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, AfLep
(Acrossocheilus fasciatus) -80C s Trizol
figt , RNA, cDNA
, ( ,2015) 1.3 AfLep
, GenBank Leptin
, , 3
Leptin (AfLep), (lepl, lep2  lep3, 1) AfLep cDNA
AfLep , Ex Tag" Hot Start Version
Leptin (TaKaRa) PCR , S0pL : 5U/uL
Ex Tag HS 0.25uL, 10xEx Tag Buffer (Mg2+ Plus) SuL,
dNTP Mixutre 4uL, 0.5uL, cDNA
1 1uL, dH,0 38.75uL £94°C Smin;
1.1 . 94°C 30s ( 1)30s 727C
30s, 30 ; 72°C 10min PCR
, 12 , 450 1.5% pMD-19T ,
, (3.13+1.14)g (6.82+0.64)cm >
9 50L , 50 C )
) 4 2 AfLep
, 2% 3
1, . 1 1d , lep-3'-RACE
2 3d , 3 7d lep-5'-RACE( 1), 3’-Full RACE Core Set Ver.2.0
1.2 5'-Full RACE Kit (TaKaRa) AfLep
(0d) Id 3d 7d cDNA 3’ 5' )
3h | 5 1.5%
, pMD-19T ,
> , AfLep
AfLep ; cDNA
*1 3IMER
Tab.1 Information of the primers
(5'>39 (C) (bp)
lepl F:. TCTACMCMTGCWTTTTGRSCATKCT 54 420
R: WGTAAYGKGGTGSGTGC
lep2 F: GGCAGASACCATYATCMWCAGAA 56 180
R: MTTGGGCAGYVTTTGVAG
lep3 FiAAAMHRCAGGCAGASACCA 44 420
R: TAGCAGCTYTTCAMMTGGTC
3. RACE lep-3"RACE Inner: CGCGGATCCTCCACTAGTGATTTCACTATAGG 0
Outer: TACCGTCGTTCCACTAGTGATTT
S RACE lep-5-RACE Inner: GACGAGGTTTGGAGATAGTTTCAGC 6
Outer: ACCCGAGACCTTGGAGTGGTTTAT
F: AGAAGGTTCTTCAAAGGCTG
a-lep R: AAAGTAATGTGGTGGGTGGC 58 178
p-actin F: CCTATTGAGCACGGTATTG 53 140

R: CTGTTGGCTTTGGGATTG




824 48
1.4 AfLep AfLep (
AfLep cDNA , ORF Leptin ); GenBank
Finder (https://www.ncbi.nlm.nih.gov/orffinder/) Leptin
(open reading frame, ORF); « 2), Cluastal X1.83
SingalP 3.0 (http://www.cbs.dtu.dk/services/SignalP) MEGAS.0 NJ
; SWISS-MODEL (http://swissmodel. (Neighbor-joining) , bootstraps
expasy.org//SWISS-MODEL.html)  ProMod 11 1000
R2 ZEFIILX RGERGELKETAFT
Tab.2 Sequences that used for multiple alignment and phylogenetic tree construction
AIE45855 Leptin Schizothorax prenanti
CAT30828 Leptin-T Cyprinus carpio
CAI30828 Leptin-II Cyprinus carpio
ACL68083 Leptin Carassius auratus
ACO082076 Leptin-II Carassius auratus
ACI32423 Leptin Ctenopharyngodon idella
AHI13615 Leptin Culter alburnus fif]
ACZ02412 Leptin Salmo salar
ADI77098 Leptin-A2 Salmo salar
AGB34181 Leptin Oncorhynchus mykiss
AGR51148 Leptin Larimichthys crocea
AFUS55260 Leptin Epinephelus coioides
CEE15395 Leptin-1 Anguilla Anguilla
CEE15396 Leptin-2 Anguilla Anguilla
XP_002931881 Leptin Xenopus tropicalis
CDL67225 Leptin Columba livia
NP_032519 Leptin Mus musculus
NP_000221 Leptin Homo sapiens
1.5 AfLep - Premix Ex Tag™ (TaKaRa), 20uL
AfLep cDNA 1 : SYBR" Premix Ex Tag (Tli RNaseH Plus) 10uL,
q-lep f-actin (D, 1uL, cDNA 1puL, ddH,O 7uL
AfLep - :94°C 2min; 94°C 15s 58°C
15s 72°C 30s, 40 Cr
cDNA , 65—94°C 0.5C
, RT-PCR AfLep p-actin 274C (Livak et al, 2001)
20uL : 2xTaq Premix-Dye AfLep Excel2007
10uL, 1uL, cDNA 1uL, dH,O , ; SPSS16.0
7uL 1 94°C S5min: 94°C 30s 58°C
30s 72°C 30s, 30 ;72°C 10min (One way ANOVA) ,  P<0.05
PCR 1.5%
AfLep 2
PCR (real-time 2.1 AfLep
quantitative PCR, RT-qPCR) SYBR" , AfLep
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1315bp, 5" 175bp, 3" 699bp; 1 ; Leptin
516bp (ORF), 171
; SignalP4.1 R 20aa ; AfLep ,
(D Leptin AfLep
Leptin Leptin (86.7%),
 2), Leptin Leptin 80% ,
1 GGCCATTACGGCCTAGTTACGGGGGATCATACAGACCTCAGATTGCAAAGCTGGTATTGCTTCGCTGTTGCAAAGTTAAAGACCACTCAACACAGGAAGC 100
101 ATG TAT TTT CCA GCT CTT CTC TAC CCC TGC ATT TTG GGC ATG CTC AAT CTG GTT CAT GGC ATT CCC GTT CAT CAG 175
1 M Y F P A L L Y P ¢ I L GM L N L V HGTIT P V H Q 25
176 GAT AAC CTG AAA AAC TTG GTC AAA CTG CAG GCA GAA ACC ATC ATC CAC AGA ATC AAC GAT CAC AAT GAG AAG CTG 250
26 D N L K N L V K L @ A E T I I H R I N D H N E K L 50
251 AAA CTA TCT CCA AAC CTC GTC ATT GGC GGT CCA GAA CTT TAC CCT GAG GTT CCT GCT GAT AAA CCA CTC CAA GGT 325
59 K. L s p N L VI G G P E L Y P E V P A D K P L Q G 75
326 CTC GGG TCT ATC ATG GAC ACC CTA ACT ACC TTC CAG AAG GTT CTT CAA AGG CTG CCC AAG GGG CAT GTG AAC CAG 400
76 L ¢ s 1T M D T L T T F Q@ K vV L Q@ R L P K G H V N Q 100
401 ATA CGC AAC AAT TTG TCC ACA CTT CTG GGT TAC CTG AAG GAC AGA ATG AAC TCT ATG CGT TGC ACA CTC AAG GAG 475
1719 I R N N L S T L L 66 Y L K D R M N S M R C T L K E 125
476 CCA GCT AAC GAG GGG TCA CTG GAC GCT TTC TTG GAG AAC AAC GCC ACC CAC CAC ATT ACT TTT GGG CAC TTG GCT 550
126 P A N E G S L D A F L E N N A T H H I T F G H L A 150
551 TTA GAC AGA CTG AAA CAG TTC ATG CAG AAG CTG ATT GTT AAT CTG GAC CTT TTG AAA AGC TGC TAA TTTTCTATTAT 627
1 L D R L K @ F M @ K L I vV N L D L L K S € = 171
628 TGTAGCATTAAAAATATACTATTTATAATATTTATTTAAAACCCTGTATATTTATAAACCGATGCAGCATTTTGGCACATTTTGATATGTACAAATTTAT 727
728 TCCCTGGTATTAAACAGGAAGCTAAAAATGTTGTTTCGACGTCATGGCATGCCAAGCAATCTGTCCTTGCTACGTAAACACTAACAATCTGATACCTGCA 827
828 CAGATTGTCATGTCATACTTCATGCTGTCTGCAGGATGACATCAGCATTTGCTGAGCGTGCTCAATGATGTCACTGTGTTTACCAGAAGCAACGAGGTCA 927
928 GACTCTGCTGGGAAGCTGGAATCATGTTCCCATTTTACTTCTTGCTGCAACACCAGCATTGTACACTCACAAAAAAGGTACAAAAGCTGTCACTGAGGCG 1027
1028 GTACGTTTTCAAAAGGTACTAATATGTACCTTTAAGGAACTTAAATGCACCCTTTAGGAGTAAATGAGGTACATGTGTACCTTTTGAAAGTGACAGTTTC 1127
1128 TGTACCTTTTTTTCAGCAGGTATGGGGAGGAGGGGAATAAACTCATATTTTCCTACACAGTATGAATCTATGCACTTTGAATATCCTGAATATTGCTATT 1227
1228 AGTTTTGTATTTTGTGTATTGATGCATTTTGTTTTTATAAAATGTTACCAATAAAAGAAATTCTAAGTTACATTGAAAAAAAAAAAAA 1315
1 AfLep cDNA
Fig.1 The nucleotide sequences of AfLep cDNA and deduced amino acid sequence
.k .
63 A JE& Acrossocheilus fasciatusl Leptin (AfLep)
82 FFOREE Schizothorax prenanti Leptin
87 8 Cyprinus carpio Leptin- 11
60 80 Carassius auratus Leptin-II
99 L'j 8 Cyprinus carpio Leptin- T
55 80 Carassius auratus Leptin
100 l:%@ Ctenopharyngodon idella Leptin
100 FELI8H Culter alburnus Leptin
BES & Danio rerio Leptin
99 8881 Anguilla anguilla Leptin-1
8865 Anguilla anguilla Leptin-2
100— 4188 Oncorhynchus mykiss Leptin
58 100 KG¥8E Salmo salar Leptin-A2
KPG8 Salmo salar Leptin
97 ——————————— KZ&8] Scophthalmus maximus Leptin
100 _|: K& Larimichthys crocea Leptin
52 S GPI& Epinephelus coioides Leptin
BES & Danio rerio Leptin-b
53| JTUE Xenopus tropicalis Leptin
88 Columba livia Leptin
99 .
5;{ —— J\& Mus musculus Leptin
100 —————— A Homo sapiens Leptin
—_—

0.1

2 Leptin (NJ , bootstraps=1000)
Fig.2 The phylogenetic tree of Leptin (neighbor-joining method, bootstraps=1000)
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Leptin (30% ), Leptin ;
Leptin 20% Leptin , 4 «a
( 3) (Helix A-D), 20aa
Leptin , AfLep Leptin ( 4
SSAK Helix A Helix B
HEE Leptin MYFP-ALLYPCILGMLNLVHGIPVHQDNLENLVKLQAETT THRINDHNEKLKLSPNLV I-GGPELYPEVPADKPLQULGS IMDILTTFQKVLQ| 92
FO2YEE Leptin - [MYFP-ALLYPCILGMLSLAHGITPVHQNSLENLVKLQADTISLRIKDHNEKLK ISPELI I-GGPELYPVVPVDKPIQYLGSIVDILTTFQKILQ[ 92
2 Leptin-1I MYFS-VLLYPCILGMLSLVHA[PVHPDSILENLVKLQADTT ILRIKPHNEKLKLSPKLL I-GDPELYPEVPANKPIQJLGSIVETLSTFHKVLQ| 92
&8 Leptin- T MYFS—ALLYPCILAMLSLVHG[IPTHSDSILKNLVKLQADTT I TRIKPHNAELKLYPKLL I-GDPELYPEVPADKPIQJLGSIMDE ITTFQKVLQ| 92
0788 Leptin- T MDCSMALLVSSLLALFSMGAGASLSLDIVRTKVKFLAQIMYYRTQMETKKLPSSSNLV IDGLELFFPAAAGDQPTEQLPSTIVEIMGFYQDLLI| 93
KOGEEE Leptin-A2 |MDCSMALLVSSLLALFSMGAGASLSLDIVRTKVKFLAQIMVYRTQMGIKKLPSSSNLVIDGLELFFPAAAGDQPIGULPSIVETMGFYQDLLI| 93
KOB5FEE Leptin MDCSMALLLSSLLALFSVGAGRSLSLHVVRTKVKDLAQTMY IRIN-——-KLDI-SPNLIEGMDPFLPAAAVDQHIESLPSIMETIMGFYQDLML| 93
A Leptin MHWGTLCGFLWLWPYLFYVQAVPI-Q-KVQDDTKTLIKITVTRINDISHTQSVSSKQKVTGL———DFIPGLHPILLSKMDQTLAVYQQILT| 97
Helix C Helix D
HEE Leptin HVNQIRNNLSTLLGYLKDRMNIMRCTL—-KEPANEGSLDAFLENNATHHI T|FGHLALDRLEQFMQKL TVNLDILESC- 171
FORERE Leptin HVSQIRKDLSTLLGYLKERMNSMRCTP——-KEPANERSLDAFLEGTATHHI IFGHLALDRLKQFMQKLIVNLDHLKSC- 171
2 Leptin- 11 HVSQIRNDLFTLLGYLKDRMTSMRCTL——-KEPANERSLDAFLENNATHHI IFGFLALDRLKQFMQKLIVNLDHLKSC- 171
82 Leptin- T RVSQIHIDLSTLLGHLKERMTSMHCTS—-KEPANGRALDAFLEDNATHHI TIVRYLALDRLKQFMQKLIVNLDQLESC- 171
4748 Leptin- T FLDMADLKQLVEDASTMRGQLENWMMY-RCPGRQQKL I GEGGLEEALKDSVRKFGLYVSPVALNRLKGYLDRLLLNLDQLRYC- 175
KUG¥4E Leptin-A2  FLDMADLKQLVEDASTMRGQLENWMMS-RCPGRQQKQIGEGGLEEALKDSVRKFGLYVSPVALNRLKGYLDRLPLNLDALRYC- 175
KPIGEEE Leptin FLDWADLKQLVEDTSTMRGLLENWMIS-RCPGRAQKQTGEGRLSEALKDTTRKYGLYVGPVALNRLKGYLGRLLLNLDQLNYCY 171
A Leptin SMPSRNVIQISNDLENLRDLLHVLAFSKSCHLPWAS——GLETLDSLGGVLEASGYYTEVVALSRLQGSLQDMLWQLDIISPGC- 167
ES * * koksk kk k
3 AflLep Leptin
Fig. 3 Amino acid sequence alignment among AfLep and Leptin of other species
23 AfLep
PCR ( o),
AfLep (P<0.05),
1d 3d 7d
AfLep (0d) 58.25%
73.82%  92.05% - AfLep
R 1d 3d 1.79
4 Leptin 2.65 (P<0.05), 7d
Fig.4 The tertiary structures of Leptin protein (P>0.05)
ca: AfLep; b:  Leptin
1.2 a
2.2 0 oy
. m B8
RT-PCR AfLep 1B . -
o8 *
b b H'%
i
i 0.6
Q) = b
o 04 .
=68 N ey B B R M <02 ’_}_‘
300bp : d
AfLep 2000p 00 ‘ O
100bp 0 ! 3 7
918 (d)
300bp
. 200bp
-actin
g 100bp 6 AfLep

Fig.6 Changes in expression of AfLep in liver of 4. fasciatus
during fasting and after refeeding
AfLep

5 AfLep

Fig.5 The expression of AfL.ep gene in various tissues of 4. )
fasciatus ’

AfLep
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3
Zhang (1994) Leptin
Leptin
Leptin 1
1 ,
Leptin (Kurokawa et al, 2009; Angotzi
et al, 2013; , 2015),
( , 2006) ,
Leptin s
(C. carpio)2  Leptin
(84%), (D. rerio) 2  Leptin
24%( , 2015)
Leptin
(AfLep),
Leptin ,
AfLep Leptin ,
80% , Leptin
30% Leptin
Leptin s
; Leptin
s 2 4 «
( , 2015; , 2016);
AfLep Leptin
Leptin
, Leptin
Leptin
(Trayhurn et al, 1995), Leptin

AfLep
(Lateolabrax maculatus)
(E. coioide)

(Gorissen et al,
, 2016; Yuan et al,
Leptin
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(Siniperca chuatsi)
Leptin
2009; Zhang et al, 2013;
2016);
, (Megalobrama amblycephala)
Leptin (

, 2016), (S. salar)Leptin

(Ronnestad et al,
2010); Leptin

Leptin Leptin
(Kolaczynski et al, 1995; Saladin et al,
1995; Trayhurn et al, 1995; Weigle et al, 1997)

AfLep

>

, (C. idella) (C. auratus)
(Morone saxatilis) (0. mykiss)
( , 2015), (E.
coioides) (O. mykiss) Leptin
Leptin (Kling et al,

2009; Zhang et al, 2013)

(Pagrus major)
(Kaneko, 2016);

(Moon, 2001) R
1d 3d AfLep
; 7d AfLep
(2016)
(Carassius auratus) 4d
10%, 6d 50%
AfLep )
R N , 2015. (Anguilla japonica)
, 46(6): 1373—1379
> ) ,2015. leptin
, 39(3): 583—589
5 > , 2016.
, 31(1):
13—18
5 s , 2006.
,27(5): 525—532
s s , 2016. leptin
, 35(1):
92—98

, 2016.
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CLONING AND EXPRESSION OF LEPTIN GENE IN ACROSSOCHEILUS
FASCIATUS DURING FASTING AND REFEEDING

MU Fang-Shen, MIAO Liang, LI Ming-Yun, HOU Hong-Hong, LI Xiao-Meng, XU Yu-Min
(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract Leptin plays an important role in regulation of food intake and energy expenditure in animals. To study the
structure and function of Leptin gene in commercial fish Acrossocheilus fasciatus, we cloned the cDNA sequence of Leptin
gene in A. fasciatus, named AfLep. The full-length of AfLep cDNA sequence was 1315bp, contained an open reading frame
(ORF) of 516bp encoding 171 amino acids; and the initiative 20 amino acid consisted of signal peptide. In the phylogenetic
tree, AfLep gathered with Leptin of other Cyprinidae fish and was most closely related to Leptin of Schizothorax prenanti.
The multiple sequence alignment showed that AfLep shared the highest amino acid sequence identify (86.7%) with Leptin
of S. prenanti, and had more than 80% sequence identity to other Cyprinidae fish. The predicted protein of AfLep has four
a helices regions, which is conserved in vertebrates. The predicted tertiary structure of AfLep is similar to human Leptin.
AfLep gene had the highest expression level in liver, followed by brain and kidney, and weakly expressed in other tissues.
Real-time fluorescent quantitative PCR (RT-qPCR) showed that the expression of AfLep decreased significantly in liver
after being fasted (P<0.05), and reduced by 58.25%, 73.82%, and 92.05% after fasting 1d, 3d, and 7d, respectively,
compared to pre-fasting. When the fish were refed 1d and 3d after fasting, the expression level of AfLep in liver
significantly increased (P<0.05), but in the group of fasting 7d the AfLep expression was slightly elevated after refeeding
(P>0.05). All these results indicate that AfLep participates in the adjustment of feeding regulation and energy metabolism.

Key words Acrossocheilus fasciatus; Leptin gene; tissue expression; fasting and refeeding
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