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CRII %K =2 T 4% 453007)

W,

BE: AmEXEERNE S RARABN AR AXEZRTELXNAHERL 2 5 R AL,
BRAREFFARNAAAR, XN TERARZTYBAARRZBERANEZHAL, F
B A 2 & 4R AR . leptin  ghrelin CCK \NPY % g 2 3 A T3 35 & X i m 5 &
Bo Z— 7 H, & KXRERAZE R & GLP-1 ghrelin CCK NPY \SS % i 23 B F # #F fig |
EORFERZNKERT, REAXABENAARIRTHESI N EEERKNTFERT
EFWRERE FRERAATAH. A, FRNERTENETHARELXTRHERAE
EERMASRFCTNIG XL RMEER OB LAER N XMERERBIH L

AR EaXFENER.

KR &k BRA; BRRAE; AWRE; FERRZH; &R

HESES: S 963

BER 2 AR Z 0 A A LY, 02 1R
Bhrh R E R RN BEIR Y BT KBILIOR, f 2k
X WESE A B8 B A A S S AL — 2 B
FEH R . KEBITE LB, LY AR L, f
NS A A B A 2 B K S AR AN T 2 T T 32
PR BYRF L R R i OB A S, £
I KT, I HL e A bR 25 R 8 0 i ) 4, B
P I BE B A MWF 52 Pk ( intolerance  to
hyperglycemia) , L 50 J2 i b FIr 435 ) 4 435 5% A~ firf
ST R R A 0 S I B 1Y i 32 RE
s, BRI I BE A9 T 52 M ( tolerance to
hypoglycemia) ,

W& BEFR R A, R BUAE S8 78 L E Ay 2k
X e LM P AN TS 52 P O JE 3l 4R, 7E— S
e ETEAE, R ey a2 h IR dE I
e RV AR A% i 2 T S AT R T A2 S0 50
RG22 5  BEAERR 2R atEmadh
e AR S K O 30 B il /- 1 3 32 L T £ P 2R
PR T 2% B P R 28 A Al ol AR KT L A M R R
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014 o I T AL 25 0 A 25 i A B R 9 AL
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024 10 PR Pl 28 2 495 7 R F R R 4 b T
RAEF T BB B, A SO X 25 Y
750 R A LA R A 9 4 91 4, 1
BF 58 HE B AT 25508

U A 7 Bl O 5 iR 4

1.1 &EHERBA

Wik 7L 30 0 ] 3 e B i R AL A ke R A I B AR
A HERERE AT X AL AR % As 1T YOG B
TE TR N T2 A7 78 5 7% W% S 1 45 ( glucose sensor,
glucosensor) , B i1 HE B8 F5 2L W I 4 P4 i B A2 1k,
il 2 PHEE A7 W FNONE B P R G, (B AR G I
W AR AR e Y7 AT 90 4 7 7 0 ) R AR R
YA B A L 5
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WY 7L 20 4 11 4 2 WL 4% )02 A A T AR
SRGMIN R Horr, oK o A O A%
TR AL T T e IS ) A AR A M T
( glucose-excited neurons, GE neurons ) 1 %5 2 B 1]
il M B 2 G ( glucose-inhibited neurons, GI
neurons ) ; 111} 4 Ji] 4 % 45 J2% N di e 248 BT A At R
Ji, e TR RN B B Ak S, o i kR R
(insulin) a5 B & I B 3% (glucagon) AR BRI
ZHN AEFIES i Btk A g sk A
T UL T A Ji 4 2 WL A o I S N
R AE) B A T 40 455 4 W % 12 1 2 (glucose
transporter 2, GLUT2 ) | % % B i ¥ ( glucokinase ,
GK) Wl % fif i 42 (52 W I 0 7K SF 5 88 B & 43
W) . ATP £ 3 P 40 B F i i ( ATP-sensitive
inward rectified K* channel, K, ., ) M 755 7 if i
(calcium channel ) 22", 2 {1] 76 4 %) b J B 4% W
0 1) i ARl A2 b P B A AL e 8z S I 2 18 AL A AR
P, dEFR AR S .

[7i) e 2L 20 40 AR AR, £ 2 ) 4 2 0 R 4 [ A
FEAE T AX 2 & 48 f A R 20 2L rf . Polakof
220 DIWT 6 ( Oncorhynchus mykiss) S 15 % %t P
T A 28 Y A R R LR AT T R AT, OF
T2 ) 34 7 T 0 R 2 SR i 0 T L B )
O3 F o IX TR AL A ik v i 2 b 22 5T K R P i
JBT 4 JHF I8 JUE i) A [ A& ( Brockmann body ) L)
Kl o v 1 A A TG AR e i 25 4 SN g 1) 4
By FE ¥ JE GLUT2 GK (K S0 5L 7 1 18
rh U 32 S Na ™ (R 1 ) 25 W % iz 2K (sodium-
dependent glucose co-transporter, SGLT ) .GLUT2 |
GK Fl K55 o SR, 7 HAB 2R b (JUH &
PEFIZR B ZE) , Mk Z MRS .

H AT, 75 28 1 I e v oA 4 A 2 SN
M TTER Pl 200, 2802 A [a) i 3L 28 — A%, ik v
WAFAE GE B GI #fi & o0; 53, 7E 2K rp 2 45 1
FHoAty w22 7T B 5T W 00 4 Y 28 A, X 2 ) LA A
FRTSE . A I AHCHE R C & R B T 2K ik
r LA R A W R A Y — SR . i
TEBE Ey £ ( Danio rerio) | T il 45 8 28 (1 i A
GLUT2 il GK L 43k "~ A8 B B f
( Oreochromis niloticus ) Jixi H §E % £6: 1] ] GLUTI
FEPI mRNA k" e ah, 82 0 I I 4
i IRV A% o A B AL R g
labrax )" BE o o4t

( Dicentrarchus

( Cyprinus carpio) "’ . 4> 3% 0 ( Sparus aurata)"”’
S5 22 B A0 8 I IR b AR 3] GRS L TR i 358
PR 1 0 2 1 i A R A SO BRI RE ) o TR AT
g rb R TS R I, T AR R AR I R R R R
HUT TR IR N G A L F LB R R b A
B B0 8 Ak, T AR e R T8 W R D R 3R
k7K 3, i1 GLUT2. GK . SGLT1, if X Z & «
(liver X receptor alpha, LXRa ) UL K2 G & [ ) Bf
Wk B 52 AR OGS PR T e 5 4 7 41 B
WA
1.2 &8RFHFBERNSERIFE

WL ST E A (A T v R A e A SN,
for , BE Has D0 A P AR /K F- 1 RE 78 Ak [] ) 3 2
BS 5RMAMERE TR, TS R
(arcuate nucleus, ARC) F fEE HE M A& K Y
(neuropeptide Y, NPY ) /#i i #H ¢ 28 14 ( agouti-
related protein, AgRP) fi¢ 5 £ 1 #f 28 5T | I Bl 7
J# & ( proopiomelanocortin, POMC ) /7] £ [K - %
P RZ A Y %% 5% Ik ( cocaine amphetamine regulated
transcript, CART ) il 5 & #2200, © AT 02 th A A
GRS HA 2T L A, T R
0 5 R A% bR R R W AL & B S ( AMP-
activated protein kinase, AMPK) FI g 3L 3h ¥ 55 A
B Z ¥ % H ( mammalian target of rapamycin,
mTOR ) , j& izt 4 R 1k /2 Wi B2 A 1 T = 9l ol i
I 33X PR P 3R 8 SRR A N R IR A b R G
SEPEAE T, b, B A6 AR BB B RS I RS , T
Je A RE RS I RO, A B BRI
I HLIE 52 3 HA N 43 W5 R (g 3, leptin ) (14 3
P PR SRR S 2y 3 0 PR T
ik AMPK 5 mTOR {553 # , /EH 7 F g
40 1 P SO A5 B 1k 22 T, R T R 4 0 L S
I .

AT W, GRS A TR E
M2 k2, i NPY ,AgRP . POMC ,CART"*"" {H ¥
ANA B UEE R W] 028 & A7 7£ NPY/AgRP
P 2250 . POMC/CART it 2 50 a8 3 HAth 2 L 1) f2
BEEMIEE ST, A, O A U5 R
KT RERDRAS B — e N o3 7 5 1 28 AMPK
5, mTOR f fR 1k 7K 1 1) AH G % o ] 4n 22 48 2 6
( Paralichthys adspersus) {EYUER AR ST, Hof &
H leptin % & T R, UL R AMPK # B2 7K F Tt
7 \mTOR i B2 AL 7K F B A 7 45 M5 U 1fi 37
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leptin 75 5 75 , LAt AMPK 3 % Ak 7K - B A%
mTOR B R fb KTk ™ o B, el fa 2 v ]
R AL A7 76 5 i 5L 3h W 28 (0L i B3 A VR LR

2 WEAHAY R Y

2.1 AZWET

TEM LSl Wy, 9 5 2R/ 19 o LW 28 02 — X 4
POV 6E S A6 0 R AT HE AT R AR BT i A
P95 FHATHEIEIESE , AR I 28 vh W A TE R
R/ IR RSP HLE  peAh, — 2 ik
Jo Bk A 8 R A5 IR B0 2 Wb R, T ghrelin | iH
W45 & (cholecystokinin, CCK) \NPY A K#I &
('somatostatin, SS) 25 75 f1 2 h A G il i I 55 5 5
R/ e I OB AR 02 B R M BG E . leptin
ghrelin ,CCK |NPY &5 X o A% 44 45 Wl 2% 0L 4% o A7
PEAER .

Ji & 2R —Fh Z DI BE KSR, T s b Y
FH Al 300 528 R B R mBEET . R
P ZERR R, WP S KK B TR R
8 28 AT A IR S0 ] 4 4 B0 4 0 A2 I E L Y
SLUUE BB IR o 0 A RO ES 1A 9 5 2 90 iE
TR R B A B OB R S B ( glycogen
synthase , GSase ) 1 411 il ¥l J5& i 12 1k 1 ( glycogen
phosphorylase , GPase ) i ¥4 1Y) i G , AT I 5 T 4K
JEA IR G ARAILAA o ORI o R 5 2 A R
fife AW S AR R A5 B A 52 B #8288 FR R 00 3
AOSZI o 24 e & 3R VR AL AR i B 4 d ),
KBBSP4 IS HE2E mRNA Rk /K F T R
1T 5 3 i 5 2% M v sk 7K A 5 40 ) R % i i, G
A I i [T 1 3 3K U AN 52 B2 i), I s R i B R
XoF LB 3 5 1 A B o a4 455 A8 55 KT
1E 8 . 2 8§ ( Pagrus major) . # f4 ( Seriola
quinqueradiata) 1 , Ji 1% 2 AT U0 I i iR 12
(ELAE AT i oy, R 5 2K AL 2 2 B0 8 )5, GK 36 4 R
W, C WS ( hexokinase , HK) 35 5 7H 5 1

GLP( glucagon-like peptide ) & {1 1 18 43 W 19
Jo (2 19 5 2R R, B MR e IR AR T P A R
7Y A7 GLP-1 il GLP-2 W F I =0, 760 3L 3)
Py, GLP-1 RE G5 (2 J5 & 2% 04 70 Wb 4100 41 Joke v 1l
5 ORI, DT LA R o g T e (R
[F 75 0 2L 3 4 A% 1A Y 2 B I 45 AH B, GLP-1 7k £
Jerp BT SRR oy i B 2K A0 T R, Rl 2 0 R
A TR i ik BT T R IR K F R AR R X

i 5 K 4 AV BT A G BT 5 o
R NE S R & S GLP-1 ¥ RR % 51 & 1
AT AR D AT T 5, 9 5% i SR LR i
Ja G GK ., P9 i B2 3 B ( pyruvic kinase, PK) |
GSase (GLUT?2 %5 ff 1 P4 8 mRNA % ik K E ™,
PG, #E0 GLP-1 AT 5 oo il — fiag b 0L o 9 45 £ 2K%
AR AR o 7 0 X5 0 il 5h e A7 A e 5 1 BT )
RNA 34 i i ) GLP-2' ") {1 GLP-2 f£
Zer AR R DL AGE

SS( somatostatin) J&— AR Z LB E &
i £ 2 P AE AR S RO 5K, SS-14 F1 SS-25, 43 5l
B 14 f125 MRERAN, S 5N AE K &
F AR ARG DL R e S A R, PR R G K
ZHEONHAL YR R R s g 2 d s
TEST SS-14 Fi1 SS-25, e 4% 51 i B K F- T
i 25 10 2 K OF AR, (HL SS-14 Xof JH 48 52 K SF-
B 5 28 K S TC S 17 SS-25 1] 5 BUF M IR
T, I FOK TR s g SS T i b 1R
LS X 6 L A Tt A2 110 T B N 2 — 7 L
Feh¥Hr, SS HA FEAR MBS 19 1E FH oSS i i 4
P B RORAE I R 2 A 25 5, ok
B 1 A D 43

9 2 I B ) (ob) 4 % (¥ — B 40 fifg A
TEER B TE AR a2 R R AR A
RYER EEAE M A6 0 8 BF 5T P & B,
leptin b P {1 5% 3% 19 F Fe il LG ik 41215, RE %
L OIS T e B R S G % A B L R X
A 2] 280 ) R KT BE R KT GK R TE M K
mRNA ik k¥ GSase {3 1" o 76 M S5 s
T ALY 45 5, g % 5 b B leptin
T e 0 0 B J5K O K GKE Pk T L
7 M B T A O D 0 2 ik K B L A i L
S leptin GE 0% 00 i 19 5 28 04 43 Wb, HE T O 4
2 0 M TR 5 T 7 26 o leptin J& 75 5
SRS E A RS W, B R AR DL AGE

ghrelin 2 A4 4 38 22 43 906 40 1% P9 U 1 T A4k
ST B iE A RS o T RE SV T T AR A 2 R
G5 1 — i B K o A A S 36 (M s S R g = 3
§§F) W, ghrelin X 4T 65 (1) 1fi 4 7K SF- A 5w, (2
B 1% 0% L 05T e M R S I e A A 2 S A
Pt GLUT2 1) mRNA Fik/KF B 58 GK & 1%
LB T Koo B fa 2 I BE 2 0 g
B A S R AR S R I S R A
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WFE R W], ghrelin IR REAE 2 5 MK P R B R &
B A W R . B £ 5 s 1 ST ghrelin 5 ik
Hh R I R B 32 AR R Y 3% 3K K OF- R B, GPase |
(=1 S N N S = v O O o A i VL
ghrelin BB 6% 58 F 5 5 2% F0JBE & I 0% 28 P9 Fh ik 12
Wep ALK 228 1 LW 7K P, i v JHG X 4 W ) 48 SR
RO TR 46 780 W B 0% 10 3 B st L
#2R ghrelin Y RAM W, EEFR L P IEM
(0. mossambicus) T BT 5% & BL, 7 25 B GE 0% 412
¥ H W ghrelin mRNA [ 3 3k /K S Al i 2% o
ghrelin [ /K- 3 S HIF 5T 45 SR 24 F B, ghrelin
T 4024 4 A R IR L SR A o A s R
HEMER

CCK [m B J2& —Ffr AL 1) fisi g B, & )32 43 A
Tt RGN E HiE, BANERTHE R
SEFHAL RS RE (4B 5L SE) | [F B ik
RS F R A 2 W RO, A | T R A S 4 9 A
FH o anAe o 6 vb i BF 5T A B, IR R i 4 CCK-8
J5 , REAE 5| 100 W 7K S R0 B 5B ot R
GK . % %] ¥i-6-#% 2 B ( glucose-6-phosphatase,
G6Pase) .GSase 197 P 14 98 | GPase [ 1 M A%,
TR P 8 58 S IR ROK R R
0 25 1 5 CCK-8 [A] B RE 6 £ g T 855 71 i 4R 7K F-
IF 14 5 LR GPase 1 M (B AR B Kk oF 3
S T I G I GK BG4 ZEmiFLshdy
CCK H A it i J§ i 2 A 5 40 b i 1 05 e
fa2erp, CCK X R B 3R 5 -5 0 W 52w, H R
W A DL AR E

BeSh 4R R €4 5 (melatonin) 42 E R B
5t i % B it I T ( corticotropin-releasing factor,
CRF) " NPY " I Py ik 4, o xi 0. 2 H 119
BN SRR A E B, R AREBEIE
WL A P R B RS A T CRE JU) X A
BT i R JS i e ) A 2 B RN e ) X8 A R
PR 5 A i A T) 08 8 A7 9] 455 v K 7 2 B RN A
H T 1 S T8 A i A X 0 B SCRTBL ] . NPY Al
P9 BKAA SN 7 0 6 A (A4, T AR 3F SS Bk, ik
TiE i SS Z 5 . Hfbh E R,
T {2 e 3% (secretin) (Y'Y fik ( peptide-YY) |
[ i 1M B & (enteroglucagon ) | i Il 45 % Tk ik
( vasoactive intestinal peptide ) . 5 I Fg i 7 &
(oxyntomodulin ) & € #¢ iiE S5 A7 7E F 2 iE I,
33K 2 PR T F i AR A T 1 R A R

2.2 EFZ®AT

WS R SRR 1 0T 2 28 ) iy S AR
REW 0T, 3 078 3% Al 43t e A o R
VEFT o o 2 R 2 A 30 MO T 2 55 W I e, i o
e BRI S 2 N 7 A S A O G B T Y
PRV RAF VL o H P A IR il 0 335 W 19 A
ao A ) A 2 AR U ( GKO) 5 Bl BB AR OC B I 0 TR
J% B 2N B B8 3R L % ( phosphoenolpyruvate
carboxykinase, PEPCK ) . & ## 1, 6-— # fig
(fructose 1,6-bisphosphatase , FBPase ) F/17%ij 24 ##-6 -
WEIR i ( GO Pase ) LA KMl J5i 45 Ji 1 ( GSase ) 55, fh
KRB HURE IR RS S R KE A
Ak, 8 3k 7 BE A OC B A % M B mRNA K5k
AL YEHF AR E o

GRS PR B P 0 25 e K Ak 0 1 S A4
XFEAR, FWS 0 — A T 20% , i 7E 2% 1 75X
B P A 2 AT RN 30% ~50% |, 45 VR g
RE R AR 1 Ho Rl 2 o B S G B 5 o b, 5 3L
A SZ ) AR R SR BOR R R & i e AR
JFF 400 e e s s a4k

TB S RE IS, 0 2 T U W I8 A R A e 1
i, GK {1 mRNA kK43 T o 76 0L
i, GK 35k T 3 1) 45 0 5L 3h 450 9 K
B[R] U8 # 7 B ) BHS , GK 73 5 K F- ik &
I P B ) LB 25 i (20% F1 40% ) 19 Tt e T 4%
B 7 4 Sk SRR RS 0B K AL B
(12% 16% 22% F1 28% ) -y /b g 25, 1 W2 15
JilJ& ,GK mRNA 2 3k 5 B 28 75 fin it 19 4% 22 1
BT A7 28% b IALI LTI L ZEN AL
8 25 RS2 BF ( Scophthalmus maximus) W, GK %
Pt il 5 0 2K 0k B T G 0 L A AR
e nd ! B YRR R/ 2 1
Bl EF IS, GK G S Rk s ¥ B (H &b
TP REHE IR S e B0, W 26 0 8 GKI 7 1 5 1
JEAIG T 0 0 0 4 5K 0, 5ok 15 U 45 SR AR A, B
EHLEA R AT . MAM TEf R T I,
KAGP A GK KRB, 4t O WnE
FRVETTOETE & I, ) A B R R R RS 1Y
S GK 9 RIA 7 o (R, YRR & A kK AL
AWt GK kR B FE T s
IR T LiR% e, GK fERE 2k 0.2 ~1 d J5
By BEAK 7K F- 323k, AN 4 d JF IR, GK & %
Bt
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S A 3 AR AR PR B £ 28 v O R A
KW RN WA . Enas 255 &4 20%
K TE R AT 20% B B R K YE S AE R ik K A
B 2L ) Rk A R BN U X OB S A DG B
FBPase {5 V£ JC i 3 % W . i#F — 25 (0 B 28 86 1
Tk (10% . 20% F1 30% ) fi] W WKW 0 ffs , )
FBPase I 14,3 1~ 8 i 41 il 15 43 3 o 10. 8 [11. 4
11,8 mU/mg, 22 55 K W3, AN A7 76 B AR A7 5%
B KR R Y A SRR T 458, B
FBPase I 1 A~ Fifi 1] 6} o B 28 & 5 19 428 4k i AR
167, B A, WA 5 — AN BRH i G6Pase [l A
RZAARE S R, 14 k650 et
G6Pase 1 P35 2K 32 B, i 5% K FATS 4 5 70 48
BB o T E 2% £ M IS £ b O SIS ) et ) i
J& ,G6Pase ik Z F|5R ZIIP I, 5B/ A B a2,
W5 6 ( Sparus sarba) ™' G6Pase ) mRNA #
IR 52 B i B K AL P e AR ] IR DR T
ilWE 28, R RE 2 B8 2 Y B M 2R AN e A ROR
B KAL) B R 2 — S A A X £ 2k
o LB ) BT R T, DA ROAS R M a2 2 T S A
AR 1) 22 S AL A 18 P B

o Ak v i 7K T I o X A [ £ 28 )
B IR RO AR AE 25 5, Bk AL B ) AT 5 5 R
A 5 0 4 Sk B GSase I 1 3G, B R A BN
s BT A 2 IR A A A (]
W IR 45 B 5 ), Bkmann %5 SR [f) 47 2 7% 25
4 AR B oK Ak B P ek e R 4 Sk 6, 7E 7%
5§ 10 d.20 d A1 30 d B HORE, 45 50 & B, BT R
it B B K AL A 0 0 ek ) 39 22 % ] R (] ) RE
I 72 7 46 o o 76 95 ) B 20% 3 M A B 4L
GSase ff) mRNA % kK FI: K T fE 2
P RBE D, 2 0% 15% .25% F1 35% 25 4
AN B 2H AR 12 JE S HURE, kB Gsase 1 1 Al
2 RISEDN AT 3 2 U WOR TR A A A b
A& AT koK G Yok BEi% T Gsase
mRNA ik,

LR Tl Ak M 7 3 o X W % ik O ek il 1Y) 5
We) 7 AN ) f 2 OAS [) 2 3 19 0F 5% TP AE TE 25 R
Pansera 25 °' f5c LR GE TN W 6B I 6 B G 10
R, R E R (26% g0/ 11% BE) FkAg (11%
JERT/ 16% Wi ) e et ) T 6§ 8 J) J5 , e i 21 7 45k
)5 3 h B GK mRNA 3Rk i 2 & TR 41,
GK {&PE7E 3 h 12 h B FARIE 41, B2, Al fa

e (25% BEWT /14 % V€ ¥ ) 5 2K n fa 3l (9 4K s
(10% fg Wi /17 % € ¥ ) Tl ek ) W iy 5 7 Ji) | O 7
FE 8 h [GIURE, 45 R &k BRI I 21 i 88 Y JIF E GK
WPETC R 2R, %45 R 5 Pansera 4
A 5, X 0] BE SR T R A Y 3 A B ) R ERORE
B} 6] 77 7E 22 5 38 WA . LW 20 47 ( Erythroculter
ilishaeformis) {1 17 3¢ I [8] 5 BUEE B} (8] 55 Pansera
AU % CF MR, @ IR 4 (19, 93% Jig i/
14.45% #%) GK mRNA £k B & m TMIEA
(9.92% &l /12. 38% ¥4 ) , 5 Pansera 2" i} 38
gER 3 H IS4 GK WG Pk S RAg 1™ .
A UL i A RE IR GKJ% P 3 0, 3 — P 4 7 2E
PN R 5 ( Solea senegalensis) PN 17 15, & g
(17% RgWi/14% 3E ¥y ) A& AG (4% Jg i/23% JE
B3 SRR ML S GK IS PR AR A A A

15 R AL AT AR A B IR A o RE IR R
BH(26% g Wi/11% ¥5) B o 65 75 25 0% A H 2 T
Kok, 8 B8 260 B AN Tt A2 PB4, O L O 5 A=
BT GoPase I 1k M KL [N 1) &k Hy g [
REB G 70 W 20 60 0 S P 0 R 85 Pt A7 A
AR L M 2L BN FE SR B 3 ~ 24 h J5, G6Pase 1
mRNA JK V@ 2 TH 8 B G R 7E 24 h JE R, o€
PRI Z0R 8858 55 i /AW A B 261 JIT e G6 Pase 3 P s i
BUTF 4 A A ST R B K Ak A o P
O INE S AR VR, SRR e AR R RRR 7 ), R
£ P S 0 B S 2B VR AT Re A B s, DA T R AR
M I R i X — Rk AR B R SR Y
UESE ) MR 35 ZKSF- A 07, 2 908 735 0T 4K P ) %) B A
A B S IR E S RO iR B, AR AR RS AT
T X — B

e B LRI A2 A £ 20 B A, A R 4 ) A
e W I A 5 A R VR T . R D XA () £ 2 0% 1
fiff () AV F AL S8 A B A . i AIF 5 BT A e
JE 1o e P BEARORE SR A 1 Bl W, Sy oE A DAl )
BERE 15 % W5 A B A T, A HE R B 25 T
[TESS- AU

&G R i 2 A A A i A] Gk )
30% ~50% o 4 GRRLEE 0 dE 0 e b A R
T R 52 B . 7E AT 8 b GK Y M Rl 2R
EEMBEFE (26. 7% 35. 7% . 48. 7% #i
55.4% )i T K, {52 45 40 $L4H [A] 1) mRNA 33k
K- JG W 3 25 5, Kirchner %7 1 J5 2L F
RE LW T X —4518, fF & E B P40
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(56.3% FHH/17.2% ¥ ) AL H P10(27. 1% &
F1/29.8% ¥ ) fal B AT 64 14 d 5, mE A4
GK i 14 & % F B, i mRNA ik K062 57
fEH Mt N A, W BT 8§ ( Pagellus
bogaraveo) "™ i fE{E ]IS, [W ML 4 h Fl 24 h
Ja.mEALN GK iEH B EMFMEAL, &
e B A, & E A A EHE R ) | R
PESEL GK G .

Ak v 2 P B A A O 2R A AR 1Y S )
F 3Lk FBPase 8¢ G6Pase ) 3 15, Kirchner
SO 4 AN R B AR RE (26, 7% (35, 7% |
48.7% KN 55. 4% ) fa) M2 o7 i | 2% 5 2% B FBPase |
G6Pase {5 1 S 25 1 22 1k 7K 7 24 Bifi )Rk £ 1 ok B
F 84 00 7 94 0, Kirchner 257 J5 2 6 X T 6 14 52
5, Db K AE A fa 28 g8 5 88 ( Dentex
dentex ) ™" | BR Y W OB B 5T 4 SR 8 2
FBPase [ i 8 Kk K- F SR EhER ST EE
TEAAE o AR, bk v 86 1 o o 7
VB R 55— AW SR 2R 6 Bl GO Pase 1 I P
ERBAKE B E R, (AEREHARET S
P R A A 2 B Y o R AL
24 GO6Pase I MEHG R

BT 5 B 7K Ak A 0 1 LA AR i £ 9
YE I AT fE & i i kinase B ((Akt)/TOR {5 5 i f§
AT o AR DR M 6 B 6% 5 4 ) X
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Progress in research on the regulation of glucose sensing and
carbohydrate metabolism in fish

YANG Liping, QIN Chaobin, ZHENG Wenjia, LU Ronghua, NIE Guoxing"
(College of Fisheries ,Henan Normal University , Xinxiang 453007 ,China)

Abstract: The utilization of carbohydrate in fish seems low compared with terrestrial animals, with
intolerance to hyperglycemia,but the glucose regulation mechanism does exist in fish. In order to update the
studies on glucosensing and carbohydrate metabolism in fish, and provide basic information for getting a
better understanding about these physiological mechanisms, this review briefly introduced the progress of
research on glucose sensing and its relationship with appetite, and the regulation of glucose metabolism in
fish. The piscine glucose sensors were located in the different parts of the body, including central nervous
system ( CNS ) and peripheral tissues. It is worth noting that both the glucose sensors and appestat are located
in the hypothalamus, and they are also both regulated by some endocrine factors, such as leptin, ghrelin,
cholecystokinin( CCK) , neuropeptide Y (NPY ) , and so on. In mammals, the glucose sensing and appetite
regulation were linked by AMP-activated protein kinase ( AMPK ) and mammalian target of rapamycin
(mTOR ) signaling pathways. Although this link has not been identified yet in fish, it was found that the
energy state or some endocrine factors of fish were highly related with AMPK or mTOR phosphorylation
levels. Probably this link was presumably similar to that in mammalian. In addition, the blood glucose levels
of fish were regulated by some endocrine factors such as insulin, glucagon-like peptide-1 ( GLP-1) , ghrelin,
CCK,NPY, somatostatin( SS) , etc. Besides, the glycometabolism and utilization in fish was aslo regulated by
dietary nutrients including carbohydrate, lipid and protein. High-carbohydrate diet increased the activity and
mRNA expression of glucose kinase ( GK) in the liver of fish,and the glycolysis were also strengthened,even
in the early development. Moreover, the hepatic gluconeogenesis in omnivorous species was inhibited by
high-carbohydrate diet,but unaffected in carnivorous. Furthermore, High-fat diet promoted the glycolysis in
some species,and the gluconeogenesis was also promoted both by high-fat and high-protein diets. However,
there are still some questions that need further research. Finally, the development tendency and research
hotspot in the carbohydrate metabolism of fish were discussed. For example, how the CNS integrate the
nutritional ,endocrine and other signals to regulate food intake in fish? what is the mechanism behind the
differences between herbivorous,omnivorous and carnivorous species in glucose tolerance and the regulation
of hepatic gluconeogenesis,etc.

Key words; fish; glycometabolism; nutritional regulation; endocrine regulation; glucose sensor;
food intake

Corresponding author: NIE Guoxing. E-mail ; niegx@ htu. cn

http : // www. scxuebao. cn



