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DB ettt ERHN T AEFNEELERS, AZKEXREANELZL
Blo AAMES, FIAPCREATET KO EH leptin A 3£ F W 4575 X, H Ik M 3248
(ORF) % 486 bp, 4w 161 MEAKEBREH. B 5 H My HIATRIFEMEL, ZRAHH
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AW leptin AW RFEMA T, RDEGTHRY Leptin A ki XRAAMMA RS
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W, MM TR 247 RN, il &
A% 3l 21 B A 0 T B X 38 DL 48 RE = AL D 4R
SIHFE . BARIXELAT N SO 98 /D T Xt BE & 4R
KWK, HEROKERERYELRENZ
—, W, ATHREARMINERE T, HiRfA
KR E R S A B R 5

K O & (Micropterus salmoides), JR7=3%
T, SRIETHIEH (Perciformes) . KFHF} (Centra-
rchidae). 5 JE (Micropterus)"., T & FEM1H
. WEEEE, W2 EEZ, B A
LA PROK TR i Fh 2 —0, 4R, KRHE R
LA N (A=A =W 1 S ED SRS A N MY 2R
L AN 128 1 AW N A B o S AP E 1 1=
T UE W REXG N sh ) 40 Wb R e R A R A
F a3 U AR B 5T R T XK R leptin A
() JE R T B L 2H B3 A LA B AR SR 38 X H 3R A
S B BIESE o 1 S A R A TR ABE S R 1R
fiyi fiE AR DL SR AU 30 T L fE A R 4R HL R 2
PSR

1 MRS T

1.1 SCIe#A R

e BR AY < f 15 R 1 2R [(120+10) g]
H OB R AR DL A RS ] o 928 HT, H%
HH I T s G A SRR, R A
HCHBESR 24 h WA SROK, RERIK 1/4, /K (20.0+
0.2) °C, SR AR (BER 10h Z247) . J1E]
R RS A, AR 7.0 mg/L L L
7 35 IF R A0 £ 5 MR 10 SR R AR RE R
ML 25 min J5 A /DB, BRAES: 25 Fl14: 25

SERTHEMR 2 0, B R 2 8, M IE NS5 Mok A
1.2 KO 2% leptin A EF cDNA B fE

B2 G, B ESEm, BUbo . 68
Far . WUAL . BFRE. M. BEEAE. KB P M
iR 10 DS KLU ARERIN, ARRIIA 15 mL
PR, K8y, M 28K . H Trizol
7% (TaKaRa, H A<) MU IE 4 20 b 42 BCHS &2 RNA,
FH 1% g W 58 T4 4 15 Big 55 J5¢ H UK F NanoDrop
1000 43 ¢ ) B 41 (Thermo Scientific, 3% &) &
RNA )52 3 F BE . I Primer 5 3k, 48
IR I B 0 L DR 2 e 8 R T K 1T BR B feptin A R
PESI (R D)o ARAE IS, R & 7 g
5 RRO37A, TaKaRa) #1725 3 [H 41 36 5% 5% & 1l
Sk cDNA, Wif% 5% )5 5448 37 °C T ##4T 15 min,
85°C ¥4k 5s; FFLASH—4E cDNA BRI T PCR
Pig . 94 °C HiAEE 3 min; 94 °C, 30s; 56 °C,
30s; 72°C, 1 min, 3 354F¥H; 72 °C 4E il
5min; 12°C, /KA. PCR ¥ HF=H2 1.5% Biflgh
BE LKA I Ak Il L FE4E, KR
P TRV 3 A K I TR A W B 4 A BR A ®1 R AT
1.3 KO EfS leptin A E [ cDNA %5 F 5 &
RGHN T

K DNAMAN K {4 X} 2 WK 7 £5 3| (1) leptin
AP H Bt A pf e, X PR R A AT W
(http://www.ncbi.nlm.nih.gov) He X}, AL F S5
13BN leptin 753 17 5 5 HABY) T 1Y leptin [F] 5
P 5 H ExPASy 2 J¥ (http://www.expasy.ch/tools/)
e B8 TG T Tk [ 1352 HE T 4 R 21 SR R R S NS O .

*1 mESFRENSIIFT

Tab.1 Primers sequence of cloning and expression

| H 514 5'=3' 4 TR Z/°C I bp
gene purpose primer 5'-3’ sequence melting temperature amplification size
LEP-A Partial cDNA LEP-A Fl1 AGCGTGCGTGTCTGTATG 572
LEP-A RI GGTAACCCGTCAGCGAAG
LEP-A F2 TGACCGTTTCCTGTTCTC 871
LEP-A R2 AGTTGCCCTTTACCCTTC
Real-Time PCR rtLEP-A F CTCTTCGCTGACGGGTTAC 89.3 136
rtLEP-A R AGCCTCAATGCTCACGGT
p-actin Real-Time PCR B-actin F AGAGGGAAATCGTGCGTGAC 85.0 193
B-actin R ATACCGAGGAAGGAAGGCTG
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Mega 7.0 % {2 Fl DNAMAN #1544 655 B (4 leptin
FEH P 5 AT R 23 A s SR ClustalX #74F 4%
AT K OB leptin A B IR ¥ 51 5 M NCBI
R ECT R AR TR leptin F TR ¥ 51T
Fext s 3 F & HERR 7 1 X SO, 7E Mega 7.0
A A R FH AR 42 15 (neighbor-joining method) 43 #1
RGEREXRTR, WERGEHMN .

1.4 KOZEH5 leptin A AR5 %

¥ IR <K O PR Jeptin A FE K cDNA ) 78 F

R RNA 077, B0 EIAR 10 DMHZU RNA,
HE 36 B 45, (A0 & 0 i 5 RRO4TA,
TaKaRa) & M55 —4% cDNA., ¥ 55 5 )5 5848 37 °C
FHEAT 15 min; 85 °C FF4E 5s. MR ok 15 2
B R 1T 2R Jeptin A F& TR Y 4 Bt P 51 % 31 PCR 5|
Yy &), NS R B-actin mRNAYE S
& . ] TB Green Premix Ex Taq II (TaKaRa)xE & I
JE leptin A i) mRNA 7K F-, qPCRFEJF : 95 °C,
3min; 95°C, 30s fl162°C, 30s {39 ¥k, 72°C,
60 s, LA DEPC 7KAE A BA X BB i, A~ I
MALHE 3 N EEARTEE, Dbt fain2zE. HMEREE
TRECHE SR ] 27 R 2 3k B IR T RS
NS B-actin B B ¥ 1H—, 12 FH Geomean %K
it ENSERN S8, BHRSESHRES
— (RxERENN D, H— 808 F I SPSS
24.0 A AT B R 7 22 73 Bt (ANOVA),

1.5 2MEEMBITKOEES leptin A FTIERY

A

B2 )E, BRI TRHLK M E 9N
BT (1 ASXFRRZHFD 2 A SEgR 2, B 3 N EA),
AT 25 S50 th . IR AE RN T %€ 60 L YR
SERAK, 2R b, AR 25~
35 minck 95 DO 7K. HEFEE4 (L) 40 DO & it
A (1.240.2) mg/L, R G (M) 41 DO &% &t
(3.5+0.2) mg/L!""*1, R4 S 3k [17], HEBE—
B[] FH S Ao LA Bl i vk W W DO /Y &
RIDO FHEJa, wior B AR 4E, G PG
W DO, H 25 &I FF—3 . X4 DO 5 Y
AEIIAHTR] (DO H 7.0~8.0mg/L), SZH MIHE A 26 h,,
S0 K S I8 f0 AR AR R A DO MBS RIS 2 h, 2
JEFFURSER, 43l FE 0. 4. 8. 12 F124 h RAEHE
Ao B OELLERRA B ] SOR AR 3 45 fh . R
FH o (9 MS-222(100 mg/L) X 17 BRI . R 4R
JHF I 20 27 31 ] Trizol ¥ (TaKaRa, H 75) M 145 B

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

OB RNAL FH 1% SRR W5 2R V3 4 It e 156 e H Uk
i NanoDrop 1000 43 5t: ) &£ 11 (Thermo Scientific,
2 ) K RNA () 52 MRk B o AR 48 U B 5
TR F & (77 5 4% 5 RRO47A, TaKaRa) 5 85
—Hf cDNA, %6577 %4 37 °C T #47 15 min;
85 °C FFLE 5 s MG R K 11 B leptin A 3
PCR 5% K7, I NS EE K B-actin mRNA
YE RS I8, KR leptin A 3635784k, #45
2 1Y B s H SPSS 24.0 #4517 ANOVA HLIH &R
5 253 H1 -

2 4R

2.1 KO ZE&5 leptin A cDNA FEBRFH 94

¥ PCR Y MG Fr gy =y il iy . PfdE, 3%
73K 101 BB leptin A K& K& 4> cDNA 741, HITF
%2 HE (ORF) Ay 486 bp, it 161 P& FEMR .
3 B 4 38 & NCBI A JE & (GenBank: MN
887534), K IIERA Leptin A cDNA J¥ 51 K #E I )
AT HE 1 iR

22 KORESH leptin A ARG H AN RER
FF 5 [B1R 14 b 3

leptin 3. PP L X5 R B, #E H Y
leptin FER PR ~FHEER , — BRIk 91.46%, 7F
KR leptin A T LT A7 TE B D S S PR 28 2
B (B 2), MRIEZEEER T I X455, KH
15 1) leptin A B K BT 4 i 9 45 11 5 5708 H 19 HAl
P21 leptin 25 H B4 £ i Af 8] 10 28 57 2 LR ,
fJ4E Asp. Thr, Leu, Ala, Phe. Ser. Lys #l Val
&5, kA, KO R leptin A 585 (Siniperca chuatsi)
leptin A #R L PE B 3K 92.59%; 54645 (Lateolabrax
maculatus), 28U (Morone saxatilis) %5 8 JE H £
FKAHRITEH 71%~90%; 5HEIE H (Cypriniformes)
025 BE 5 1 (Danio rerio) FIPE N 25.34%; Sl
FLIE . B KE S H S 0 A LPE D 20%~
35%(%] 3), iE it Mega 7.0 Bk 14 4 £ 19 £ 48 i Ak
B E5 8 8o (K 4), i 958 B leptin] 54
i AEfE . ORI RET 8K 585 (Dicentrarchus
labrax). ®}ii £1 W10 (Epinephelus coioides). i [
i % (Trachinotus blochii), 7% (Channa punctata)
N5 B8 446 0 (Thunnus thynnus)) B H—%, B8
H A BE D 111 leptin A B — 32, FiA ML |
52K 817K leptin S i B —
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61  GAATAACCTGCTCATTGTTGTTCTTCTCCTAGAAATACCAGTGCTATICTGAATTCTATA
121  CATCTGGGGALATACTACARAT
143 ATGGACTACACCCTTIGCIGTCCIGITTICTATACTGCAAGTTTTAAGTGTGGGCTCAGC
1 XD YTULAVYLPFSILGQVYLSYG S A
203 GCICCICTGOCAGTGGAAGTAGTGAAGATGAAATCAAAAG TGAAGTGGATGCCTGAACA
21 APLPVYEVYYENEKSET VETVYHNA AESQ
263  CTGGTGGTTAMGCTGGACAAMGACTTICCAGGTCCCTGTIGGCCTGACTCTCAGCCCACCT
4 LVYVYVELDEDFQVPVYGLTLSPTP
323 TCTIGATGATCTSGATGGACCTICCACCATAGTGACCGTCT TGGAGGG TTACAACAGOCTG
6l SDDLDGPSTTIVYVYTIVYLEGTYE NS STL
383  ATCICTGACAACCTTAACGGGGTCTCTCAGG TCAAGTTTGAAATCTCTTOGCTGACGGGT
81 I SDPRLHEGVYSQVEFETISSLTIG
443 TACCTIGATCAGTGGAGGCAGGGGCACTGCAGTGAGCAGCGGOCARAGCCT TOSG TACCG
101 YLDQVY¥RQGHC S SEQRPETPSTYTP
503  GGACCCCTACAGGACCTACAGAGTCGAAAAGAGTTTATTCACACCGTGAGCATTGAGGCT
2. 6 PLQDLQSREETFTIHTTYSTIEA
563  CICATGAGAGTGAAGGAGT TCCTAAATCTGCTGCTGAAAMATCTGGATCATCTIGAGACT
14 L XERYEEFLUNLLLENLDHELET
623  TGCIGA
161 C =
629  AMGACAGACATTAGGTCTAGTAATTGGAAG TTACTGGCAACAATTG TG AAAGTCTICATC
689  AGTGACGOCTGCAATGCAATTTTAAGGACTTTTATICTCARACATTCTTACTTATTTACT
749  TATTTATATACACATGTATTTATTTATATATTGTACTTGGAAAATAGG TATTTTG TAAAA
809  GALAMAGAACAGTCTTTTCATTCACGTG TTTOGCTGCALG TG TGGG TTCCACAGGALTGT
889  TAAAMGGCAAACAGGTCTATGCTTTGCACATAAAGAAAAATCGCTGCTCACAGGTTIGTA
929  CTATTACACTACTGTTGTATCAACALGAGCTOCALG TGTAMMATATGGATCTACATATTA
989  ATTCH# TCATATAGCTGAG TCCGCTGAG TAAGG TTG TTTIGCAG TCAGAGGE TCTGATGAG
1049 TiGCAACGTCATCCACGGARATTCCTGALALOCCGG TGGCCAAMATCAACAG AAAGC TAC
1109 ATGGACAAGALGGGTALAAGGGCAACT AATCOCCACCCACGACGGC

GTTCGGAATGACTGATGCCGECAG TGAAATATCGGTAAC TCTARMCAGCATTTAALGGAA

1 KO ZEE leptin A cDNA FF 5 B HEM 49 & EER 55

Fig.1 leptin A cDNA sequence and its predicted amino acid sequence in M. salmoides

2.3 KOZEHE5 leptin A mRNA FI4EARILER

W3t LA B-actin NS, R SEEE 50 E &
PCR F AR KM leprin A 1E K F R b & 2H b i 3%
BIEOL (B 5). Z5RKM, leptin A 75K 1 B4
MHL PR Fik, (HAEMIE DRIk G i,
WG f . SR SRR AL, Hadgih R
TR RIL
24 KOZEH leptin A EEMREMERTHER
LR

X 52 B AU 38 5 B R F R 5 ) I 4 2
HEAT E R IR AT, B R B], 0 h(RIMIC 40 1
2hEf, EEREAN leptindA BFXEREST
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X HRZH (P<0.05), H. P AR leptin A K3k
et AL B2 A P TR, (E R R IR AR A A
BEAR; 24 h i, hEERAALH Y leptin A Rk
HEMEAILEAFEZS, HiX = leptin A
Fek E B A A BT (P>0.05)(K] 6).

3 Tk

H FrC A JLFP A B P UE ST leptin JE A AE
WAL, HAFEERE . s Bt i (Cyp-
rinus carpio) P9, KV (Salmo salar)™™, &
Bt (Oryzias latipes)*™ 45 . 38 & ¥ 7E 0 25 h & BLAY
P R ILHFRA leptin A F1 leptin B, {EfZRE
T A T 9 2R R IR 4 K 3 02 leptin Ao ASBFSY
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KRS Microperus salmoidea leptin A
H4# © Channa punctata leptin

4 Morone saxatilis leptin
BN A BL Epinephelus coioides leptin A
Hi (GRS Trachinotus maculatus leptin A
168 Lateolabraxi maculatus leptin A

W% Siniperca chuatsi leptin A

Wil Dicentrarchus labrax leptin
CONSensus  atggact cac £t g

KBS Microperus salmoidea leptin A
Lill © Channa punctata leptin

. kEUyi Morone saxatilis leptin

R A BE Epinephelus coioides leptin A
[KHEES  Trachinotus maculatus leptin A
168 Lateolabraxi maculatus leptin A
Siniperca chuatsi leptin A

& kiE  Dicentrarchus labrax leptin
consensus

KRS Microperus salmoidea leptin A
#4 © Channa punctata leptin

N ST Morone saxatilis leptin

R AR Epinephelus coioides leptin A
Ai K362 Trachinotus maculatus leptin A
16l Lateolabraxi maculatus leptin A
Siniperca chuatsi leptin A

&kl Dicentrarchus labrax leptin
consensus

KV Microperus salmoidea leptin A
{il * Channa punctata leptin ~ jils

%4U0fi  Morone saxatilis leptin

R BL Epinephelus coioides leptin A
Hi [CERG2  Trachinotus maculatus leptin A
1effi Lateolabraxi maculatus leptin A

5 Siniperca chuatsi leptin A

& Vil Dicentrarchus labrax leptin
consensus

KEEES  Microperus salmoidea leptin A
L) © Channa punctata leptin

_s&kalyi - Morone saxatilis leptin

R A BEf Epinephelus coioides leptin A
i K832 Trachinotus maculatus leptin A
16l Lateolabraxi maculatus leptin A
Siniperca chuatsi leptin A

& kilE  Dicentrarchus labrax leptin
consensus

ga gctet gagrty

B
i
4
i
i
E

& 2 #5528 leptin 2 & F 5 &R 14 bE 3¢
O R ROR AT RO, FR O R R AR OE KT 75%, K (75 5 R EIE R AR BUE KT 50%

Fig. 2 Homology comparison of leptin gene sequence in Perciformes

In the sequence, the conserved and identical residues are represented by black shading, the amino acids similarity greater than 75% and 50% are repres-

ented by dark gery and light grey respectively

HIRAER O RGT R SE B W leptin A, HALHE 4 it
161 /> % FE 2 25 11 1) 486 bp ¥ il [ 2 HE (ORF).
R T2 H 1) leptin FL P 75 HE X &5 5%, UEBA T
leptin 7E[] H B9 8] 5 BELR~F , HAR = R
leptin 2 FE /R )7 51 [A] R M LU X5 R B s, RES
oAt 3l Wy 1) 2 1R 5 ) A AL AR, (HR R
fiyi leptin A 5 1% H 0 28 9 2 FE 1R 5 51 O ~F 1 3¢
=, RN R Y leptin A &5 FEARSF, MRIPE R
92.59%, xR F b 5 8% 2 8] 19 K 2 O0C R AR
W, 74, TERGEHAR T, 88 H 195
ff leptin A RN —3, IAMMHALIE . SEHM
&AT2E leptin A —>, FrA 6L HNMER N
— 3, TEH RO BETHEE R R, X
RO T AL A, BRSO T B Y S 2% Ok
Rt

98 ZAE ML IR IR AR 5 Z 4120 —
FREE S E, 5 F FMG L AR Y leptin AZ K45 &
Ja, HEAAE S REBCRER, TS 2 AR &
PR 2B S D B 7 S S s R G EZ S T S
N BA & R TEM, FEEHREM. Bnne
oo WPRX —ine, MR ELHMWIAIWILN

[ K P2 % 2 32 /) sponsored by China Society of Fisheries

() Re Wi 40 ML 7= A . FEARWESE Y, leptin A 5 IR
h2e R RIAREA, HH AR R D R G E D
Fik, IFEHMAL P RERK ., M REK
1 XA 46 7R O il (Takifugu rubripes)®™ ., P9
W % (Oncorhynchus mykiss)™ . & 8 " F0 K 74 1
fif: OO b o A il . AE B FRLA A BE A (Epi-
nephelus coioides)™ ", JIFHE 98 & 3L K & 35 K
K KIER S EAERE G SA R A, mlksh
98 2R BL R R GA KA AR A, X B T
ARERTEH R TR EZRIE ., XMW 5L
B 4510 — 20, HVJRFIE 2 0 2808 8 7= Ak i) 2
HRAE ™, X T2 SR TR A RN L 3 B B i 4 2 —
FE, IR 2 28 5 1 g o i A7 R A

R T2 TR K BT leptin A TELA R
BTy RBEL, LR 7 2R T
leptin A mRNA Bk 281k, RN, ik
Aia 0 h i, AR Y leptin A F ik it i
E T XA (P<0.01), H AR LY leptin
A Rk A B A B A, (R B4 A
APTREAR; 24 hinf, AR LLRY leptin A 3235
WS EE AL A eSS, (A2 leptin A
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PNEE

RN B Epinephelus coioides leptin A
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FUERARGLETFESLGGVLEAST
RARGLETLESLGGALEASLY:

B Mus musculus leptin

v@ovirsuescuvijorangrenifonfrLarsks
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0TSGLOKEESLIGVLEASL rsrﬂvusrssn

FEMMDELETC
MOELIDNL
ostlsv
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WENQRE4E  Tueniopygia guttata leptin  wrngrrofsfirirenreapprragvanoiefirfsinntBrecerpBDERERFEARLAERRHTVA gcro 160
consensus

KEIRE  Microperus salmoidea leptin A &.. .. ...... Bty 161

% © Channa punctata leptin .. £2.10% 159

F&8Uli - Morone saxatilis leptin iy 161

ﬂ'ﬁ?ﬁ f@ Epinephelus coioides leptin A prpe 154

i ICHRE2  Trachinotus maculatus leptin A A7.04% 161

1et  Lateolabraxi maculatus leptin A &. ”:51% 161

Siniperca chuatsi leptin A &, 02899 161

Wl Dicentrarchus labrax leptin & . 81.48% 161

Homo sapiens leptin  vruspec. . .. 24190 167

M Canis Iy, lfusfamlllans leptin  yryspec. ... 26.07% 167

M Felis catus leptin - yesspsc. ... 25.01% 167

nﬁﬁgﬁiﬁﬁ Thunnus thynnus leptin Ciuiiiaiis TL78% 160

f4 Danio rerio leptin A pgrric. .. .. 25.43% 166

3”:#JUTU!JE‘ Xenopus laevis leptin S gapparTrc. . 20,978 169

B Mus musculus leptin -~ yovsvec. . .. 28 574 167

ﬁfﬂ'@ﬁé Taeniopygia guttata leptin -~ s¥arcLEcVER 30.56% 171

AR IR T LX) Rl leptin & FE

consensus

Bl 3 leptin S EELFF 5 [E)JR M EL Xt

RILF5E4a 8, Bl Ron — Sk

Fig. 3 Homology comparison of leptin amino acid sequence

Black indicates almost complete consistency of leptin amino acid in all comparison species. The lighter the color, the lower the consistency
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The number of branches represents confidence
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N3 Homo sapiens leptin
NEB Mus musculus leptin
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Tissue expression of leptin A gene in Micropterus salmoides and
its response to acute hypoxia stress

ZHANG Dongmei, ZHAO Liulan, LIU Qiao, HE Kuo, LIAO Lei,
LUO Jie, SUN Junlong, YANG Song"
(College of Animal Science and Technology, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: leptin is an important hormone involved in the regulation of feeding, reproduction and energy consump-
tion in animals, and it also can maintain body energy homeostasis by curbing appetite and promoting energy meta-
bolism in vertebrates. Most fishes have the double leptin genes. In this research, the coding region of leptin A was
cloned using PCR reaction in Micropterus salmoides, and the results showed that its open reading frame (ORF)
was 486 bp, encoding 161 amino acid proteins. Compared with other species, it was found that the conservative
property of leptin in Perciformes reached up to 91.46%, there is almost no gene specific mutation site in leptin A of
M. salmoides, and the amino acid sequence of leptin A in M. salmoides had the highest homology with the Sini-
perca chuatsi (92.59%), followed by the Lateolabrax japonicus(89.51%), Trachinotus blochii (87.04%) and Epi-
nephelus coioides (83.87%). Then, leptin A gene was also detected to be highly expressed in liver by fluorescence
quantitative PCR (qPCR), subsequently in heart, head kidney, brain, middle kidney, intestine, spleen, gill, muscle
and gonad. In addition, acute hypoxic stress was designed to detect the expression of leptin A [(1.2+0.2) mg/L and
(3.5+0.2) mg/L]. The results showed that at the beginning of hypoxia, the expression level of leptin A in the
extreme hypoxia group and the moderate hypoxia group was significantly higher than that in the control group, and
this indicates that acute hypoxia can induce leptin A expression in liver. In summary, leptin A of M. salmoides has
the highest homology with Siniperca chuatsi(92.59%); leptin A was significantly expressed in the liver of M. sal-
moides; acute hypoxic stress can significantly induce the expression of leptin A.
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