multiple Sequence Alignment Program
software. The numbers shown indicate the residue positions. Asterisks denote completely conserved residues; dashes indicate gaps introduced into the sequences to optimize the
alignment, colons indicate conservative substitutions, and points indicate non-conservative substitutions. The species names and the GenBank accession numbers of FAS are as follows:
Gallus gallus, NP_990486; Homo sapiens, AAA73576; Mus musculus, NP_032014; Pan troglodytes, XP_511758; Bos taurus, XP_005221054; Sus scrofa, NP_001093400; Danio rerio,
XP_001923643; Rattus norvegicus, NP_059028; Columba livia, EMC83573; Chelonia mydas, EMP32461; and Anolis carolinensis, XP_003217337. (b) Linear domain map of duck FAS. The
number of residues in each domain was indicated above the map. The specific locations of each domain were shown below. KS-N: 3-ketoacyl synthase, N-terminal domain; KS-C:
3-ketoacyl synthase, C-terminal domain; AT: Acyl transferase domain; DH: Dehydratase domain; ER: Enoyl reductase domain; KR: 3-ketoacyl reductase domain; ACP: Acyl carrier

protein; TE: Thioesterase domain.
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KS-C domam
IEQEVHGLADYFCACEREPLLIGSTKSNUGHPEPASGLAALAKVYLSLENGLEAPNLHFS| 360
RV NI YNV CACEREF LGS TR UGHR E P ASGLAAL ARV LS LERGLEAPNLIF!
DPOEVRGIVIVECACEREP LLIGS TR MIGHP EPASCLAALARVILSLENGLI AP
TP BV N ANTFC LB REPLLIGSTREMIGHR EPASGLALARVI LS LEHGLRAPNTHY|
PQEVNGIVSVFCOSDRPPLLIGSTRSMUGHY EPAAGLAALAKVYLSLEHGLE AL NLITY
P EYNGLYSYFCQS P RDPLLIGSTHS MUGHP EPASGLARLAKYVLS LEHGYRAPNVHE!
PR ELHGITRE L AR RSP LI GS TR MUGHR EPASGLAALTEVLLSLENGYRAFNLHF!
DPQELHGITRSLC AR AP LLIGSTHSMIGHE EPASGLAALTRVLLSLENGYR ABYLKF
PGB LN TRALCATROEPLLI GSTHSMIGHE EPASGLAALARYLLS LEGL APNLHF
DPQELK G TRALCATRQEPLLIGSTESMIGHY EPASGLAALARVLLSLENGLY APYLY
PG VAL T RSP LRGSR R GHP EPASCLAALARVLLSLEHCLE AP NLKF)
P ELHGTVNALC AT RREPLLIGS TR UGHPEPASGY RALTEVLLSLENGYRAPNLHI|
RLLLN S T R NN R IR NN IR
PRLVQVOGRTORAVETLIQRSKEQRCCGPFLRLLTDISATRVSLNPYRGYTLYGTRSDIG 479
PRLYAVOGRTGEAVETLIEESREHGGC S PLOLLSOISAVEVSSHETRGT TLVGTESDIT 479
FRLYAICGRTQEAVET LIKEGRIHGGCS FYSLLIDISTVEVSSHEYRGY TLYGTESIIY 479
POLYRYCGRTQEAVENLIEQSRSLREY SaFVSLLITSGIETSSHEYRGY TLIGROSIIK 463
PRLYAFCGRTQEAVET LIEHSKRHAENT TRLSRLIDISGIEVSSHEYRGYTLIGSENTVE 479
PRLLQASGRTEEAVTALFSHARQHOENSSYLSLLIDVEGVE TAGHFTRGITLIGARGELT 480
PHLLHASGRTMEAVGCLLEOCROHSADLARVERLIDIAATETAMNPERGYTVLGYEGHYY 480
PHLLKASGRTLEAVAOLLEQGRAHSYILARYSLIDTAAT TAANEFRGTTVLAVEGRYY 460
PRLLRASGRTPEAVRKLLEQGLRHSADLATLSRLNDTAAVE ATANPFRGY AVLAGERGGP 460
FRLLRASGRTPEAVQKLLEQCLRHEANLAFLSRLITTARVE ATANPTRGY AVLAGEHGGD 463
PRLLRASGRTLEGVRGLLEL AL S AN APYSRLITAAP ST AN FRGT AVLISSR555) 480
PRLLAASGRTLEAVATLLEQGLRHERILAFVRLIETARVSE VANPFRGT AVLAGEAGSD 460
kokrc kR ok K == NN

i RIS DO - X
Auyltransferase domain

ADDRTFDETVRFVGYARVITAQTONLKAAGLAP DGILGHSVGEVACGY ADNSLSHEEAT
ADENTEDDTVEAR VELARIQLAQLDVLEARGLAE DGILGHS VGELACGL ADMSLSHEEAY
ADENTFDDT VKA VL ARIQT AT DN LEARGLAF DGTLGHS VGELACGY ADMSLSHEEAT
ADENTREDAVAFVGLAATQTAQTONLKANDLAP DGTVGHSVGELACGY ADNSLSHEEAT
ADENTENETVIAF VGLAATQTAQYDLLKAVGLAPDGIIGHSVGELACGE ADNSLSHEEAT
ADESTREDTVHAF VGLATQVAQLDNLRKNGLER NGT VGHSYGELACGY ADGSLSHSEAT
DT ROV FYSLTATQT ALTDLLTSHOLK DGTIGHSLOEYACGY ADGCLSQREAY
TOERTFDDTVHAFVSLTATQTALTDLLTSVGLER DGITGHSLGEVACGYADGCLSQRERY
TOESTRDDIVHSFVSLTAIQIGLIDLLSCHGLRR DGTVGHSLGEVACGYADGCLSQEEAY
TDBS TR VSR VSLTAIQIGLIDLLSCHGLRF DGTVGHSLGEVACGEADGCLEQREAY
TOEATFDDHVISFVSLTATQTALTDLLTSHGLAPDGIIGHSLGEVACGYADGLTSQREAT
TOERVLDDIVSSEVSLTSTQTALIDLLTSLALAPDGIIGHSLGEVACGL ADGCLTQEEAY

R AANE T TR T - ¥ | (RSN R

DASFRGVHPRQANTHDPQLRLLLEVSYEATLDGGI NPATLRGTOTGVRVGASGSEAREAF| 120
DASFEGVHEQANTHDPQLRLLIEVSYEATLDGGT NP TALRGTOTGVEVGASGSEAAEAL) 120
DASFEGVHE KQAHTHDPQLRLLLEVSYEATLDGGI KPAALRGTOTGYRVGASAREAGEAL) 120
DASFRGYHERQATHDPQLRLLLEASYEATLDG—-------—---— GUSGSERGEAF) 104
DASFPGYNE KA ATUDPOLRLLLEVSYEATLDGGINPTATRGTETGYRTGVSGSEAGEAL) 120
DAAFFGYHE RQAHTHDPQLRLMLE T SYEATYDGGINPVEMRGSKTGYYIGVSGSEAGEAF| 120
DASEFGYIEKQANTUDPQLRLLLEVSYEATVDGGINPASLRGTNTGVEVGVSGSEASEAL) 120
DASFEGYHE KAANTUDEQLRLLLEVSYEATVDGGINP ASLRGTHTONE VGVSGSEASEAL) 120
DASFEGYHE K ATUDFALRLLLEVTYEATVDGGI NP DSLRGTHTGVRVGVSGSETSEAL) 120
DASFRGYHERQAHTHDPQLRLLLEVTVEATVOGCINPDSLRGTHTGVRVGHSGSETSEAL) 120
DASFRGYNE KA NOMDPOLRLLLEVTVEATVDAGINPASTRGTHTGYVGVSGSEASEAL) 120
DASFFGYHSKRANTHDPQLRNLLEVTYEATYDGGINPASLRGTSTGVRVGYSSSDASEAL] 120

599
9
593
583
569
600
600
600
600
583
600
600
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Aoyl transferase domain

A platyrhynehos LAXI FEGRCVEE AKLEPGGUARYGLTREECKQRCERNVVEACKNSEDTVIISGELDSVIE| 658 ) platyrhymchos FYAKLKHDGYFARE VRS AGYAF HS Y IMASTAPALLS ALRKVI PP KPRSARKISTSIPES| 719
6. gallus LAALREGRCVEEAKLRPGRIAVGLTHEECKARCEE XVVE ACKNSEDTVIVEGELDSYSE| 658 6, gallus PVTKLKKDGYPARE VRS AGYAFHSY TMASTAPALLS ALKEVIPHPRPRSKRRISTSIPES| T19
C livia LANYRRGRCVEEAKLE PGUARYGLIHERCKARCEEWVYEACKNSEDTVIVSGRLDSYNE) 658 (. livia PV ARLKEDGYPAREVRSAGYAFHSY INASTAPALLSALKKVIFHPRFRSARRTSTSIEES) T19
C mydas LAAYRRGRCTREAKLEPGGUAAVGLTEECKRRCFRGVWEACKNSEDTVIVEGPQDYYNE| 643 C.nydas FYARLKREGVFAREVRSAGY AFHSY IMASTAPVLLIALQXVIPYAKPRSARRTSTSIPES) 103
A carolinensis LARYFRGRCVEEAKLETGUARVGHTNEECKLECFRGYVEACKNSEDTVTISGPQNLYSQ( 859 & earolinensis FYSKLKABGIFAREVLS AGVAFHSCMASTAPVLLS ALQKVIFSPRFRSPRRISTSIPES| TI8
D.rerio LAAY HRGRCTKEANLEPGOUANVGLTHEECKAQCPQGYVEACKIAEDTVTISGPQDSYSK 660 D, revio FVAQLESGVFAREVRSAGVAF HSTIMASTAPALLS ALQRVIKSFRPRTARRISTSIPQS) 20
R norvegicus LAALFEGACTKDANLE AGSMARVGLSHEECKARCEPGVWE ACKNSEDTVIISGPQAAYNE( 660 K. norvegicus FVEQLKQEGYFAREVRTGGLAFHSY FNEGTAF TLLAALKKVIREPRPRSARRLSTSIPEA) 720
I museulus LARL FRGACTEDAHLERGSNARYGLSREECKARCEAGYVEACHNSEDTVIISGPQRAVIE| 660 I, musenlus FYRLKAEGYFAREVRTGGLAFHSY MEGIAF TLLAALKKVIREF RERSARRLSTSIEER) 120
H sapiens LAAYRRGACTREAHLEPGANAAVGLREECRORCRRGYWRACKISKDTVTISGPOAFVFE( 680 Y. sapiens FVEQLRKEGVFAREVRTGMIAFHSY FNEATAPPLLAELIGVIREPKPRSARRLSTSIERA) 720
P troglodytes LAXIFRGACTREAHLEPGRMARYGLSREECKARCPRGYVEACKNSKITVTISGRGARVEE| 643 P, troglodytes FVEQLRKEGVPAREVRTGGUAFHSY FMEATAFPLLAELKEVIREPKFRSRRRLSTSIPED( T03
B tawrus LSAIWRGACTKEANTPGANAAYGLTHEECKARCPTGIVPACKNCIDTVIISGEQASULE( 650 B, tawrus VLR EGYF AREVRTGGUAF ST FMDAT AP ULLAQLEXVIREPQPRSPRELSTSIPET| 120
S serofn LSSLRRGICTHEAVLIGAMARYGLSYEECKARCPRGIVEACHISKOTVTISGPQAAMEE| 860 5. scrofa FLAQLKREDVYPVREVRTGGTAPHSYFWESTAP TLLRQLEXVILDPKPRSKRRLSTSIPEA| T20
LR SN LN Lt N L L L LU I LS S 1 .LE.H_!_HM.!_LM_EI_H_ELMJ

Ayl transferase domain

Acyl transferase domain
A platyrhynchos  [QIGSDLARNSSABTYVNLYSEVLENEGLOCPENAVVVETAPOLLOATLABSLIgscT) 17g M atyrhomchos - ILPLIRKOQRANEFELIGIGKIILTGLIVEETSVEIPVIGIFLISFIIINIRSY 358
&l pasemppiypmntiabrimpamoiangmpinprpseryapeiod g PRI TLPLSHOLEFFLIGIGILTGTIVALEEEVEIPYPYGTELISPYIENDS) €29
 Livia OSLARISS BNV ECLOTE PR IALLOALLRRTRZTCH 77 Livie TLPLAEHOLEFTLIGIGKIILTGLIVLAALEEEVELPYPYGTELISPYIENDS] €39
C.aydes OB LA S AR VLY VLB LRIVR DAY YVETABKALLATLRRSLKPTCT) 763 C- ydss ([LFLMKREHKANLEFFLTHVGKT Y LTGINVLSHIVER TVEY PAPVGTELISFYILRDNS] 823
i eavolinenals HOTE LA S S AR VL YSPVLEQRGLRIT PENAYVVE AP ALLQATLRRALKBTCT) 779 A earolinensis TLFLAKREHKANLEFFLTHYGKTHTGI PRVEYPARNGTEFISPYILADKSY 839
D.rerie DB LALYSSAR VL YS VLR CLINYPDNAYYVET APKALLOAT LIRS LIFTCS] 780 D.rerio (L LR HAN L PR LS KV GRVY NG VIS ELY PAVEY PYPRGTELISPYIORDKSY 840
B, norvegicus HOSSLARTSSARHVANLYSEVLEQEALRKVPEHAVVLETARALLOAVLKRGVKESCT| 750 R novvegicus ([T PLAKRDKKONLEFFLTNLGKVHLTGIDINE MALFEPVEFPVERGTELISPHIKRDNS] 840
U, auseulus OGS LARTSSAR VALY YL FQEAL AT PEAYL ELABKALLOAVLIG VRS 760 . museulus IPLAKRININLEFELTHLGHVMLTGLIVNALEEEVEFPAPRGTELISENTININSS) 640
H. sapiens (RHES LARTSSAR VLY SPVLEQEALYHVP ENAYVLE T APMALLOAVLIGGLIGSCT| T80 H. sapiens (LI PLUKKDHRONLEFFLAGIGRLILSGLDANT RALFPFVEFPAPRGTPLISFLIRRDNSL 840
P troglodytes (RS GLARTS S AR IVHNLYSPYLFQEALS KVEEAWVLET ARHALLOAVLIROLKRSCT| 763 F. troglodytes (T PLAKKOHRONLEFFLAGIGRLHLSGIDANPRALFPFVEFPAPRGTLISFLIRRDKSL 823
B tawrus (Q¥QESLARTFSARYIVHHLYSPYLQEALYRVPEDAVVLETAPHALLOAVLERGLESSCT) 780 B. tawrus T PLIKKOHRONLEFFLSVGALYLTGIDVPHGLEPRVEFPAPRGTPLISPHIRRDKS] 840
S. serofs QHQGSLARTFSAE! SVHNLYSPVLFQEALQHVE AXAVVVET APHALLQAVLERSLESSCT| 780 S. scrofa (TPLUKKDHRINLEFELSKVG] 'NGLFPPYEFPAFRGTPLISPH-KRDHS] 833
O I R R N A R Tt SRS Bkt ek k| kR R e
Deydratase domain Dehydratase domain

Lplatphynchos  DNDVPRAEDPRSGSGSASASYY

. gallus DRDVPRAEDPPSGSKGSASASVYNIDVSFDSFONYLVGHCIDGRVLYPATGYLYLAYRIL 899 G, pallus
C livia DRDVPEAEDFFSGSKGSASASV | DVSPDSP DY LVGHCTDGRVLYPATGILVLARRTLIB93 ¢ 1ivig
(. nydas THDVPRAEDFFTGSGGSSSASVYT) INDSESSIN YLYGHEIDGRVLYPATGYLYLARRIL) 883 € nydas
K earolinensis TRDVEXAEDFFTGSGHSGAAT VI DVIPESADRY LVGHCIDGRVLYFATGILVLARRIL 899 & carodinansis
D.rerio SHDVPKVEDPPAGSGGSTSATVYNADMNFESEDN INIGHCIDGRVLYFATGYLYLAKRIL 900 D verio

R norvegicus TADIPVARDFPNGS-SSSSATYI

X sapiens ARDVPAAEDFPHGS=GEPSARTY
P Aroglodytes ARDVFAXEDFPHGS-GSPSARVY

DESPOSPDMILYGHCIDGRILEATGILYLARRSLI 699 o platyrhymehos

DASSESSDNYLVDHCIDGRVLFPGTGILYLVRKTL 899 R, norvegi cus
B museulus THOVEVARDRPNGS-SSSSATVYSTDASPESENYLVDHCIDGRVIFFGTGYLELVERTL 699 0. pusendus
DTSSESPONYLVDHTLDGRVLEPATGILSIVAKTL 899 K sapiens
DTSSESFOHYLVDHTLOGRVLIFATGYLSIVKTL 852 P. troglodytes

GSLGUANEQTAVIEEDVTINATILPRXGSVQLEVRINPASCFEVSG-NGNLAYSGKT | 958
LUVNEQTAVIFEEVT THOATILP KRGS TQLEVRINP ASHSFEVSG-NGNLAVEGKT | 958
LGl ANEQUAVNEEEVTTHOATILPKKGS VALEVRUAE ASHCEVSG-HGRLAVSGRT | 956
LGTTNEQUPYTFEEVT THOATILSKRGS TQLEVRLLP ASHCFEVSH-NGHLAVEGKT | 942
LGTSTEEMPTIFEDVIIHOATILPKKGLTQLEVRLIP ASQRREVSG-HGHLAVIGHT | 58
RSLGTYMDNTPYIFEDVIINRATILPKTGS VQLEVRLUPATNRFEVSE-NGHLAVSGLY (359
LSLSLEETPYVPENVIFHOATILPRTGTVPLEVRLLEASHAFEVSD-SGNLIVSGHY 958
Ll SLEETPYFENYSFHOATILEKTGTYALEVRLLEASHAFEVSD-TGRLIVSGHY | 958
LGVEQLEVYFEDVYLHQATILPKTGTVSLEVRLLEASRAYEVSE-NGRLYVSGRY 958
LGVEQLPWEEDVWLHQATILPKTGTVSLEVRLLEASRAFEVSE-HGRLYVSGRY | 941

B. taurus THDVRTARDFRSGS-SSSSATTYKIDTNPESFONILYDHCTOGRIIFEGTGYLCLVRKTLY 699 5, vaurus WUENTP YTV TLHGAVTLPKTGTVLLEVRLLEKSCTFEVSE-GRLIASGRY 953
Ssarofa ARDVPSAADFFSGS-SCSSVAVY KR DVSPESPONYLYDHCIDGRVLEFGTGILELTARTL 638 S, serofa NLEETPYYEEDYTLIOATILPKTGTVSLEVRLLEASHAE VS DSHGSLIASGRY | 956
ELIC IR S I AT C g O gy g f viog .
Dehydratase domain Dehydratase domain

A platyrhynehos  [NLLEMDVLKNFRWQLANFQT=LOTSSKSGLLKEDVYQELHLRGIVGF TFQGVLECKSE| 1017 A platyrhynchos  (GEAGKYLANGHYVIFLOTLLNVLAETGRSLELPTRIRSYY

G gallus SLLENDALIOI HNQLADFQS-QAINTAKSGLLUEDVIQELHLRGYIGETROGYLECKSE 1017 G. gallus GSAGKTLANGNYVIFLOTLLALIVLAETGRSLRLETRIRS VY IDEVLWOEQVYQUQINVE 1077
(.livia LB ALK MR VIFQT-QVDUNSHSSLLKEDT HOELHLRGINGPTRAGYLECKSE 1017 C.1ivia ASTORVLANGHYYTFLUTLLAN ILAETGRSLELPTRIRSICIDFVLHKEQUCQUQISIE 1077
C.nyda CLLEETALINPRNQQVOLET-PIUTEXFSLSKADTYKALRLRGYDYGETPQGLLESINE | 1001 C.rypdas GHTGRVLANGVTFLTLLAMIILSETGHSLRLETRIRSIC: RVHKYKDTE 1061
h arelinensis SLLEEARLINFRIQTILGS-LSS--DIQLSKGDIVELRLKGY DYGFTROGLLESSSD| 1015 A. carolinensis GHSOKVLAKGHYIFLOTLLYLITLGELGRSLALPTRIRSVCIOPKLIRERATITRLE 1075

Drerio SYLEDSGLDAF HAELNIP 1T=ADMEDFKLRLESGDIVKELRLRGYDYGKTEQGILESINA| 1018 D.verio GD3GKLHHTGRHYTFLOTHLANTYYGLEGRSLRLFTRIRSYL!

R norvegicus [QREDPDSKLFDKPEVEIPA-—-ESESVSRLTQGEVYKELRLRGYDYGPHFUGVYERTLE | 1015 B norvagicus GEQGKLLAKDNYVTFUDTHLATSILGFSKASLALETRVTALY IDFATHLAKVINLEGDT] 1075
I museulus [LREDFHSKLEDHPEVETPP---ESASVSRLIQGEVY KELRLAGY DYGEQPQGICEATLE 1015 M. museulus GEGKLLRKDRYVTFUDTHLAVSILGSSQOSLALPTRYTATY IOPATHRORVYRLEEDT] 1075
H. sapiens TQKDDPDFRLFDRPESPTFH- =~ PTEPLF-LAQAEVYEELRLRGY DYGPHFQGILEASLE | 1014 N, sapiens GDSGRLLAKDRRYSFUDTHLANSTLOSARHCLYLETRVTATHIDPATHRORLYTLADEAR 1074
F troglodytes [QFDDFDPRLEDKPESPTPN-~-PAEPLE-LAQAEVYRELELRGYDIGEHFQGILEASLE 99T . troglodytes GDSGRLLAKDNYYSFYDTHLANSILASAKHGLYLETRVTATIIDPATHRQELYTLADKA] 1057
B. tawrus T QREDF RPKLFDRRYGE DPATFYDFTTATHLCRGDVYRELALAGFNYGE TFQGILEASSE | 1018 B tawrns GHTGALLY KDY TFUDTHLANSTLAFSKRSLRLFTRITAL Y THPATHRQKLYTLADKTY 1078
S sarofa [QRESPDFKLY DTRAAVDRA---DSTABFRLSQGDVYKDLRLRGIDYGFFFQLYLESDLE 1015 S, serofa GHGRLARNSHYSELOAMLASTLAPGOLGLYLETRETSIRIDEVTHRAKLYTLADTTY 1075
] LI L S A I T 0 A T Lk sl e 4
hpletyrhymchos  ALDVYVIHCLHSLEAGGVYIRGLHASVAPRRAQERTPPILERICFIPTIESHCISSSAAL (137 A platyrhymehos HATLEHC RGLIELAARYAVHGYRLITHGLETAG-hhAGSSTURKGLAHILAEICHLELK 11%6
G. gallus AFVVVDRCLISLEAGGYRTRALHASVAPRRADERTSPTLEKFSFVEYIESOCLSSSTAL 1137 6. gallus HAYLEHCKGLTORLAARMALKGYRLVIHGLETEG- hAdGSPPTORGLAHILTEICRLELN 11%
C.livia AFDVVYDRCLDSLEAGGVHT HCLHASVAP RRQUERTPPTLERFCRVEYTESCLSSSAIL 1137 C.livie FAYLEHCKGLIQNLAARY AVHGYRLITP GLET AV- hAAEPLPTQKCLAHTLARICRLELN 119%
C.mydas AFDVVVDCCLINTAAGSVRISGLAATAAF RROOBARP PTLERFCVETVESICLSSEAL 1121 C.nydas CAHLEHCKGLICRTARRVAPKGYELATPGLETVG- AFGETVSHQRGLFHILARICRLELK 1180
A carlinensis AFDAVVORCLITITAGAVICGLHASVAP RRAQEATSPTLERFCEVETNEDDCLSSEAGL 1135 A carclinensis SSFEHC EYLIQS LA AT ARKGVELATAGLESAK- VPPAEPCAEGLLHTLARICLLELK 1194
Dxerin AVHVEVRCLDNLTAGSVRICGLAATAAF RROGQATR PTLEERVEVEYEDADCLRTNERL (133 D.reric ADQLRHC KoL YR LA RELARRGVIT STPGLEGASEGALI EABAR GLLRLL SVLOGLELK 1198
R norvegicus VAVTTSRCLGYTVSGRVI ISRLATTATSRAQUEALVPTLEKFVETEHVEPECLSESALL 1135 R norvegicus QKELALLKRLARATATEATRRGLINTVPGLE -~------- [LPRHGLPRLLARACALALR 1166
W msenlus VADVTTSRCLGITYSGGTHT SRLATTATSRRGMBALYP TLERFVETEHIBRECLSESTAL 1135 M. musenlus QKELALLKRLARALATEATRRGLEAANL GE ---=-==~~ DPPRHGLPRLLARACALALR 1186
N sapiens VADVVVSRALRITVAGGVHT SOLHTESAPRROQBOQVP ILERFCFTPHTBEGCLSERAAL 1134 K. sapiens QEELALCKELYALATEVTRAGLINVVE GLIGAR -~ TFRDF SQRELFRLLS AACRLALK 1191
P troglodytes VADVVVSEALRITYAGEVHT SCLHTESAPRROQRQQVPILERFCETPHIBEGCLSERAAL (11T . troglodytes QEELALL KELAQALATEVTRAGLINVVE GLIGAR -~ TFRDFSQQELFRLLSAACRLALK 1174
B tawrus VADVVIHRCLITTVAGGTYISRIHTSVAPRHOQRALVPILEKFCFTPHVETGCLAGHLAL 1133 B taurus QEELALLYGLARALQTRVAQQGTHINVE GLDGAR -~ APQEAFQRGLERLLATACQLALK 1185
S.serofa AADVVVIIRLT VY AGALFLGAHSSVAPRRPORHLEP TLERFCETPHVESCCLAGHTAL 1135 3. serefs QEELALCRGLAQALATEVARQGLINVVEGLIGAQ---APREAPQOSLFRLLAMCOLALY 1192
. L A U A T S * R T © e S I I DR OED R RRE
Fig. 2 (continued).

isoelectric point of 6.07. From this, we deduce that the sequence we
cloned is the gene for Peking duck FAS.

Early studies have identified that expression of the FAS gene is
controlled primarily at the level of transcription and is responsive to
both nutritional and hormonal signals [24,25,26]. In diabetic mice,

insulin administration causes a significant and rapid induction of FAS
mRNA expression. The dramatic induction of hepatic FAS mRNA by
fasting/refeeding is prevented by cAMP and by streptozotocin induced
diabetes [27]. Moreover, FAS mRNA expression decreased dramatically
after fasting and rapidly restored to a level equal to or exceeding the
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A platyrhymchos CHLHSELAOTVTQR IRV PLLNGLLISSELEACL VAL EXMTSHRARTVEALAGHGH 1256 & platyrhymehos LR RIS TLNTAPLLHLDY AT DCTLEALS AVETELADAGLSFSQRESH-PRSGHLSHA 1315
6. zallus GHLHSR L30TV TR DPLLNGLLISSBLKTCLOVARENTTSHRAKTVEALAGSGR 1256 & gallus LFSRYRSTLNTQFLLALDYTATOCTEETLSDNE TELHDAGISFSQRTIESS-LESGRLTHA 1319
C.livia GULHSELEG YT RERMHLADTPLLEGLLDSSELKTCLOVALENVT SHRKT VEALAGSGR 1256 [.livia LFSRVESTLNTQPLLAVITATDHTLITLSAVETELAMAGYYASORTPSS-LESGNLTHA 1315
C.nydes GILISELETVTRE VLA PLLSALLISPALACVOTALENTTSHRARTVEALAGDGR 1240 C.mydas LR SRy TG AT PN LALL Y TATDBARETLF YD SALAETGYSAQHIPIS-FPPGHLTSA 1293

A carelinensis

GILHSELEVYTRERLHLE P LLRGLLISAALKSCHLALENTT Y RARIIBALAGDGH 1254 & cevolinensis

LI SRVTSTLNTQPRLAVDTTATDRTRETLASKETYPQEIGVSTELATIEVI-FFSGHLARA 1313

Yrurio GHLRSELROTVORERDCLIATPLLNGLLISALRHCLTALENSTRSFKVLEALAADGR 1258 D.rerio VFSAVSLLTQPNLRLIYTASITS AL ARQSSLEERGISTAQIT LGP VIGELIGA 1318
]l.nnrvegl o GMHHWWHSMQMIMMMIU{HWWGH 1246 R norveginus LYSP[[SM.LIHQPMLQIEYTHBMQMVQTMQWMG&I‘BPSG—MTM 1335
. serofa Gmmmmmwmmﬂmmmmpmmmw {752 5. serofa LYSHPMNPWWYTH“WDMWMQWQWDPWY”GW 1311

VR R R B R KRR R B F DR CNDLERE DR Lo Rd L ¥
A platyrhynchos DLVVIRCSTRVLGHTTET VSRLARAVER GORYLLHTLLAGETLGETVSFLISEILAKHS 1375 & platyrhynchos ~FLEA AN L SEASLIM AERSPFGSVIFLCRR--ASPARTPIFLETOETHIERVES 1432
G zallus DLAYCRCSTSYLGHTABIISLAAAVERGFYLLHTLLXEETLAETVEFLTSRILAGKHS 1375 G, gallus ~FLS AN EEL P SEASLILYRIERSPFGSVIFLCRR-- ASEARRPILLEVIDTHIERVDS 1432
C.livia DLWV STSYLGHTTEILSHLAAMARE GORYLLHTLLAGETLSETVSFLISEILAAKHS 1315 [ livia ~FLoEAQHECLSEASLILYRIESFFGSVIFLCRR-- QAT ARTPVFLEVIETHFERVES 1432
C.nydes DLLVCHCSVSIFENP AR ILSHLAATVER GORVLLHTLLEGETLSETISFLISEILAARG- 1358 C.nydas ~LLAQAENEDLFSKTLLYLVAVERSFFGEATFLCRA-- QASARTPIFLEVERTHIHVES 1415
A, carolinensis HLLVCRCSLIT PR ARVLSIMATTLEDGGRILLHTLIKDQILSETVGRLISEELAARRG 1373 & carolinensis LU VENEELPSAGLILVAYERSSPGAATFLCRR-- PLPNEQPIFLEVEETOVERVER 1430
D.rerio DLVVCRCAVGSATHEALLIELTSAARBGGR ILLHTLLRGDILGETVAFLTS--QUNRKG 1376 D.rerto ~LLTOT B L FQRAS LIVVMLRES Y CEALFLCRRS QSR THTFYDPTDVERVET 1435
R norvegious DLVVCRCALATLGDEALALDIMYAALKDGGRLLMHTVLEGHALGETLACLES-RVAPGES 1364 B norvegicus -FLSQERHESLPSHEALHLYGLERSFYGTALFLCRR--LSPADEFIFLPYEDTSPAWIS 1421
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Fig. 2 (continued).

original fed state by refeeding [28]. In goose primary hepatocytes,
both insulin and glucose increase FAS activity, gene expression, and TG
accumulation [29]. Also, it should be emphasized that FAS can be

activated by a combined effect of glucose and insulin in activating
sterol regulatory element-binding protein-1c (SREBP-1c), which is
an important transcription factor regulating lipid metabolic related gene
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expression [29,30]. In addition, dietary polyunsaturated fatty acids
(PUFA) could suppress hepatic FAS gene expression, which is mediated
by a pathway independent of peroxisome proliferator-activated
receptor-o. (PPARa) [31]. In goose preadipocytes, expression of FAS
can be up-regulated by a high concentration of oleic acid [16]. Similarly,
in our study, we found that duck FAS gene expression was also
up-regulated with increasing concentrations of oleic acid (P < 0.05)
(Fig. 3). Additionally, our results showed that oleic acid enhanced duck
preadipocyte viability, but at high concentrations, such as 1000 uM,
oleic acid decreased cell viability due to its lipotoxic effects (P < 0.05)
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(Fig. 4). These results demonstrate that oleic acid would stimulate FAS
mRNA expression in duck preadipocytes. However, high concentrations
of oleic acid might decrease FAS gene expression due to its toxic effect
on cell viability.

In poultry exogenous fatty acids are essential for adipogenesis.
Compelling evidence has shown that oleic acid may promote
adipogenic gene expression and lipid accumulation [16,17,32]. As a
key gene in the DNL, FAS is of great importance for adipogenesis.
In chicken, adipogenesis is induced by oleic acid and the expression
level of FAS gradually increases for the first 24 h and remains high



258 F. Ding et al. / Electronic Journal of Biotechnology 17 (2014) 251-261
Thiesterase domain Thioesterase doman
A platyrhynehos NECTGLACT AP LDSTASLASY YIDCHRRTR EGP TRTAGYSEGACYAEMCSALAGY 2327 . platyrhymehos NS AL LF LR DS S YA TOS YRAKLAQGNE AALE TEALCAR YQQF TGLEYNELLY 2387
6. gallns HIPCYGLACTKAAPLOSTQSLASY Y TDCHKATAPEGR{RTAGY SFGACYAFEUCSOLAY 2375 G, zallus RSHALHSLRLPDGSHSFVAAYTOSYRAKL TAGNE ALRTEALCARVOAR TG EYNELL) 2385
(. livia HIPCHGLACTRAAPLDSIASLAT TICLEQIQREGRYCTAGYSGACYAFENCSHLANY 2314 €. Yivia VASHALHSLRLPDGSHSFVAAT TS RAKL TGNE ALR T ALCARYOAPTGIEYNELL) 2374
C.nydss IPSYGLACTRAAPLOSTOMLAL  TOCTRVOPRGPYRTAGYSPGACYAEUCSLADR 2310 C, mydas NP SHSLHSLRLRDGSHSY VAR THSYRAKLTPGNE TRARTEALCARILARTGTEYHEKLL) 2370
A cwrelinensis RIPTYGLAFTRAAPLDSTOSLASY Y TOCTRAVEPRGPYRISGY SPGACYAREMCCULANY 2323 . carolinensis I SHLPHE LR LL DG HS Y YARNTOS YRAKLTPGHEARARTRALCARVAOFTGHRYHILL) 2383
D reris CYRQVALEGPYRTAGYSFORCYAFENCSQLALN 2327 D, veris i P===YEY LRLFDGSHSY VAAYTHS YRAKLTPGIEABATEALCARIOURTGIEYHKLL) 2384
R novvegieus DCTHAYRPEGFYRVAGYSPOACYAFEUCSALAMY 2318 R novvegicus OGPARARNLELEDGSHTY VLAY TOS Y RAKLTRGCEAR AR ARATCRRTKAF VDR HSEVT) 2378
1 wusenlus VR TYCLACTQMAPLDSTRNLAKY Y TDCTRAYQPEGPYRTAGY SPOACYAFEUCSALARY 2317 H. museulus GPAPTHINLILFDGSHTY VLAY TOS YRAKNTR GCRARARAEALCFRIKAFLOVERSEVL 2577
H, sapiens STPTYGLACTRAAPLOSTHS LAY TICTROVAPRGPYRVAGY SYGACYAENCSOLOAY 2324 K. sapiens 0SPARTHHSLRLRDGSFTY VLAY TOSYRAKLTPGCEARARTEATCERYQUFTDNEHIRYL 2384
P, troglodytes STPTYGLACTRAAPLOSTHSLAATYTOCTRVPRGPYRVAGY SYGACYAENCSALARY 2303 P, troglodytes SPAR THIS L LR DG TY VLAY TGS Y RAKLTPCCEAEARTEAVCRRVONFTOMERIRYL) 2363
B tawrys STPTYGLACTGAAPLDSTOSLATY Y TECTRAVIPRGPYRTAGYSTGACVARRUCSULIAY 2328 B, Lawrus NAGE THHSLRLE DG KT YMAY TOS YRARLAPGCEAEARAE AMCFRIQUFTEARHSRYLY 2388
5, sarofa STPTIGLICTGANFLISIQSLASYY TECTRAVAPEGPYRTAGY STGACYAFEMCSALANY 2324 §, serofa QS ATPGHHELFLFDGSHTE VLAY TQS VEAKNTPGCEAEAR XV Y R VOO TOMEQGRVL) 2384
SRR KLEER RO N R R KRR . B Y R B R R R R p ¥
Thivesteease domain Thiesterase domain
A plabyrhynchos  [EXLLPLEDLEARVNAARDLYTQTHANIHREALSFAMGPINKLKAKDKITPESKINGINT (2447 A platyrhymchos | LNRARTHVEVERGLGGD RLSEVCDGKVSVINTRGDHRTLLEGDGVESTIGITHESIARR 2507
6. gallus ETLLPLEDLEARYNAAADLI T HREAL S FAMSHY HKLKAXDKYTEESKYKGINT (2445 . gallus LNRAXTHIEYE BGLGGDYRLSEVCDGHVEVITTEGDHRTLLEGDGVESTIGTINGSIARR 2505
[ Livia LK RN LT AL PALASPU LKA TEESKEGVT (2434 €. divia LRSI EBGL GO RLSEVEDGEVS T TEGDNRTLLEGDGVESIGTIIESIARP 244
C.opdas T PLDL AR VEAANDL T T LS KRN HRE ALSAMST Y YELEAADKIVERSKYRGINT 12430 C.opdas LLRART HEYERGLAGDY KLSEVCEGRYSYHVIEGIHRTFLEGAGVESTTGITHSSIARD 2490
A ewolinentis EALLPLFDLEARYIAMADLITOTHEDTSOERLIFAATSPYHELKAGERYHFECKYHGIV 2443 A, carolinensis LLEART HNEFGEGLGGDY KL EVCDGRYVCYIITEGINCTILEGDGVES ITGITHSSIARE 2503
D.revio ETLLPLSDLEARVDKAVDLITSSHIOWSRIULIFAASTRY IELKAADRIVETSKYHGIVT | 2444 D.rerio LLRARASSEYGIGLASDYKLIZVCDGKVSVIVIEGDIRTTLEGEGVESISSIINSSISER 2504
R norvegious PALLP LSRRV AAVDLIT RS HOSLORRDLSFAAVSRY YKLRAADQUKPRARYHOINE 12438 B. norvegious LLRAKTGATYGEOLGADL MLSOVE DGRV TEGDHRTLLEGROLEST INTTISSIARD 2488
. anseulns EALLPLKSLEDRYAASVDLLTHSHHSLORRRLSFAAVSPYHKLRAADQYRPEARYHGINT (2437 M. musenlus LLRARTGGTYGEDLGAD NLSQVCDGRYSYHITEGDHRTLLEGSGLESTINITHSSIARR 2497
K. sapiens EALLPLKGLEERYAAAVOLITHSHOGLORBLSPARSP TS LRAABQYTERARTHGIV (2444 K. sapiens LLRAKTGOAYGROLGADLNLSQVCDGEYSVHVIBGDHRTLLEGSGLESTISTIHSSHARY 2504
Powvoglodytes EALLELKGLEERYAAAVDLITHSHOGLUBQRLSPAARSE Y KLRARBOYTERARYHGIM (2423 P, troglodytes LLRANT AT GROLGADY MLSQVCDGRYS VHVIGDHRTLLBGSGLESTVSTIHESIARE 2483
| RTTH EALLPLGDLEARVAATVELTVOSHAGLDRNALSFAARSPY KILRAAREY TRRATLHGINT |2448 B, dswrus LLRARIGEATRGLADT) MWHGMMIEGMTWSIEIIIE%E 2505
3. gevefn EALTPLGLEARYAATVDLITOSHAGLDRHALSFARRSFYQKLRAAENYREQATYHGIVT | 2444 S, sevofa LLRARTGGAYGEDLGADY NLSOVCDGRYSYHVIEGDHRTLLEGSGLES ILSTTHSCTARR 2504
IR B IR KL AR R R R R R S ST B
A platyrhymehos RVEVREG 2514
6. gallus RYSVREG 7512
Clivie RVSVREG 2301
(. npdas RYSVQEG 24T
A earolinensis ROSVREG 2510
D rerio RVSTREG 2511
E norvegicus RV3VREG 2505
I musculns RVSVREG 2504
H. sepiens RVSVREG 2511
E. troglodytes RYSVRES 2430
B, tawrus RVSVREG 2515
S serofa RVEVREG 2511
LR 3¢ 1
b
239 118 318 196 317 181 68 260
VB KS-N KS-C AT DH ER KR PP TE C
1 239 243 360 492 809 865 1060 1543 18359 1890 2070 2129 2196 2245 2504
Fig. 2 (continued).
0,60 4
d
5,00 a 020 be ab
— 450 - bc
£ 400 b ab 0,40 -
€ 350 E C
'@ 3,00 S 030 -
2 250 - 8
5 2
3 2,00- 0,20
Q C
'E 1,50 Cc
£ 1,00 0,10
7]
ol
0,00 - T T 0,00 - T T T T
0 100 300 500 1000 0 100 300 500 1000

Concentration of oleciacid (upM)

Fig. 3. Relative expression level of FAS gene in duck preadipocytes treated with different
concentrations of oleic acid for 12 h. The data shown are mean + S.D. The mRNA
expression level in the cells without oleic acid treatment was assigned as control. The
different lowercase letters at the top of each bar indicate significant differences between

the treatments (P < 0.05).
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the treatments (P < 0.05).

Fig. 4. Viability of duck preadipocytes cultured in the medium supplemented with
different concentrations of oleic acid for 12 h. The data shown are mean =+ S.D. Viability
of the cells cultured in the medium in the absence of oleic acid was assigned as control.
Different lowercase letters at the top of each bar indicate significant differences between
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Fig. 5. Morphological changes of duck preadipocytes during differentiation. Duck preadipocytes were untreated (a), cultured with 300 uM oleic acid for 12 h (b),24 h (c),36 h (d),and 48 h

(e). Cells were observed by phase contrast microscopy at 100 x magnification.

for 48 h [14]. Meanwhile, inhibition of FAS by standard inhibitors (such
as cercumin or tannic acid) significantly suppresses the differentiation
and lipid accumulation in 3T3-L1 preadipocytes [12,33]. These
findings suggest that FAS is essential to promote adipocyte
differentiation. In the present study, duck preadipocytes were induced
to differentiate in the medium supplemented with 300 M oleic acid.
We found that most preadipocytes have differentiated and
accumulated huge lipid droplets after administration of oleic acid for
48 h (Fig. 5). During adipogenesis, the expression of FAS mRNA was
notably up-regulated for the first 24 h; however, it declined to a lower
level over 36-48 h (Fig. 6). Interestingly, one of our early studies
showed that during the early growth stages, FAS mRNA in duck

subcutaneous adipose tissue exhibited a ‘rise and decline’ expression
pattern. Moreover, the changes in FAS mRNA expression correlated
to the changes in subcutaneous adipose tissue lipid content [34].
Altogether, these results indicate that FAS plays an important role
in the early stage of duck adipogenesis. However, the molecular
mechanism of how FAS promote duck adipogenesis is currently
unknown and further research is needed.

5. Concluding remarks

For the first time we have successfully isolated the whole-length
coding sequence of Peking duck FAS. Duck FAS encodes a 2515 amino
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Fig. 6. Relative expression level of duck FAS gene in the preadipocytes during
differentiation. The data are shown as mean + S.D. The mRNA expression level in the
cells without oleic acid treatment was assigned as control. The different lowercase
letters at the top of each bar indicate significant differences between different time
points (P < 0.05).

acid protein and shows high nucleotide and amino acid homology to
other avian species. In addition, oleic acid was able to significantly
stimulate FAS mRNA expression in duck preadipocytes. However,
a high level of oleic acid decreased FAS expression due to its toxic
effect on the cell viability. Furthermore, we found that FAS mRNA
was highly expressed in the early stage of duck adipogenesis. Taken
together, these results indicate that FAS plays an important role for
duck adipocyte differentiation.
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