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1 ACATGGGGAGGGGAGAGCAGAAATGAATGTGAAGATCTTGACGCTGGTGATTGTGCTGGTGGTTTCTCTGCTGTGT
1 NN N K e T e S L Ve Y Vs S e G
77 TCAGCCAGTGCTGGTCCAATGGCCTCCACCGATCATAGCAAAGAGCTGGAGGAGGTGGGCAGCGTGAGGACTCCT
19 S A S AGP MASTUDHS S KTELTETEVGSVRTTP
152 TTGCGGCAGAATTCCGCTCGAGCCGGCCGGAGCCAAAGACCTTCTGGCTGGAGGAGGAGACGCCCTCGACCCCGC
4 L R QG NS ARAGR SU OGQRPSG GWRRRRZPRUPTR R

Apelin
227 CTCTCCCATAAGGGGCCCATGCCATTTTAGAGCAAGGCACAGCTTAGAGTGCCCTCCCCCTTGGTTCTGATTTCT p,
21 : 1001bp
9 L S HKGPMPF *
302 ATGCTCTTCCTTTGCCTTGEGEGGCCTTGCAACAAGGGGCCTTTGCTAGCCCAGCCTGAAGAGTGATGTCCATAG ORF : 231bp
377 CACCTGCTGGTTCTTCAAGCAACTCTTCTTCTGTCCACAAAAAAACCAGGACAAGCCACTCACCCTCAGCTCTAC A TTN R EER
452 GAAGAATTGTGGGCCAGGAACGGGGGTGGGGGGTATTGAGCCCGAGCTATCAGATTCTGTCTCTCTGTCTGTCTC NigBE— 122102 B EBERNES

527 TCTCCTCCTGTGGTTTTCCTCATTIGCTTTCTAGAGCCCTTTCATGGCCACACTTCGCATGATGTGTGAGCAGTG
602 GGGAGCCTGGTCTAAACAGTTATAGTCTGAAGCTTAAGGATAAAGCCACAGTGTCTCATTATCAAAATCACACTC
677 CACTTCCATAAGCGTGAGATCATCGTCCTGAGCCCTCTTCTCCTCCCCCATGACACACGCTGCTTTACAGCAGAG
752 GTACATGACTGTTAACTGGCCAGGGTGATCTGCTTCACACGGCGGACCATCTCTCCTTTTAATGAAGTGCCAAAT
827 AGCAAATCTACTCCACAGTGCTGCCCGGAGAAGAAAAGTAAACATGTTACCTCTTATCTTGGGGGAAGCATAACA
902 TCTAACCATATGTGCGCATTTTGCCATTTGTTTGAACATCCAATGTAAAGGCAACGGTAGCATGGTTTCAAGACA
977 TTAGACAAAAAAAAAAAAAAAAAAA




B

iz Falco peregrinus

R R 2SR Melopsittacus undulatus
Y7 Alligator sinensis
Ak Pelodiscus sinensis

H Bos taurus

R 5 Orcinus orca
Ak Homo sapiens
WERER Rattus norvegicus
#i48 Carassius auratus

B 48 Danio rerio
*0 g% B Schizothorax prenanti

FRFULLRS

Apelin

MAP--ATGQFR
MGHRGTEGGFG

LPSLPALGPCSTPAQAHVQ
ws-——-LRI[RAFKVAVIK

E '«EG




1 ACATGGGGGCATTCTGACCTGAGCACA TCACAAGCTGACTTCTCTGTGATCATTTAGGTCACCGATACT T TAAA
75 CACTGAAAGATCCTTGGAGGAATGAATGCCATGGACAAAATGACTGCTGACTATAGCCAAGATGACTACGACGAG

1 M NAMDI KMTADYSQDDYDE
150 ACATTGAACAACTCAATGTGTGATTTTGATGAGTGGGAACCGTCATATTCGCTGATTCCTGTGCTCTACATGCTC
19 TLNNSMCODFDEWEPSYSLIPVLYML
225 ATCTTCATCCTGGGCCTCACTGGGAATGGTGTGGTCATCTTCACCGTATGGCGGGCTCAGTCCAAACGGAGAGCT
el IENINENGEENINGENSGEVEVENINENT YW R A @ S K R R A
300 GCAGACATCTACATTGGAAACCTGGCTCTTGCTGACCTGACCTTTGTGGTGACCCTGCCTCTGTGGGCCGTCTAC
69 A D Y G N I o AT A D | T A VT S P S T WA ATV RY:
375 ACCGCCCTGGGATACCACTGGCCGTTTGGCGTGGCCCTCTGCAAGATCAGCAGCTATGTGGTGTTGCTCAACATG
94 T ALGYHWPFGVYALGCKTISSYVVLLNHM E’
450 TACGCCAGTGTCTTCTGCCTCACCTGCCTGAGTCTGGACCGCTACATGGCCATCGTTCACTCCCTCACCAGCACA IBKF!J
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525 CAGCTGCGGACCAGAGGACACATGCGGGCCTCGCTGGCCACCATCTGGCTCCTCTCAGGTGTGCTGGCTGCACCC

144QLRTRGHHRASLATIWLLSGVLAAP4 ﬁﬁg3594\ﬁgﬁﬁ

600 ACGCTGCTGTTTCGCACCACGGTGTACGACGCTGAGACCAACCGTACCTCCTGCGCCATGGACTTCAGCCTGGTG
169 T LLFRTTVYYDAETNRTSGCAMDTFS SLY '7L/?\iE§§!ﬁ§§i§nz
675 GTGAGCAAACCGGGTCAGGAGACCTTTTGGATCGCCGGCCTCAGCATCTCCTCCACTGCTCTCGGCTTTCTGATC
194 VvV S K P G QETFWI AGLS I S STALGTFL I
750 CCCCTTCTGGCCATGATGGTGTGCTACGGATTCATCGGCTGCACCGTCACACGTCACTTCAACAGCCTGCGCAAG
299 P L L AMMYCYGF 1 GCTVTRHFNSTLTR REK
825 GAGGACCAGCGCAAACGCCGCCTGCTCAAGATCATCACCACATTGGTGGTGGTGTTTGCTGCGTGCTGGATGCCC
244 E D QRKRRLLKI I TTLVVVFAACWNMEP
900 TTCCACGTCGTGAAGACCATGGACGCTCTTTCGTACCTGAACCTTGCTCCTGACTCCTGTACCTTCCTGAACCTC
269 F HV VKTMDALSYLNLAPDS ST CTTFLNL
975 CTTCTTCTGGCTCATCCCTATGCAACCTGCCTGGCGTACGTCAACAGCTGCCCCAACCCGCTCCTCTACGCCTTC
294 I A Y A T G A Y N S C R PN P N R AR
1050 TTCGACCTCCGCTTCCGCTCCCAGTGCCTCTGCCTCCTCAACCTGAAGAAAGCCCTTCACGCCAGTCCTGCCAGC
3%9 FDLRFRSOGGCLCLLNLIEKIEKALHASPAS
1125 TCCCTTTCTTCACAGAAGACTGAGGCCCAGTCTCTGGCTACGAAGGTGTGAGGAGE
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Table 2
Comparison of Ya-fish apelin and APJ sequences with other known vertebrate sequences.
Carassius Danio Salmo Anguilla Alligator Pelodiscus Falco Melopsittacus Bos Orcinus Rattus Homo
auratus rerio salar japonica sinensis sinensis peregrinus undulatus taurus orca norvegicus sapiens
Apelin 95.1% - - 52.0% 51.0% 30.4% 44.1% 53.9% 52.9% 52.0% 50.0%
APJ (A) = 79.7% 79.4% 774% 50.1% 47.1% 52.9% 50.1% 423% 471% 47.8% 473%
(B) - < 95.8% > 81.8% -
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Homo sapiens

Rattus norvegicus
Oreinus orca

Bos taurus

Alligator sinensis
Pelodiscus sinensis
Falco peregrinus
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Food intake (mg/gBW/hours) =

Cumulative food intake (mg/gBW/hours) %
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ABSTRACT

Apelin is a recently discovered peptide produced by several tissues including brain and adipose tissue. In
mammals and zebrafish, apelin regulates cardiovascular functions. Recent evidence in mammals suggest
that apelin might also regulate food intake. In this study, we cloned a ¢cDNA encoding apelin and
examined apelin mRNA distribution within the brain and in peripheral tissues. We also assessed the
effects of fasting on apelin brain mRNA abundance. Apelin mRNA was expressed throughout the brain as
well as in several peripheral tissues including brain, spleen, heart and fat. Apelin mRNA abundance in
both hypothalamus and telencephalon was significant higher in fasted fish than in fed fish. In order to
further characterize apelin in goldfish, we assessed the effects of central (intracerebroventricular, icv)
and peripheral (intraperitoneal, ip) injections of apelin-13 on food intake in goldfish. Apelin injected ip at
a dose of 100 ng/fg or icv at a dose of 10 ng/g induced a significant increase in food intake compared to
saline-injected fish. Our results suggest that apelin acts as an orexigenic factor in goldfish. Its widespread
distribution in the brain and the periphery also suggests that apelin might have multiple physiological
regulating roles in fish.

© 2009 Elsevier Inc. All rights reserved.
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cttgcggegetgtcacacacttgcacacagacatacaaacacattcagccacgcacacacacacatagacacacgcgcacactgaaaagcaaacagtcte
tctctetectegetetegeotcacccactetecteteccteccatccacacacgcacaccactacagtatatcagectagegactggcagggaaacagagggg
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(B) rat MNLSFCVQALLLLWLSLTAVCGVPLMLPPDGKGLEE~-GNMRYLVKPRTSRTGPGAWQGGR 59

human MNLRLCVQALLLLWLSLTAVCGGSLMPLPDGNGLED-GNVRHLVQPRGSRNGPGPWQGGR 59
Xxenopus MNLRLWALALLLFILTLTSAFGAPLAEGSDRND-EE-QNIRTLVNPKMVRNSAPQRQANR 58
zebrafish MNVKILTLVIVLVVSLLCSASAGPMASTEHSKEIEEVGSMRTPLRQNPARAGRSQRPAGW 60
goldfish MNVKILTLVIVLVVSLLCSASAGPMASTEHSKELEEVGSMRTPLRQNPARAGRSQRPSGW 60
W3 2 . o31°, ¥ 2 » a8 « 3 3 2™ 235 » ¥ 5 P
rat RKFRRQRPRLSHKGPMPF 77
human RKFRRQRPRLSHKGPMPF 77
Xenopus RKLIRQRPRLSHKGPMPF 76
zebrafish RR-RRPRPRLSHKGPMPF 77
goldfish RR-RRPRPRLSHKGPMPF 77

* . L S 2SR SRR R RS

BIEFR KT /K (ORF) :
EmVSH L. 97% EmVSH L. 95%
LmaVSE: 43% G HAVSTE/AZY):  15%

e AVSIHFLBIY: 35-38%
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OT, optic tectum/thalamus; /T
(A L OT PB OB PIT H T CIL PB, posterior brain/cerebellum; /57 /7N
OB, olfactory bulbs and tract; &£k
PIT, pituitary; F4&
H, hypothalamus; T Ffixi
T, telencephalon; i figi
ctl: control; &

Apelin

EFla

(B) Loectl sp ki li m br gu gogi h f sp, spleen; it

ki, kidney; &
li, liver; AT

m, muscle; LA
br, brain; fix
Fig. 2. RT-PCR distribution of apelin (108 bp) and EF-1cx (104 bp) in different brain gU, gut; Hi]

regions (A) and peripheral tissues (B) of goldfish. L, ladder; OT, optic tectum/
thalamus; PB, posterior brain/cerebellum; OB, olfactory bulbs and tract; PIT, JO, gonad; 'riﬂﬁ

pituitary; H, hypothalamus; T, telencephalon; ctl: control; sp, spleen; ki, kidney; li, 1 || fH

: : L g': gl ;e

liver; m, muscle; br, brain; gu, gut; go, gonad; gi, gill; h, heart; f: fat. I
h, heart; > if

f: fat.ig /i
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ORIGINAL ARTICLE

Comparatively examining of the apelin-13 levels in the Capoeta
trutta (Heckel, 1843) and Cyprinus carpio (Linnaeus, 1758)
S. Koprucu' and S. Algul?

1 Fisheries Faculty, Firat University, 23119 Elazig, Turkey, and
2 Medicine Faculty, Firat University, 23119 Elazig, Turkey

= 1 13
Summary EL [SAR I A 5

Apelin is a recently discovered peptide produced by several tissues in the various vertebrates and fish. Apelin has
been suggested to have role in regulation of many diverse physiological functions including food intake, energy
homoeostasis, immunity, osmoregulation and reproduction. In this study, apelin-13 levels in the blood serum of
Cyprinus carpio and Capoetta trutta were determined. Then the results were compared between two species and
sexes of each species. Apelin-13 level was analysed using the enzyme-linked immunoassay (ELISA) kit (Rat ape-
lin-13 ELISA Kkit, catalog no: CSB-E14367r). Apelin-13 level in the blood serum of C. trutta was 51gn1ﬁcantly
higher than those of the C. carpio (p < 0.05). - . P
(p > 0.05) that compared to between sexes of each species. There was a significant negative correlation
(r=—0.829, p = 0.0001) between the apelin-13 level and body weight of C. carpio. However, no significant cor-
relation (r = —0.022, p = 0.924) between the apelin-13 level and weight of C. trutta observed.

Keywords Apelin, Cyprinus carpio, Capoetta trutta, ELISA
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Fig. 1 Apelin-13 levels in the blood serum of Capoeta trutta (n = 21)

and Cyprinus carpio {n = 23) (mean < SEM, p < 0.05). Fig. 4 Apelin-13 levels in the blood serum of female Capoeta trutta

(n = 13) and Cyprinus carpio (n = 9) (mean = SEM, p < 0.05).
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Fig. 2 Apelin-13 levels in the blood serum of male (n = 8) and female (n = 9) of Cyprinus carpio (mean + SEM, p > 0.05).

(n = 13) of Capoeta trutta (mean £ SEM, p > 0.05).
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CNS main sites of expressi -
PVN: apelin and APJ P A B 1%
SON: apelinand APJ | [ fiifil 4%
Pituitary: apelin and APJ /{4

Osteoblasts: apelin and APJ /15" £/ 2

P B4t Endothelial cells: apelin and APJ
i Thymus: -
fifi Lung: apelin and APJ

Heart: apelin and APJ

Liver: apelin
Adrenal gland: apelin and APJ W ERR
Kidney: apelin and APJ

Spleen: -
Ovary: apelin and APJ UP! 5
Uterus: apelin and APJ 5

Al 2 Adipocytes: apelin and APJ
Stomach: apelin and APJ

[ Pancreas: APJ

Intestine: apelin and APJ

i Fif: Bladder: APJ

Mammary gland: apelin and APJ 7L /1
Colon: apelin and APJ 217

L Testis: apelin

KR APJFflapelindH R 53 i

(O’Carroll et al., 201 3% %iournal of Endocrinology)



Apelin 2 2 Bt
- HEE

— - Beftisd

. ISWET - ge={Cis —

9 ETEsE

v .

. ST . et
"B LI ETEE




ApelinZB e R EINBED T

TERESINR. Ba.  EHDEs , apelinft
K. MIERASY  ERSESRREORE
IWENSEENAE WA, BEETOM

ApeliniliHAR A ZRRE A
FHFEE  25RER BT EEINETE.

. gree R, ‘
as. | st 5 UL,




10 21

Lactation

(days)

0 6

14 21
Pregnancy

9

josjuo)

T T T 1
< ™ N L ol o

(vNY 4(v)Ajod Buy, 01 x saidoo)
VNHw uljady

aulsau|
oewols

uieiq ajoym

pue|b Alewwepy
ejuase|d
abejijied |ejson
moliew auog
w4

upis

ajasnuw |e1aas
asodipy
wnjoey

uojo)
wnoaen

E:og

wnunfap
wnuaponq
yoewo}
Jappelq Ateuun
puelb jeualpy
Aaupry
sealoued
uas|dg

PUE|D Jejnqipuewqng
eayoel]

snwAiyl

pue|b pioJAyy
pio9d jeuids

puelb Aseynyd
ejebuo|qo ejjnpapy
wnjjeqa129
uleiqpin
snwejeyjodAq
snwejeyl
sndwesoddiy
wnjewns

X3)109 |eiqaian)
uleiq sjoym

~

T T T T T T
©o wn < ™ N -— o

(vNH.(v)Aj0d/, 01 xs81d02)
VNHW rdv

Neonates

FRA.

( Hosoya , 2000 )

Adults

KEZLBRapelin mRNA{EIERRAFIIBZL
HIZREIE , HESHERIRKE.

=

FhEJLIMNRBLAPRAPI mRNARIXS
inBEApelin-APIRFFTLE.

Habata , 1999 )




100 15
= #1 #2
% = 10
£
2 50-
£ 5-
o 25-
<
0- 0-

o 3 6 M1

After parturition (days)

Fig. 5. Contents of apelin in bovine colostrum and milk. The contents of apelin were quantified on the basis of the cAMP-produc-
tion-inhibitory activities in a manner similar to that described in Fig. 4. Bovine colostrum and milk were obtained from three Holstein
cows (No. 1-3) on the indicated days after parturition.
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Fig. 6. Suppression of cytokine production in mouse spleen cells by apelin. Spleen cells obtained from BALB/c were cultured in micro-
plates coated with anti-CD3 mAbs in the presence or absence (control) of apelin-36 (closed columns) and [pGlu]apelin-13 (open col-
umns) at the indicated concentrations. The amounts of IFN-y (panel A), IL-2 (panel B), and IL-4 (panel C) in culture supernatants
were determined by EIA. Values represent mean £S.D. in triplicate assays. **P <0.01; *P <0.05, as compared with a control in Stu-
dent’s r-test.  [Apelindfiifil /) i AE 4 o P~ A= 4 M K] 1
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Figure 1. Neuroendocrine Centers in the Fish and Nereidid
Forebrain

(Top) Schematic dorsal views of adult zebrafish (A) and nereidid (B)
heads, indicating the CNS (yellow) and the main medial neurosecretory
brain centers (green). Black lines: positions of sections. (Bottom)
Respective parasagittal sections, showing main neurosecretory brain
nuclei (green) and main sites of neurosecretory release (red arrow).
Characteristic commissures and neuropil, light green; AC, anterior
commissure; OC, optic chiasm; POC, postoptic commissure; PC, pre-
oral comissure. Data integrated from Matsumoto and Ishii, 1992;
Thorndyke and Goldsworthy, 1988; Wullimann et al., 1996.

(Tessmar-Raible, 2017, Cell)
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