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FIGURE 1 | Key organs and signaling pathways believed to be involved in control of appetite in fish. Some of the central and peripheral endocrine factors

explored so far are listed.
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Anatomical Locations of Cental Appetite Control Systems
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Figure 1 The ARC and the control of appetite. a-MSH, a-melanocyte-stimulating
hormone; GHS-R, growth hormone secretagogue receptor.
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Peripheral Signals The GI-Tract(Ghrelin)
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The GI-Tract (Ghrelin)
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Peripheral Signals——The GI-Tract (CCK)

SNEES

Honey bee CCK-R like XP-003250082

Beetle CCK-R_like_XP-972750

8s
100 | I
C

Nematode_CCK_BR_like_NP_001022844

98

72

87

86

Salmon_CCK-AR_JX017294

= Tilapia CCK-AR_XP-003449421
Pufferfish CCK-AR like CAG04576

Zebrafish_ CCK-AR_XP-697493

Frog_CCK-AR_XP-002939147

100

84

75

71

98

81

100 Chicken_CCK-AR_NP-001074970
a9 Turkey CCK-AR_XP-003205928
Lizard CCK-AR_XP-003226175

- Mouse CCK-AR_NP-033957

28 Monkey CCK-AR_EHH25794
Human_CCK-AR_NP-000721
100 Salmon CCK-BRI1 JX017295
Salmon_CCK-BR2_JX017296
62 Tilapia_CCK-BR_XP-003452984

Pufferfish CCK-BR_like CAG05857
Zebrafish CCK-BR_XP-002663361

Frog CCK-BR_NP-001079277

98

Chicken CCK-BR_NP-001001742
Mouse_CCK-BR_NP-031653

59 Monkey CCK-BR EHH23146
Human CCK-BR NP-795344

100

CCKEZMERFEEHRER (CCK-1R) . KPAAFEE (CCK-1R, CCK-2R1FICCK-
2R2) #I&£8 (CCK-IRFICCK-2R) HoEEE,



Peripheral Signals

SMNEES

Empty gut
Endocrine CCK+
cells T -—
Endocrine
cells PY *
Oleic acid

P,

Oleic acid

Tri-olein o
/'

Tri-olein EE;

CCK*
g /" - Release
] ~ Starch
% g Endocrine - — > Enzymcb

The GI-Tract (CCK)

Casein

Releasey @) _, @
- ==p Enzymes % — ?c? cells

releasing factor

Cascln \ Endocrine | _
O cells

cells

Endocrine
cells

Digestion

+— En/ylms

Lipase

&)

CCKA

Release
— Enzymes

-

-

PYy

PY* l"l"-I\Inn-stimu]miun —
Starch |/ e >< > nc:ﬁ:m

yFelose MR T2 B FhES B,

(Lipase, Trypsin, Amylase etc)

Non-stimulation >< ........ : mRNA E,Ji%

_— CCKEEE RN FEERE0IN, TIEXL

EERES, RED. SHRI= IR
2 | BECCK mRNAZKEFES, #2007 BERAmS, M
| S T | TEMESHAR, TOER ARANESIEIANICCK



—EdD

BRYY (PYY) ENPYZHRIEHIALR. AT, &=
PANPYIECNSHEGRIERMNREIIEE, BEERE
ImimpA R ERISNEPY Y AN SR EL S =R
B, siERE, PYY BIPEIMRIEINHNABNES
B, IHBERDW, BREBAEUNRREE/ M
REeR], MTEEZHPH 8RR ER. PYY EEHRTH
B2mnal, MEESHEENEDFER.




Peripheral Signals——The GI-Tract (PYY)
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Peripheral Signals——The GI-Tract (%)
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Peripheral Signals——The GI-Tract (%)
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Peripheral Signals——The GI-Tract (%)
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Peripheral Signals——The GI-Tract (R3 %)
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The GI-Tract (GLP-1)

Peripheral Signals
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Liver GK activity

Peripheral Signals The GI-Tract (GLP-1)
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Peripheral Signals The GI-Tract (GLP-1) I.C.V. —GLP-1
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I Peripheral Signals The GI-Tract (GLP-1) L.C.V. —GLP-1
= 3
SNEES . .
In vivo In vitro
i.p. i.C.v. 0.1 nm 1 nm 10 nm
Hypothalamus
NPY +1.60* +1.08 -1.37% —2.49% -1.35%
CART +1.09 -135 +1.29° —1.58° #1497
POMC +197 —1.56 +1.98* % e +2.45%
Hindbrain
NPY a1 173 +1.07 -2.36" +2.46%
CART +1.90% +1.60% +1.96* +231 —1.48
POMC —377* +2.56% +3.74 -1.87° #1371

e B X MNHAZKAmRNAKIE, ip. TERNPYFIPOMC LHifl, BEEERT TA. N
CARTRGLP-189%0, HIALLEAKESAIEMLIfE. icv., (RPOMCEREFIARLD) . S
i, FRBERIRAKFEM. EEIMMBIANTHUETEN. FIMNERIE, ETER, NPY
mRNAKETIE, MCARTFIPOMCEREFRAE M. EERE+, GLP-1 (LHEERERSNE)
FiANPY mRNAKE, 0.1F11 nM GLP-13RE, CARTIHRIAEEM, POMCHFIE(NZ{EGLP-1
RERIRZ .



Peripheral Signals——The GI-Tract (GLP-1)
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Peripheral Signals The GI-Tract (GLP-1)

SMNEES

KT EER)XE X ER M T FAEGLP- 119 -RH IR . ESEENE,
frfkt, GLP-15HEMEHEZY (AISMHE) fHERMN. AEH, GLP-1{#
BRFESMBEEIEZBIERBEAREESBNERLE. GLP-15 N T IR
NEASHEHEREARBNOIBEASHEETX, RAGLP-1XEEAZBTES
RS, MAZEERR. GLP-17EFRH R 1E AT 88 iEd GLP-1RF/SE EH
ZINEEABREMAE, BtSREFEHREHEXPHRBHSHNNE, TEN
S[GLP-1FFHRRMH .

EX L, &8RGLP-15HMEHHNVANEERRSTHNEASHEREN,
BAREZRRITENERAZEMUN, XTESGLP-IRIFELFX, XRHAGLP-
IR ER TR #HMAR, MAFHRKROEANZRRTN. &E, ERIER
B2, GLP-IFgfEraXTHFRIRER. Bit, AREELTFERIERS
KEEWRRE, EXEDTHPRRI NS MBESIAANRSRIHVEFER K,
X5 &EEGLP-IRRZ FRIRE RINER XK.




INGS
I N TRV ARELERNER T N EEIIVRAEAMEENRN
WMIEENER, FRETIEDE () FEESEEURIMRELZEN
EuHFHIYERE., TERERRARFPREFEEEM, ERNERES
wESE5HP, XAENXBHEKR. AXRHEERKBERINEREEAR
R FFEEHITE.

ETHENRDTBES TR ARE : RERKNMAFREKN. 503
ESERETERE. . BRHALAMEMALR, BEABNHERN S
WEREBATER. RE-LEXEEIAERFEX (TERMT&ENESE)
FELER T HANY—HNR S AENERYE, E:2aXEAI—1
i, RiINakhIERFEMZED.



INGS
%1 EHETET.

Table 1 -Appetite regulation factors«

frE. R RHE T CECE TGS

Positionse Appetitive-factorse Appetite-suppressing factorss

EEERFEEE (MCH). S KEEENETF
(GHRF). &8 Y (NPY). BERHEFED
X E 2R S (AgRP). E#AL A (orexinA). E#FLB

A EEEZIFEMHBETHEREF (CART).
2 FFE (melanocortin). FIFEERERER
(POMC). BREIERFK-1 (GLP-1). B

Centralr  nervous: (orexin'B). WiEMKEHEE
iy BELRERBEEENETF (CRF). o RERH
systeme (endocannabinoids). REKEEFELK

fEE (o-MSH). [iEE (serotonin). fRL[E

(galanin). PIEIEF A=A (endogenous
EX (ND). RRREBEEENMR (TRHD -

opiods) -
4B 8 2 R 5 E = (leptin) FEEWHE E (CCR). AL YY(PYY).
LR (ghrelin). HIEEKHEIERES ELH \
Peripheral® nervous- ; BEik (pp). BURIEATE (OXM). BREE
(GIP) «

systeme (insulin) »




I /NG

= RBIFEIL3I000050, BIIMNESUMERUAREFLEN
EETHBRMBRITAZEINER (TFE, TE) FRANZTLE.

RF#E#HAT, RHFTEERAES (whole-genome duplication
(WGD) events) , FHREEENERER, EEHRMAIEFRMIUA LA
ERERE, %#%FHEE. HUHARERBEA.

A, REREAEDTHZEHEFE T (METR) PEETF
BANTL, XETAMNFEBIESHRRNEBEMTT.
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