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Ghrelin is a growth-hormone-
releasing acylated peptide
from stomach
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Small synthetic molecules called growth-hormone secretagogues
(GHSs)'* stimulate the release of growth hormone (GH) from the
pituitary®’. They act through GHS-R, a G-protein-coupled recep-
tor for which the ligand is unknown. Recent cloning of GHS-R*’
strongly suggests that an endogenous ligand for the receptor does
exist and that there is a mechanism for regulating GH release that
is distinct from its regulation by hypothalamic growth-hormone-
releasing hormone (GHRH)**. We now report the purification and
identification in rat stomach of an endogenous ligand specific for
GHS-R. The purified ligand is %eptide of 28 amino acids, in
which the serine 3 residue is n-oct¥noylated. The acylated peptide
specifically releases GH both in vivg and in vitro, and O-n-
octanoylation at serine 3 is essential for the activity. We designate

the GH-releasing peptide ‘ghrelin’
root of the word ‘grow’). Humag
ghrelin apart from two amino aci YAZ—F3]
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both rat and human indicates that GH release from the pituitary
may be regulated not only by hypothalamic GHRH, but also by
ghrelin.

ATy i ot Tncrease [Ca 3], (Fg. 25). Moreover, RP-FPLC
hat matural gheln ciled about 10min later than the
synthetic 28-residue peptide (desay ghrelin) (Fig. 2a, top and
middle panels). This indicates that e n naturalghrelin mst be
maodified by a hydrophobic moicy.
To identify the hydrophobic moiety o'{ aser 3, we subjected
puified ghrelin to lectrospray fonization maSsepectrometry. The
elin was 3.314.9 = 0.%4126 mass units
i soquence

Fracton.

Figure 1 Ge iraton of Sephadex G-50 {ine) of SPI fraction from 40 rat tomach,
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Active fractons were eluted around 44, 3,000. ¥, void olume; I, tota volume,
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Figure 2 ertiaton of the r-octancy| madficaton i gl a, Chiomatographic
comparson on RP-HPLCofnatural ghren op pane, Syreic ghvl and desac
ol (il pane), and co-miration fnatraland syhetc ghein (ootom pane)
Black bar indicates (Ca®]-increasing activiy top pane). Desacy ghrein is a synthetic
28-rosiue pepide (X = Ser, WhiCh has the sequence deduced fom cDNA nalss
appled ona Flow rate,
“ mimin-! Sokent system, a ineargradient ution rom A 10 Bor 4D, Hy0: CH,ON:
10% TFA for A was 90:10:1,for B, 40.601 (). Natural gl co-migats with
yntheti ghvelnnthe present cocitons otompane). b, T coursesforchanges n
i aural hveln,
gheln.Each eptide(10° M) was aded a te time incicate by the arro. ,Stncture
of et gheln

#4 © 1999 Macmillan Magazines Ltd 57

[3coPY] 498-04822




E MREZE?)

DICIERERE < DI

%
Fhebelid 177

(ByF&A E)ﬁ’)’éﬁ(%%ﬂ‘(%’)

Ml EXKERT B,

ACEHWT, £LTT ADERE
BRYFRAEVTTHHTHEWDE
K Thbd, FEAEDHTEITED
SRR CAERSF—ZIT>TE
BICARERBRVWER> TV
%, BIETIFRLD (WP, BI18

IS ERER R Y
FRAEVTTXEDPT B, LD
EAYAY SYAYRVIN
AE—=RNTHTHEBAL TS,
TEWTOWDORREE KV IEEND T

VyLoN

L) bl

H70IC

ICXo>TfEDN
TWBY T MNETEDRTHS. &
[RlEABE
W7 h&! ] EELZEDBLIEL

letters to nature

antagonist.

identical to

sequence, we desi
(PCR) and amplified a cDNA fragment from rat stomach
the template. The fragment was used as a screening probe on a rat
stomach cDNA library. A cDNA of 501 base pairs (bp) long was

These results indicate that ghrelin is competitively inhibit

Although ghrelin had no sequence homology to an
biologically active peptides, we found
that of rat ghrelin in a rat expressed

(EST; GenBank accession no. AI549172). On the b
igned primers for the polymerase chain reaction
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seq

w28 [2-7 BJ77%#<]
BEANRT S T7EHNT,

lllustrator

being estimated as 2.1 X 10~* M
GHRH.
release, we analysed which hormor
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To confirm whether ghrelia specifically stimulates GH

fof ghrelin and 0.6 X 10~ for

negwere released from pituitary
¢ ptide specifically stimulated
tuitary hormones, even at a
®urthermore, when ghrelin was

ats, only Gl
10 min after injection
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Tbrary under ow-ifingency congilions - lolted human cDNA 2"
was foun sE
4). Aming-acid identities betweei rat and human prepro- ghr(l s R
are 82.9%. Only two amino acids are replaced in the 28-resi g2
ghrelin segment, indicating tha ghrelins are highly conserved Y
between species. We purified hurrgn ghrelin from human stomach B
extract, and verified by synthesis that human ghrelin, like rat ghrelin e
has an n-octanoyl modification A Ser 3 (details will be reported 2| @
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region from the neck to the baf of the oxyntic gland (Fig, 6b-d)

elin-immunoreactive cells i the stomach have the same dis-
tribution as that found using \gagitu hybridization (Fig. 6e-g). The
distribution pattern and morpMflogical features of the labelled and

i nrat

n=6). Taken mguhzr with the fact that ghrelin, when injected
intravenously, induces GH release (Fig. 5c), it is highly likely that
this molecule is produced in and secreted from the slnma(hv
circulating in the blood stream to act on the pituitary.

Althnugh no dexenable nnnh:m Mm signal was observed in

mRN; ig. 6a), RT-PCI
muN,\ revealed the pmem of this &r:ms:rlpt in brain. Immuno-
histochemical analyses performed after colchicine treatment'”
revealed that ghrelin-immunoreactive neurons were localized in
the hypothalamic arcuate nucleus (Fig. 6h, ). Considering that
‘GHS-R mRNA is known to exist in hypothalamic regions, including
the arcuate nucleus and pituitary gland™, these results suggest that
ghrelin in the arcuate nucleus may act on the hypothalamus or be
transported to the anterior pituitan

“Thus, the occurrence of ghrelin in both stomach and hypothala-
mus wil gt 5 e dimensin to the reulton of GH el
Further, our RT-PCR analysis indicates that GHS-R is also
expressed in heart, lung, pancreas, intestine and zdlpoi: tissue
(data not shown). Ghrelin may thus have multifceted rols in,
for example the cardiovascular system*! and metabolism®™. (]

Methods
Construction of GHS-R-expressing cell and assay system

templte. »

and the atisense primeris 3 ACCCCCAA’nuTﬁ CAGACCCAT-3' The amplified
into peDNA GHSR.

G181 H G
Laboratories) at 10°°~10-* M. Changes initracelular Ca” concentraton were measured
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purification o hrelin

M ACOH, 20 mM HCL Peptideswere

an evaporator. The residual oncenrate s subjectd to acetone precipation at 3

which (). The
was washed with 10% CHLCNI.19 TEA, and then cluted with 60% CH.CN/0.1% TEA.

ACOH and then adsorbed ona colamn of $-Sephadex C-25 (H' form, pre-equiibrated
il 1M ACOH. Successivecutions with 1 M AcOH, 2M pyridin and 2M pyridine-
O (501 privded thce Fctons f S, P and P oz ST

48 wer e st by Lo xchang HPLC o courmnof TS 250
(465 230 mn T

the scond CMH

for hybridzatn. Autoradiography was exposed for 1 day. The lonr panel indicates

Gontol b=, Grein expresion nrat stomach (b-g) an brain M, . b, Hidzaton
signals are present fom te neck t the base of the orynt gland. ¢, No hybridzston
signals in d High

w,. HPLC using uBondasphere € 18 (3.9 % 130 m Waters)
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‘Syntheses of rat and human ghrelins
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Cloning of ghrelin cONAS.
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Invitro assay of pituitary hormone releasing activity

btained from 4-wekeold male Spragoe-Diley rats. Afer disersion by collagenise,
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4% paraformaldehyde to incrase the r@munostainin of ghrelin neurons”.

In situhybridzation :
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Central inputs mask multiple adult
neural networks within a single
embryonic network

Yues Le Feuvre, Valérie S. Fénelon & Pierre Meyrand

rcptor e 57, 53253 (195
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T o G oo i AP, AL kL 5 v on, ) Lboratir de Nexrobilgi de Rsenus, CNRS et Univesté Bodas
S i et o o o o 1 | UMR 3816, Biiment 2, e ds Fcés F-3405 Tons, e
3 s eteand | 1t s usually assumed that,after construction of basic network
architecture in embryos',
B N sttt | SiVe maturation to acquire their adult properties’ . We examine
: IR | s asumpion in the conest of he labster simatogast
nervaus sy the lobster, the neuronal population’ that
Extomey 33970 o
[ network that generates a single thythmic patter’. The system
. networks* controlled by
e o sl v 1 155 07 centra descending systems s these adult networks produce
: resten

multiple motor programmes, distinctively different from the
single output of the embryonic network. We show here that the
single_embryonic nework canproduce mltiple_adulike

rcptor S 70, 79279 (195

ol g G5 738 9
12 i .t . A pocn elsing epide i he rin. Narre 39, 73-376 (1958,
N 352, 04 (1988,

Shehromocans. ke, Bipys. Rex Camman, 93, 553-560 (1995

randuon by cuknyotc hosomes ol 4, 243-29 (15661

s b ey st s e i 88

by removal of central inputs, then pharmacologically somied

to restore rhythmicity. Furthermore, restoration of the flow of

descending information reversed the adult-like pattern to an

embryonic pattern. This indicates that the embryonic network
o ha o

ing i i doing so. Functional
adult networks may hezefore not necessarly be derived from

- o 4665~ | result from maturation of descending systems that i pre-
17Ny i iy g s oo | existing adult networks n an embryonie system.

e et preon i, . 1. 3716565 ‘The stomatogastric nervous system, STNS, of the embryonic (as
" :wﬁ\;’r o st “"M‘ st peen s (e ‘well as the adult) lobster, Homarus gammarus, which controls the

thythmic motions of the stomodeum and foregut, respectively,
consists of four iterconnected ganglia, one of which i thestoma-
STG). By

petie, i .. vl s 2, 246272 199

203 ). ( y the STG.
g XAl Dutibton oL e e o contains its adult complement of 30 identified neurons, most of
E o e . In the adult, is organized into

two different networks, the gastric and the pyloric, that are well

Lt

NATURE YOI, 402[9 DECEMBER

#4.© 1999 Macmillan Magazines Ltd

NATURE [VOL 4029 DECEMBER 1999w natare.com

498-04822

SHOBNE | H—w



I 191dey9

PF—R—RNTXEETO>TLBHD
=D SO TN LY EST
TH | EREL T2 RN,
FleF—R—RFNPERIITTTH.
X DRRICIE. HOEARSIAX
BOPFO TV, LOOHMEEI LIS
XBDAZAIINDE DTS /28,
BRRXD ) T T MENTHIOME
ESICHBRBT D EEICIHERERD

SXEEANT D, HDVIINEZ
BRI/ XBDESHALTL
FOTRA L. BREDERITHRW
EB2D7

KU DTED T FADDOWZE
ICREEDL OBV T bEEO TR

XEER L TWB DD ZER N T A,

LIF. 20550 5 £0EE,

& E

498-04822



ZOEDICT—TORKIFEAED
HlE Word ZFERLTLWSH. IO
fERIC lllustrator Z > TLVzDld
1 %07z, Fi8@Y) PowerPoint

EEOTHERIL TWDADED DT,

£7/2Z D5 %LI4L T Dropbox %
EOTWBAEDEED WD 4>
TAVANL=VIKIFEAEDIRE
EPFEOTORN. RYFRAEY
IPTEBHEREZF >TEATL
nzDE. bELDOMRED X >
IN=BISTIE 1 N7z, $FHL
EHE2EZLDHICHNTAHATEH. B
CROBMERICRDTEDD.

T ZOXRDEMIE. KRRICH

TEUDRRKR L 7ZamXDIERICHE > T,

DR S KX XBDFEEA. &
BAZ7 71 IVOEYFETE, TE

DXL TH%B.
ZOARTERLEEY T MEITANT
Mac hiz (OSX10.9.3) @

@ lllustrator (lllustrator CS6)
@ Photoshop (Photoshop CS6)
® Word (Word X for Mac)

@ EndNote (EndNote X7)

® Acrobat (Acrobat 6.0)

THhd. INHDVT ME. AF
HBELZL. RXUERDIZDICRD
RE2Z—REDE. LPL. ED
VT NEHEDZ . BEAREDDE
L TETHIARICEAZNZL]
[MEVWCBREBRWVNEREIDE LG
We LD L. BIEESUERICED 72
T 51 TNFESHEERFENA
FREL L EOINEHEEIZT L
RENTWVWEHDT. REVAZ—T

BREIEGFIDEERICHAL. KEIC
FEDRXMERDEZICT SICRU

498-04822

BDISEERL, BOLUTOETED
ZERRRELTRLLY,

SHOBNE | H—w



