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Appetite control systems in fish
- Identification of fish leptin and agouti-family genes -

Tadahide Kurokawa *

Abstract To understand the regulation systems of appetite in fish, we identified cDNA coding for leptin

and agouti family proteins in pufferfish (7akifugu rubripes). The Takifugu leptin was found using genomic

synteny around the human leptin gene as a first non—-mammalian leptin gene. The Takifugu leptin mRNA was

expressed in the liver that contained abundant lipids. In addition, the homologues to 7akifugu leptin for some

fish and amphibians were found in the databanks. The phylogenetic analysis shows rapid rates of molecular

divergence among leptins from different vertebrate classes. 7akifugu has four types of agouti—family genes
AGRPI1, AGRP2, ASIPI and ASIP2). The Takifugu ASIPI1expression level was about five times higher in the
white ventral skin than in the black dorsal skin. This indicates that the 7akifugu ASIP1 functions to retain

the dorsal-ventral pigmentation pattern like to mammalian ASIP. On the other hand, AS/P2, AGRPI and

AGRP2 mRNA expression were detected in various organs in 7akifugu. Therefore, the physiological functions

of melanocortins and agouti—family proteins seem to be more complex in fish than in mammals.

Key words : leptin, agouti, AGRP, Takifugu
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AL it VN ERIR = Rl VA W (15 8 W B
mb, FHEICBT D LT T R Agouti 72 £ O RARH]
RO AFERE 2 I SN 95 2 &k, fASEEIHE
WOBEEICEETHD LB X L,

Activation of
aMSH neuron

N

l Leptin
Decrease appetite recepto

r\

Obesity .
Leptin

Brain

Arcuate nucleus
in Hypothalamus

aMSH  NPY
CART AGRP,

/ GHS-R

LIFY

RHEICBWTYH, LT F U OFELZRET 2N
W O R EHTU 2 (Johnson ef al. 2000; Muruzabal
et al. 2002; Vegusdal et a/. 2003), ZIHlXW Tt .
WL 7 F kT PR E VT, BEFRIc
FEASC MY S SIE M OG & R IR 2 L2 b
DTholz, LnL, HHIcETaERITE<HAON
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and 866, JGI Ver.3) HW/Z&niz (Fig.2a), ZDX9H
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VIFUBGFR T 72D ETUE, Zos

Activation of
NPY neuron

|

Increase apptite

Hungry

Ghlerin

Appetite control hormones

Adipocyte

Fig. 1. The model of central regulation of daily energy homeostasis and their
relationship to peripheral and putative hypothalamic ghrelin and leptin (review

in Horvath ez a/., 2001).
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Fig. 2. Comparison of leptin gene characterization between human and 7akifiugu. (a) The gene arrangement and the
c¢DNA structure of leptin gene. Arrows indicate the direction of transcription of the genes. Shaded areas indicate
open reading frame. GenBank accession nos. : Pax4, NM_006193; SND1, NM_014390; NAGS8, NP_055226; LLRRC4,
NM_022143; RBM28, NP_060547; 1.LOC401339, XP_379517; IMPDH1, NP_000874 . (b) Ribbon diagram showing the
tertiary structure of human and puffer leptin. Secondary and tertiary protein structures were modeled using the
ProModIl program at the SWISS-MODEL automated protein modeling server, based upon human leptin (1AX8.pdb)
Protein Data Bank structure file. (Modified from Kurokawa et a/., 2005).
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Fig. 3. Expression of 7akifugu leptin mRNA in adult tissues and genomic DNA. The B —actin
fragment of 7akifugu was also amplified to confirm the steady state level of expression of
the housekeeping gene. (Modified from Kurokawa et a/., 2005).
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Fig. 4. Phylogenetic relationships among vertebrate leptins were inferred using the neighbor—
joining method in Clustal W (http://www.ebi.ac.uk/Tools/clustalw2/) and MEGA3(http://www.
megasoftware.net/). Scale bar indicates the substitution rate per residue. Numbers at nodes
indicate the bootstrap value, as percentages, obtained for 1000 replicates. Avian leptins were
shaded due to the uncertainty of the existence of a valid leptin homologue.
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D agouti B X X BIZHOW T, IEHFENL D
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MEMHAFLFLSCEVLAVIEYLFGlAAHMV---PEERLSSNRVAVSG-ALSPSFEAAPPPVVIVALPKSGKKENKTKR- - -
MKLLFLGLFFLHVAFVTAGLFRRDDAKK---PRGSVTGSRTLLOQNAGFWS PGRNRPLFARRKLYERHRVLMQT PRERAA
MFHSVLVCLLSESLLHVSSSILVHGGTQLNDGPAAGRHADPLFLLHRDRNQATLDAMHE PTPPHADSVEDSFMVDDDS — - - —
MRKATGKHVLCELLLFFPLSWEEDAKKD---ARK--SDNKVCCQG-—~~--—~ KTRGLFARRKNYLPQEKHT LKNK---~

—--—--PKKNKYG PPPANCLPLGGSCKSPGTECCDFCAFCQCRLFRTVCYCRMGNPSC————— 128
PPSVPLPSPTAKVEDSPAEASCSQLTQSC-VPQFGCCHPQALCHCRFEFNAICFCRREFNQGH----- 137
——————— YDELQGRAMRSLRRCIPHQQSCLGYPLPCCDPCDTCYCRFENAICYCRQVGHNCSPRRT 135
———————————— LKVLTPIRRCSRLMESC-SPYTPCCDPCASCHCRLENTICNCWKMSSLCLRKT- 115

| | | | | ||

*

Fig. 5. Alignment of the deduced amino acid sequences of 7akifugu agouti—family genes with identified
c¢DNA in this study. Deletions are indicated by dashes and shaded areas indicate residues shared among
> 70% of sequences. Conserved cysteine residues involved in the formation of disulfide bonds are shown
by bridges. Asterisks show that the 5th and 10th cysteine are lacking in pASIP2. The cleavage site
was estimated using the SignalP program (http://www.cbs.dtu.dk/services/SignalP/). The amino acid
sequences of ASIP1, AGRP1, AGRP2, and ASIP2 (C-terminal) were consistent with Klovins’ data (Klovins
et al., 2004; 2005). (Modified from Kurokawa e a/., 2006).
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Fig. 6. Expression of Takifugu agouti—family genes in the peripheral organs (a) and in the brain and
pituitary (b) analyzed using RT-PCR and in the skin (c) analyzed using real-time PCR. Asterisks show a
significantly higher (P < 0.05) expression level of agouti—family genes in the ventral skin (V) than in the
dorsal skin (D) as indicated by real-time PCR analysis. The [ —actin fragment of Takifugu was also amplified
to confirm the steady-state level of expression of the housekeeping gene. (Modified from Kurokawa et
al., 2006).
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