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& ghrelin ZEEN S FRESEHASTRERRIEEIER SR

1 e 1* s 1 > 1 2 o, — 2
% OF, ZRE, WEH, HEE, IERS, Ex§
(1. FHEREFE AR TR AR =R R IR S 5280, R 201306,
2. MLHRITHERH WK FMFEFG, 175 =i 215221)

ugs

WE: ghrelin £ — M EBRHEAMBELRAT LRI REZHEA N RTIK, BAHHD0WE (R
TEF o523 F) IR 52 I R 3K 13 T 3 & ghrelin 2 B 49 cDNA 7 7| 72 DNA 7 7|, £ # cDNA
T 7 2K 506 bp, &4 90 bp #y 53 3F 4% A5 X (5'-untranslated region, S'UTR), 312 bp & 7 % 7]
¥ 4E (open reading frame, ORF), L % 104 bp #) 3'3% 3F 4% %% [X (3'-untranslated region, 3'UTR).,

TF A VR B AE 4 75 B 103 N B LB WY ghrelin BTARIK, 2 W T B R4 H 19 N2 3B 19 K
K, REBRFTINONERTE TR, £ 4 ghrelin 57 F & % ghrelin I E &5, M5 HE A
METH AL DU BAK, B ghrelin R K N 3% B <3 M B0 (active core) Ay #E AL & K B
W8y GTSF R, 5§ K% 5 & @ K ghrelin 2 R &4 [E, ¥ & ghrelin 3£ H 443 4 4>
ShEFAn 3 A A4 T .7k E B PCR A 2| ghrelin mRNA K & oA T 3 & oy 3 i Ao J, o
B ORF. LA, E FedE L ] 4 ghrelin mRNA 447 . ¥ @ [ fa 7 o Y ghrelin 335 K P74
JEE TR, MAEIMRE R NEKERELKFZES AT, KEEFEREG KT, £V ghrelin 1E

HEEENEENEANFE R FE LI T RIAER.
KIIR: 8 ; ghrelin ;5018 AR AT BAFE

FES%ES:Q785,S917.4

¥ Af (Ctenopharyngodon idellus)3 J& THIZ H
(Cypriniformes) . #f F} (Cyprinidae) . % a1 i #}
(Leuciscinae). fE R R R A, FARHH R H
AR, TR 2 R N B EEEROK SR A
s, AR, Bl AN MAE 2R R o A ) S
B R, DAR TR TEZE S ETt
B 7oK, Hh 4 ER o S L A DL K
o g AR FE NS, 9 R 5 VA 75 O F 5 18 A
XA

EEAEAZE, L2 TAEA BN E
PRPRT A Y P AR A AR, R AR
BERT TR R E IR B, B SRAb AR R, AR TS
A G 2B — RANF R B i R —28T
AT T A REAE LA R Z K, XL
FERTHE W, TEERT T Rt iy

ks BHA: 2012-01-05 & B H#A: 2012-02-20

XHERARERD: A

WX, EdEE ARG S R, S R
PP R M Ik T S PR R, —Fh A SR e it
1 F (orexigenic), 5—F U] #5% £ (anorexigenic) .
ghrelin 214 K BLME——Fl AT S e JE4E Y
Wik, I /NEE R e aieis 2], BAT 28 4
FHRRC, B SRR, ghrelin 1 WA
i, BAREUAE T ILEE R % 4 AN R
() HRAR SN RS2t ghrelin 155, YA BEME IR E
A A B RS, BRI ZAb, ghrelin e HE
Y ik K Z R A I RE, AR KR
(GHYRRIL, 255005 N 24 Fis i FE R 15 401
ABEFEE R GERERAG T H A ghrelin FE[H Y
cDNA 2K JPHNFFR I FER A P4, T H T T
Fe 40 534t B 2 A ST s R TN, ] R ) ] S 258
T PCREIAR, X ghrelin FERTER 45 AU AR RN

FENE BRI =ML AR AR R 8 B % I (CARS-46-04); VLR BHE X AEI0 H (BE2008321)

BIEE : 2K, E-mail: jlli@shou.edu.cn
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S 1 36 &

RS AR R IB AT TR, DU
ghrelin 5K SINRERIIRTY, PRIWIRGIA IR ERE fde £
PR AR AV E I AR, Ay S R Rt 4
e R g A £ PR A R PRI AR
U BPRHS I
1.1 SEeHH

I T 2011 4F 3—5 H#k 7. Ui 2 i A4
EESIN TN &SP IV U M SR N i)
35.7g, IR 12.4 em. B8R RIBCT RS KT
BEALFIR . SRR E S, MLAE SR,
DAIE N FRAR GRS . BRI, AR fITE 26~28 °C,
JERE 12 h, BRUGERN M, HEAEED 40
o BRI 12:00 BRI, —RPERR G ik
MF R 4%~5%, 0 30 min J5 R HRIAYIRL .
1.2 ghrelin cDNA FnE[E4H DNA F 331

AL RNA M DNARE  BEVLIEBUAE Ffh
2~3 JB, AR T HFBHKWE, R0k R
IRHE, T-80CH A RAF# M. 1 TRIzol RNA i
7 & (Invitrogen, 32 [E), 4351 M\ o F1 i B 42 R
RNA, A:[H4] DNA $#2HCRH] DNAiso Reagent kit
& (TAKARA, Ki#%). H Nanodrop ND-2000 C
SyIEERETTINE DNA Fil RNA e K4, 2
WEEERE B UKASIN RNA e

ghrelin cDNA FEFERY 18  HL ODasonso [b
{EAN T 1.85~1.95, ELEERHIKARINJCREAR .6 RNA
2 ug, 4 PrimeScript RT-PCR Kit i{jf| £(TAKARA,
FBE) U sA i cDNA 35—, MRC A4
VIR ghrelin BRI G X ARSFIF S0 HRE S-S |
Y1 PL. P2, DIRHGst G UH) cDNA SNBARY 1
ghrelin P 18] v Bt o 750 8 ] 2xTag PCR
MasterMix(KA, dbat), ¥ ARG 2 x Tag PCR

MasterMix 12.5 pL; FFES 14745 0.5 pL(10 pmol/L);
cDNA Hitz 1 puL DL RGEIK 10.5 ul o 338 440
94 CHIZAENE3 min, 94 ‘CAEME30s,56 CiB k305,
72 ‘CHEff 1 min, 3£ 30 MEH, 5 72 ‘CLEM 5 min,

I SR EF S Y18 HR A 2 3R 151
cDNA "] B, 40lli%it 3'RACE #11 S'RACE 455%
5141, 3'RACE &/ RNA PCR Kit(AMV)3.0 i
A(TAKARA, Ki%), L2 ug Al RNA Wi, £
FUEESEASAFISE cDNA, BU 1 pL cDNA 1Ry 1t
Meo § 320N 94 CHIARYE 2 min, 94 ‘CAEHE 30 s,
55 CiBk 30, 72 ‘CZEff 1 min, 3L 30 AMEHR. 5%
147 ] SMART RACE ¢DNA Amplification Kit ix;
F£x(Clontech, 3E[H), LL2 pg Fill RNA Akt 5%
5E 5-RACE-Ready cDNA. LIEI514) UPM, NUP
FISERERST S |9 P4 PS HEAT#L20 PCR. %8 PCR
HU 1L 5-RACE-Ready cDNA {46, ) UPM, P4
J51, YA uTE: 94 “CAEME 30 s, 72 CHEfii 2
min, 3£ 5 MR, 94 CAEME 30, 70 CiRK 30 s,
72 CHEf 2 min, 5 MEFR; 94 CAEME30 s, 68 C
Bk 30 s, 72 CHEMf 2 min, 340 MEFF, 54
PCR LA %E PCR A5 I B 100 f5VEMsitR, LA
NUP. P5 5|kt 4, ¥ &0tk 94 CAEM:
30s, 68 “CiBk 30's, 72 CHEH 2 min, 3 30 MG,

HEREYA DNA ¥ K& PCR =¥ F 1
cDNA 4K Ihl -, DIFEFY] DNA IR, F 39E
Yt DR SR X AN RS 1) PO P7
PG ELN A DNAL I 15 J5 09 B (1 5545 23 E b
EE E, %% pGEM-T(Promega, 3% E)7alE#,
&, PIEFEL DHS o JEsZ A AN A S VA & 2R 11k
PEPVERE SR, 0K LB e AR BAPE sE ke, ik 2
5 AN PR RN . AR S2IG B 51 P 2 At
Primer 6.0 #4511, 51901 W& 1.

&1 AT ghrelin cDNA #1 DNA IR AT RAEE PCR 89514
Tab. 1 Primers used for amplification of cDNA sequences, DNA sequences, and quantitative real-time PCR

B|¥ 4 FK primer  5|#){CHS for short

514731 primer sequence

5P usage

Ghr-F P1 5-GCTCTTATGTGCTCTTTCCTTGTG-3' ghrelin cDNA H1[a] - Bd7-1i4
Ghr-R P2 5"-CCATATTTCTCATACTCTGCTTCGC-3' partial fragment amplification
3'RACE P3 5" TGCTCAGAAACCACAGG-3' 3'RACE

5'RACE outer P4 5" TCAGCAGCATCTCTTCTGCCCACCCGTGG-3' SRACE

5'RACE inner P5 5" GCAGGACTGAGAAAGCTGGTGCCGCCTCT-3'

intron-F P6 5'-CAGCCATTCAGAGTGTTGTCAT-3' ghrelin S 2 DNA §1%
intron-R P7 5"-TGATTCTTGTAGGACTGGTAGC-3’ genomic DNA amplification
qPCR-F P8 5CGAACTGTCTGTGTCTCTGA-3' ghrelin YOGE TR PCR 514
qPCR-R P9 5'-TGAATCTTGTAGGTCTGGTAGC-3' primers for gPCR

Practin-F P10 5'-CGTGACCTGACTGACTACCT-3’ PIERNSEIY
[ractin-R P11 5"-GATACCGCAAGACTACATACC-3' housekeeping gene primers

http: //www.scxuebao.cn



54 Wk B8, 4 HLfA ghrelin JEIN 71 v -5 AL A S LB B0 45 4 T 3 A 665

1.3 KL ghrelin mMRNA 276

iz F 52 B 5 i A I B R KW ghrelin
mRNA 7£ 525 AU ) 234 1§ L . H TRIzol RNA
1A & (Invitrogen, SE[E), 703 Mk, ATl .
JE7;7/0N0 = N1 N S [~ I Y N 75133
LR RNA, 4 PrimeScript® RT reagent Kit With
gDNA Eraser A7 & (TAKARA, Ki%) %6
PA%E cDNA.,

AL EA B-actin cDNA(GenBank &3k %5 .
DQ 2110 9 6.1)FIE FRIG AR £ ghrelin cDNA JFH1115
SIS IMIEE 1o LL 6 A 5 R ERSERRN
¢cDNA (5°, 5%, 572, 573, 5%, 57 fE ek h
PIBREERE, FHFhRERNZZ . R Ga R Sext it
M2t |yl kAT, HA Y 8RN T
80%~110% . JCARFESRMEY 17 W . 74 1 59
GRRAR 2R M R RAFH5 1A T F —Br Bk
M BeIerE R VIRFR A SYBR” Premix Ex Tag™
(TAKARA, Ki%), 25 uL WK ZRAFE Premix Ex
Tag (2 x ), 125 pL; b F#Es1 %% 05 pL(10
umol/L); JCHIZK 9.5 uL; cDNA A 2 uL(50 ng/pL).
SN BN 95 CHIAEE 30 s, 95 CAEE 5 s,
60 ‘CiR K 30 s, 72 CHEff 30 s, k40 MEHH, T
72 CHEAPMIIEDOUE S o ¥ IS5 Al AN i ith 2k
(60~95°C), HFEIE MR - St AR
E3ANER, UL B- actin WS, FHX L
HEIE AR EAANE Y ECR)T . i B
TAE CFX96™ real time PCR il £ 4t (Bio-Rad) |-
SERL
1.4 HERYIEKHE ghrelin RizKkFELT{L

¥ 240 BRI ARENL LR 6 6L, HEL 40
. iR AN R AR 3 A EE . RIEIFURRTL
HE 2 JEAIE R, RS S A T, My
A FRH BRI, KA 12:00 0 B, $E0R
R Y 4%~5%. SERIFIR)E, X5 R —
PRI, BRI SCI0 A5 RO T4, X A2 e
SO MR AR, A KA 12:00 2 I, $em g
A7 RMA BT 4%~5% o RAEI ]S B AT : —1 h(#%
MG 1 h, 11:00), 0 h(#ME S5 30 min, 12:30), +1 h(#%
WSS 1.5 h, 13:30), +3 h(# M5 3.5h, 15:30), +5h
(FMEJS 5.5 h, 17:30), +1 dAXMES 1 d, 12:00), +3d
(5 3 d, 12:00), +SAERMYE 5 d, 12:00), +7 d($E M
J& 7d, 12:00), 755 BORERFELS, 330 3 A4

KGR 3 A, RRIS RO AT, R
T B (B AT AT 25 9 D o A HE, BA 3
AR RRZHGT R4S 3 e, FIRERA S Heanmi
RE T EABIREUES RNA 5% cDNA, 96
S RS2 N, 25 QN2 2R3 A3 A Aol e ik
AFEAIE 3 ANEHR, U B-actin NS IR KT
) /5 B R R K LA SR 2H 0 h(# MRS 30 min,
12:30) - Rk K- S e
15 HiEsSH

H ClustalX2 B T2 F 75 XS, SignalP
4.0Server (http://www.cbs.dtu.dk/services/SignalP/)i}l
THESRETI . R AR %72 (Neighbor-Joining method,
NIFI MEGAS.05 ¥ R 58K B W XT38k
7 Relative Expression Software Tool 384 v.1(REST)
WA . B R 27 225397 (One-Way ANOVA)
FNZ2 YOS HAG 50 53 Bt He B 2H AN BREH k7K1
MZE5E, P<0.05 SN ZER R . Bl IFIME +
FrifEiR 2% (mean + SE)FEIR .

2 ghR

21 ZESFIISHT

¥t ghrelin cDNA(GenBank No. IN809239)4>
£ 506 bp(&l 1), H: A 52HE (open reading frame,
ORF)312 bp, H:4mf% 103 2 FEHR . N-3i ) 26 2
LA AR ghrelin HIRRKIO(E 5 K (26aa, Met' - Gly™),
BHAESINZIGH 19 AN HERRA I ghrelin JRE
Jk(19aa, Gly*’ - Val®). Eitt ghrelin BKEE =4 22
LR (Ser ) A AR MBI IB IR AL, 55 T M
K “TEMEHL” (active core, GTSF)HYFAEE . A
JIK C-Si Ay P LR A4 BT UIANIN T2 25 (GRR), 7351
BT 12 DFEE 19 NMEAERZ G, Wt ghrelin
DNA(GenBank 53555 JQ247040)fu 4% 3 A~ &+
M4 AT 1), 3 ANE T 134, 85 Al
218 bp, FFAE T P S (Y BT H LR R A7
AL (GT/AG) 5 1 MME 71 204 bp, 133590 bp
(SRS X (5" UTR), FEEIFA AR5 S Kk
KB AR 26 2 MM K 81 bp, BT
7 AR IR AR C-un2d R . e 2 14h
W1 221 bp, WG HA MR ZRIETTRG 5 (AAT-
AAA) 35 E R IX (3'UTR).

E A ghrelin B FE TR ¥ 51 5 AW AE S
ghrelin ZIEIRIT A I LT ZE UK 2 i . 5
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666 KoE OF 36 &

act att tet gtg ctc tat aca atg tat fit taa gat gea gec att aag agt git gte att aaa cag aac taa acc ggc tga tit coc agg ATG CCT CTG CAC TGC CGT 108

MELILLLE 6
GCC AGC CAC ATG TTC CTG CTC ATA TGC GCT CTT TAC TTA TGT CTC GAG TCC GTG AGA GGC GGC ACC AGC TTT CTC AGT 186

A S H M _F L _ L T _C A L Y L C L E s V R _G C T .l-' L S 32
CCTGCTCAGAAACCACAGgIgagc a.rafmcragrgga?gnmgagrrrgfrrggagraaacm anaraagaacrmamagrrtgrmaga ftacat aaa tic 204
P _A O K P _O 8

atg ctc ama gic tg gaa tea gat ata teg tgt cec att tta ag GGT CGA AGG CCC CCA CGG GTG GGC AGA AGA GAT GCT GCT GAT TCA 334

P P R V EEMR » A A D s 53

GAG ATC CCA GTG ATT AAA GAG GAT GAT CAG TTC ATG gtaa aac cic aat gea agt gea cat fta aat agg att tea gaa agt tac ta igeagt cat 430
E I P V I K E D D Q F M

act tg te tea ctg cet git tag ATG AGT GCT CCG TTC GAA CTG TCC GTG TCT CTG AGT GAA GCA GAG TAT GAG AAA TAC GGT CCT 567

M s A P F EL s V s L § EA E Y E K Y G P gg

GTG CTG CAG AAG GTT CTT GTG AAT CTT CTT AGT GAT TCT CCA TTT Ggr gag cta aac tct tga tec aaa caa gla act aig aaa att cac tat - 660
v L ¢Q K vL vV ~NL L § D S P F 100

E£aa aaa {gg cgt tta atf tcc cag aaa aag fec gra fit fta aqag aac cct aaa aac taa agg tge tic cig fca gaa aat tet tea agr cac cgr HE g tat tig aat aat 774
fit agt gtt cig caa act aac taa tat act aaa gt att tie teg tit 1t tit cag AA TTC TGAc aag age tac cag tec tac aag aat caa ttc cft ata aat caa aaattatte 891

E F * 103
aaa aft taa atc att ttc taa cag caa it gac aaa ata aag gat gac aaa ¢ 943

B 1 E&ERLE DNA ZHERFS
KRG, INEFIRHA TR RIFIRIT RO EAE, AERS X LA A& T3 o X At SRR & TR T 0. HUBZFOR(E S IR,
HHLIZER R IR DX, 10 B 52 100 8] 2 73 e PR EL VB IR A I AN A5 5 = A2 3R - S00E IS R0 AN B VRN T 2 ( GRR)
IHL R N 5 T8 BRI B s (R AL 15 ( gtfag) . ZRITIRIFZ FNUALIRIE( AATAAA), RSFRLILEHT .
Fig. 1 Nucleotide sequence of the grass carp ghrelin genomic DNA

Upper case, lower case and small italics are used to indicate the ORFs, 3'- and5’'UTR and intron sequences, respectively. Corresponding amino
acids are given below the nucleotides. Bold dashed line represents the signal peptide region. Mature peptide is underlined with bold solid line.
The third serine residue with potential acyl modification in mature peptide is circled and shaded. The highlighted boxes proclaim the putative
cleavage sites and processing amino acid sites. splicing donor/acceptor sites (gt/ag) are in bold. The polyadenylation signal (AATAAA) was
double underlined. Asterisk indicates the stop codon.

grass carp AADS 53
goldfish 1 ImeRAsmmucalechvaclTs-AIEmcn R VAEP 53
carp 1 sFLLLCAL sBcvESvRGRTSRINR - BRPQGR REPRVGRRD VAEP 53
el 1 o avrLLvevialinm Svo A8 SEIB s BrPackD-——-KKPPRVGRRDSDGILDLFMR 61
dlapia 1 JLERRNTCLLAFLLCSETINCKS TS ARS SRR SHRPQNE——VKSSRIGRQA———— ME 52
seabass 1 [fFLKkENTCLLYVELGSETHNCKSTS ABSSHBN @kPQ SR GRSSRVBRQT-——-— ME 52
human 1 F—PspervestiLcufiioL s SRIBREHQRVQVR————PBHRAPHVVP———  ALPLS 53
emu 1 Brtrc—aLLviLLFs-viNTETTL ABSSRBRD YRK1QQRKDPRKPTTKLHRRGVEGFSDTDEA 62
bullfrog 1 B--NFGRAATRGYVLFCLINTEG AL TREBBADOKTAE———RQSQNKLEHG-—————-  NMN 52
grass carp 54 BIPVIKEDDQFINGAPREL sWsLsEAEvERTGPvEQrvL VL fspSPFEF——— - 103
goldfish 54 BIPVIKEDDQFIMSAPREL SVSL SEAEYERYGPvLQKVL VWL oD SPLEF-————-——-————- 103
cap 54 BIPVIKENDQFIIMSABREL s¥sLsEsrvERYGPvi@NvLGNLfspPPLEF-——-—-——--——— 103
cel 62 PPLQDEDIRHITFNTPRE IGI THTEELFQQYGEVIQK QDL B TP AKE-——————————-—- 111
tilapia 53 EPNQANEDKTITL SAPBETGWTLRAEDLADY IVELQE TvQRLIGNTETAERP SPR———-——— 107
seabass 53 EPSQPTENNHITISAPRE IGWTVREEDFEEYGVALGE T 1QHL BGNGDTAETPPQL-———————- 107
human  5SMQLCDLEQQRHLWASVSQSTEDSGSDLTV SGRTWGLRVLNRJFPPSSRERSRRSHQPSCSPEL 117
emu 63 WAEDDNNSIETKFNVPREIGVKITEEQTQEYGQULEKVLGDIMEENTRE TRIKN-————————- 116
bullfrog 53 RRGVEDDLAGEEIGVTRPLDMKNTQEQPQRQRAAVADFLYSSIL SLGSVQDTEDKNERPASQ— 114

2 BN ghrelin S EBRFFIEL ST
GO IR AE ST G128 YRl b X AR R Y @R AL, RGBT FORTE—R DL EFr s A Al R R @R AL s o 781 B LSRR3R
ghrelin JEARIX I o
Fig. 2 Amino acid sequence alignment of ghrelin in vertebrates
The solid line above the sequences indicates the matuer peptides region. Amino acid residues that are identical among all species are densely
shadowed; those residues conserved in more than half of the listed species are lightly shadowed.

STEMESIYIARIR, Bt ghrelin KSR PO AU feren, SR, 4 fa ZE AR RUE 435035
EMURGSSE SR, TRCGTSF . SUERFS  FIT 96%, 98%FI 99%; 15125, PIRIAAITLA
TR R, B ghrelin FITEE 25 ghrelin ghrelin P ARRLEE D] 3K 3 #AIG, Hodp DA 5201
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54 Wk 55, 2 wfh ghrelin LN 7> 1 vi 5 LU0 OB B P4 20 i 667

AL e i (RS 65%, MBS : 67%). LAEHEShY)
ghrelin ZEER T I RGE K TN, HIHFIES
GGG R EEA 8, a2k 5
Z L LR IL A R — A K43, X T fa
FFPINISE IR BN 53 32 o BB 02850 30 v, Hifh
SHE B AR AR R R, RN B
Gy3C, %Ay TG HAMEE A AR R R,
Fith 5 A& TIRoK S ALY H a2 ML R,
1755 1 7K F 2 e 1 6 6 5 f9 AR 005 A X A
i, 7E— @R b e 1R K (28 2 [ AE e 1Y
P22 5 (18 3).
2.2 EfALAd ghrelin mRNA 2%

P 2H b v it 2 1) B4R [l E A O ZR 500 i R
R (ghretin=0.997 F R*(paciiny=0.999; IR (E) 2
AT LS P 3 R (E=100%); b 1 il 268 R A T

=3.19~-3.24 X1 L5 R B IR ghrelin mRNA TEHL
RN Z, MiE . Bk OIE. LA EE.
JHFIIE . SRR SR U RERT I S ghrelin mRNA, H
TR FRENY ghrelin Rk FE e, 5. .
JEREFIILA R Z, B3 Rz Bk v 9 2B A AR XA,
HE P AN FR(E 4).
2.3 HEMYIEMER ghrelin Rikk T
SXRRAA L, Al ghrelin FRIBANK RS G
TIRREER, BERERIKE TR TIE 5 %, H R
F—HIELL PR FHUNT . MBS 3 h A,
ghrelin FB I IRGENG NI T BlA VLRSS 1] ) SE 4
ghrelin FIRKE-BETHR, BoafE R E#RRK
e, HENSZIRESH ., i ghrelin 363k /KEAEHENSE
B BT LU AECT AR, SR 5 R IR AR B2 A
ANIEREAS, VURRBY BOWAT /NE T (B 5)-

-_,rlg_l' Atlantic salmon GHRL-1(NP_001133057.1)
100| Atlantic salmon GHRL-2(NP_001136181.1) #% B
rainbow trout GHRL-1(BAD02980.1)
72" rainbow trout GHRL-2(BADO02981.1)
European seabass GHRL (ABG_49130.0)
orange-spotted guouper GHRL (ABC69146.1) KA
98 [Mozambique tilapia GHRL (BAC55160.1) Pcf-cifomlcs
1{]0I Nile tilapia GHRL (XP_003441511.1)
Japanese eel GHRL (BAB96565.1) |
[Atlantic cod GHRL-1(ABX44662.1
1(}0| Atlantic cod GHRL-2(ABX44663.1)
channel catfish GHRL (BAE030198.1#
zebrafish GHRL (ACJ76436.1)

Salmoniformes

L]
Anguillifomes

)I #E3¥ H (Gaddiformes)

#47E H Siluriformes

99
100 [ grass carp GHRL I
SSJ: common carp GHRL (BAF95542.1) Cypriniformes
7 goldfish GHRL(AF454390_1)
cattle GHRL (AF350329.1)
A o
66 mouse GHRL (BAB69857.1) iFL3h Y
Mammalians
human GHRL (ADM33790.1)
] lizard GHRL (XP_003224934.1)
72 .
100| red-eared slider GHRL-1(BAD29370.1) '%gﬁlj?
98 L red-cared slider GHRL-2 (BAD29731.1)
95 —— emu GHRL (AAQ56124.1)
82 { goose GHRL (AAQ56122.1) 52 Avians
99 wild duck GHRL (AAQ56123.1)
bullfrog GHRL (BAB71718.1)| s
. Amphibians
blacktip reef shark GHRL |

92 '| (BAF33105.1) BHfam

— 100 hammer head shark GHRL| Chondrichthyes

0.2 (BAF33106.1)

B3 ET&EHRNY ghrelin EEBFIIMEN ARG L ER
AR R F 2SR B (B =1 000) 30, HLAIRFNTY SOBUE A AR B AR T A A4E
Fig. 3 Phylogenetic analysis of grass carp ghrelin with other vertebrate species based on amino acid sequences
Reliability was evaluated by the bootstrap test with 1 000 replications. The proportional scale and panel point numbers indicate the substitution
rate and the bootstrap value, respectively.
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36 &

E

701 Il

|

GRLN #1x%]
relative expression of GRLN

0.51 ’ll
0.0 L == I5g I8 ~B I o o

BR FG MG HGKD LV SP GL MC HT AB SK
14 tissue

4 Efa ghrelin mRNA A48 45 %
FLALIRAAIXS R IKIKV- LR R IA S IR SR AP +
bR @R . BR, Ik; FG, Hils; MG, ''l; HG, J5M; KD, 'H;
LV, Jif; SP, J#; GL, #8; MC, JILA; HT, LJiE; AB, #5 SK, K.

Fig. 4 Tissue distribution of ghrelin mRNA in
grass carp I-PCR
Expression levels of all tissues are expressed relative to that in the
hindgut. Data are given as means plus or minus the standard error of
the means(means+SE). BR, brain; FG, fore-gut; MG, midgut; HG,
hindgut; KD, kidney; LV, liver; SP, spleen; GL, gill; MC, muscle;
HT, heart; AB, air bladder; SK, skin.

@ % fore-gut
XHELH control

[=TR N O PSR O ¥ I -

AXERAAT
relative expression level
ERRRRHRH R RRARARRHRS

| || A A L = ¥
Oh +lh +3h +4h +1d +3d +5d +7d
O il brain

& %f M4 control

OO O
ohhoxolhro

X R AKF
relative expression level

—lh  Oh +lh +3h +4h +1d +3d +5d +7d
YLRIE] fasting time

5 E&FIRAFET ghrelin 7 &R E S8
TR FRIBEKF
AT R] PR LURAT A 0 h FIRBOKE IS, BS
FORIRIGL 0 B2 25 573 125 ( P<0.05) BUE LIS + FRifEiR
22( means=S,E)E& N o
Fig. 5 Relative expression level of ghrelin in fore-gut
and brain at each sampling time point

The relative levels were normalized as the average expression levels
of treatment group fish at sampling time point Oh = 1. The asterisks
(*) indicate the significant differences between treatment groups and
control groups(P<0.05). Data are given as means plus or minus the
standard error of the means (means+SE).
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Molecular cloning, tissue distribution and food intake regulatory effects of
ghrelin in grass carp (Ctenopharyngodon idellus)

CHEN Yong', LI Jia-le'", SHEN Yu-bang', FU Jian-jun', WANG Rong-quan’, XUAN Yun-feng”

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University,
Shanghai 201306, China,
2. Wujiang National Farm of Four Major Domesticated Chinese Carps, Wujiang 215221, China)

Abstract: Ghrelin is one of vital brain-gut peptides involved in feeding regulation in vertebrates, and is well
known for its appetite-stimulating capacity. Nucleotide sequences of ghrelin gene were identified both at
DNA and cDNA levels, using homology-based cloning techniques from grass carp (Ctenopharyngodon
idellus). The 506 bp full-length ghrelin cDNA consists of a 90 bp 5'-untranslated region, a 312 bp open
reading frame and a 104 bp 3’-untranslated region. The 103-amino acid prepropeptide encoded by open
reading frame turns into a mature peptide with 19 amino acids after posttranslational modification. putative
amino acid sequence analysis among vertebrates indicated that grass carp ghrelin showed the highest
sequence homology with teleosts, and lower homology with other vertebrates. Comparison of the mature
amino acid sequences revealed a conserved biological active core of ghrelin in grass carp. Genomic
organization of grass carp ghrelin was composed of four exons and three introns, which was similarto that of
most of teleostean species. qPCR results revealed that ghrelin was highly expressed in the fore-gut and spleen
with much lower levels of expression in other tissues including brain, kidney, liver, muscle, skin and air
bladder. The expression pattern that decreased in a short period of time after satiation, increased thereafter as
starved time went on and kept at a high level implicated ghrelin in the orexigenic effect, as a signal of meal
initiation, on short-term dietary intake in grass carp.
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