Eh B X14REE (Pampus argenteus)Na'/K'-ATP E§3E & IN5EE
EE IR B RRERR

RGeS, B, A, ik
(L DR BB AR PR, Al AR 3 il PR BRI S %, iy

200090;
2. KRR S4B 201306)

WE: KRB mAEIRE 14, 25, 36 0 R 96h, KA [F) 3h FE 20 A0 AS [ 16 0] i 4R 6 %)) fa i
Na+/K+-ATP(NKA)EGE 7). MIEE KB (GH) R EAEKET 1 (IGF- 1)FEARPRLIE. 4R E
AN, B NKA BEE I 7E = Flh B N Bk 20k ETHEWRE AR, Hobm a0l 14 $h5% 48h i), HIEH R & &
THEAEP <0.05), 36 FEHM MK GH IRE —BHRFEER /KT, BS5HLTHNFEEE Z R (P <0.05),
8h B NS AP E R E. 14 ShEEAR 36 T AN IGF- [ IREH 2B LA EWRE AL, 14 $h R4 MG
WARIKERA T T ESEH, HA 8h. 24h il 48h i B 2w T HE TR EH(P < 0.05). AiRL K I
REREEERL(14 A 25)0), 17 GH RS NKA BG ) 2R 3 IEA OGP < 0.01); = h &R (36 Fl 25)H,
ML ZIRIE 5 NKA BEE /2 B E AP < 0.01). H4h, MIEMA RS IGF- T K E A W53 FA
K(P < 0.01). WFFCUEHAREESIAIEE A F LR, 68 NKA B, AKEE. IGF- 1 A REBEEIA
WG EEEM, AR MR — e K Ek

KRR, AR6E, EhE, Na'/K'-ATP i, BiEEHT, MR

The effects of salinity on Na+/K+-ATPase activity and
plasma osmoregulatory hormone concentration in silver

pomfret (Pampus argenteus)
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(1 Key Laboratory of East China Sea & Oceanic Fishery Resources Exploitation and Utilization, Ministry of
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China; 2:College of fisheries and life, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The juvenile silver pomfret were cultured in salinity 14, 25, 36 for 96h. And their gill Na+/K+-ATPase
(NKA) activity, plasma growth hormone, Insulin-like growth factor- I (IGF-1) and prolactin (PRL)
concentrations were tested with different salinity and time in this experiment. The results show that gill NKA
activities increased firstly then recovered as a whole; salinity 14 at 48h, the highest point, was significantly
different from other points (P < 0.05).The plasma GH concentrations of salinity 36 which keeping high levels were
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significantly different from other salinity (P < 0.05), and point at 8h was the highest value. The plasma IGF- [
concentrations of salinity 14 and 36 both increased firstly then recovered. The plasma PRL concentrations of
salinity 14 were always higher than other salinity groups, and its points at 8h, 24h and 48h were significantly
higher (P < 0.05). This experiment also found that plasma GH concentration and gill NKA activity were
significantly positively correlated (P < 0.01) in low salinity adaption (14 and 25); plasma PRL concentration and
gill NKA activity were significantly negatively correlated (P < 0.01) in high salinity adaption (36 and 25). In
addition, plasma PRL and IGF- I concentrations were significantly positively correlated (P < 0.01). This research
proved that gill NKA, plasma GH, PRL and IGF- I were involved in osmoregulation of silver pomfret adapting
for different salinity.

Key words: silver pomfret; salinity; Na'/K*-ATPase; osmoregulation; hormone

1 AIE

TEANIR #h B2 K A, SN AERF A N IZE IR AGE , W ABEAT 2@ T o /K i £
FIBE T RE TR T8/ Fr B R S 4 i (chloride cells,  HI T P37 7E R R 2R RiAA,
I RABFR mitochondria-rich cells) & T 462 TR fom s, M &F FF 1Lk A
Na'/K"™-ATP fif(NKA), TN iz taeE . NKA f27E T Tz, HIhhe
SEEER ATP FIES 7, S 540 A 5 Na'5 KT 32 2h s s, DAAERFAI N & KTy 4Rt
7 Na' ) B 116 (Shigehisa et al, 2003; Charlotte et al, 2010; F K%, 2011). NKA &
SRS O, WA2BE KT R 12 (Ryan etal, 2001; Madsen etal, 1996).

#WRBFERFTE LOMEAIRZI, . 0K 1)1 352 4 K (growth
hormone, GH). i & & ke K1 1 (insulin-like growth factor- I , IGF-1). Kz JiiE (cortisol)
SR KRR K R3E U 32 1 FL K (prolactin, PRL)%E. 125 GH 5 IGF- 1 AI 0 IF 4%
B NKA VEPE DL S 40 9% H (Ryan et al, 2001; Eddie et al, 2005). 4424 IGF-
[ FEZEEAL, GH fei¥E IGF- 1 1A, IGF- T W EEAEH T4, /5 GH(Takashi et al,
2012; HERAE, 2012). PRL ) SR 285E By /K AL i ) — Fh B ER TR, AR TR
IEARN B IR RSN K I BEN, B N ds BE@E e, (0S4 AS /N I NKA 35 1 (X1
GatfE, 2011; Juanetal, 2002; Toshihiroetal, 2004). [Hit, WFtFRiEEE ., 1RALRERE
NKA HZ 5 R IME, =& AR ERRAMUCEAERMME, S IRmEA
WA —E LR E .

R fiE (Pampus argenteus)3 & & 7 H (Perciformes). fiE&}(Stromateidae), | 2434 T-EIREE
FERIPU A PP s, A2 v [ 3 A 0 A (AU 45, 2002; TEJEIS4E, 2009). 70461
W ZR S SRR AR BE AR B AR A T NI AL BOR KR & XI5, &= MIFEA R4
S REENE  FEREIEGE 4 (Zhao et al, 2011; ZEFAE, 2003), i KhE Y A 5 AR
ZRBR. B, EHERREEIRE P F I EERN R — RIS EET, H.
B AL B A BE . ATP i DL Sl V8 AL 35 2R e A B (&%, 2011; Yinetal,
2011; JtKAE, 2010). {HANIE #H R BRI A NKA FEYERIREIE, DL =38 B LG Rk
ANEAR, ARG R U@ I AS [ £5 BE (14 25+ 36) 441 FARBEAE NKA 754 3%+ GH. IGF-
[ A1 PRL B2 (AR A AR BLOGIRI) J0 i, e — R AR FUARSE 1235 R R 15 AL SR fi 7%
B

2 BRERE

2.1 5 H SR
B8 B T AN LRRE L T — AR5 (90 H k), XK 7.1140.72 cm, 18



R 7.2842.31 g, I AE 2 m® [ B 3340 S 6 A7 P b AT o k6 P ZK R v P A BB P R ARV K (B8
& 25), I AREIC B S S A K (B 36), BREHESE B oR/KAC EAR SR /K (R 14).
WI6 FHKECH G A2 48h JEfEH . 4 d 8:00(am)i fr M —REC &kl WAl AR AR R
27H.0 C, AW, & d B FERER R K 25%, [FRIR LS9 &% E, &
5 HAE L, GiitAET B L.

2.2 AETH

SRR 14 25, 36, DAELhFE 25 [FRARME K N HRA, BN B & 3 AN1AT S
L9 Mo BEALN TR I AR AR H 3 BN TR IS, B FRAR0E 48h, FRE N
T 33 B RILH IR 5 iET KB BT, 7E 24h N RIRA BB K. MRSk
THACEE, MXTIRZHEUVREAE it ts Oh, FHOFLaTHRS, 7E 8. 24. 48. 96h HUFE, H-PATHRRK
3.

2.3 BUFERI IR Fe bm

HORE T PRAADRE— Ik, MS222(200 mo/L)H4 fapkivefa,  F 1ml 5T 28 (Filve) IR 3
FKAMEL M, 4°C FFE 12 /N, 2500 %550 5min, B EiEW, BT 1.5ml 808 $1-20°C
TrA7, AL GH. IGF- 1 A PRL & & . B8 A fo i M B T ok s, B 224 4°C
BB ER KT . UG A, IR, BT 1.5ml SO H-20CIHRTE, HL
T NKA BEE S5,

i NKA BEE AT B S A i (pH 7.4, 0.01mol/L Tris-HCI, 0.0001mol/L
EDTA-2Na, 0.01mol/L FE#E, 0.8%NaCl)H BYf#, FH5JHAL 15000r/min BFEEHI KA 9K . K
EESLHL 4°CF 1500r/min, B0 Smin, B EIE AT IIEGE . NKA B 7 LL ATP B 7 i ATP
A= B ADP FITEHLBE, 5 TEH U & &R I ATP BEE J ek R AR sl B TREWF
BT A= 1) Na" K™ -ATPase S5 G AT MBS, JCHLBEI e SR AR L, (R A 25 5 37 s i vk
EEAGE, PLUTHE NKA BELTE /1. NKA B #4674 umol Pi/mg protein/h.

MiFAKEZER . IGF- 1 A PRL 2 & Al R A XU &0 Bl Bk G2 W B (ELISA), 1 H
MK 2K ELISA A& (SIGMA). Rl [ BN oK ERAKEER . IGF- 1 8 PRL Hiogf#
PGSR, SHRTEIEEHRP)FRCH PR N, FH P B BRI (TMB) &,
HSE IR G B v SR B . IS AR KR . IGF- T 8L PRL 3K B2 5674 ng/ml.

2.4 BBEGT 5T

RIG L5 A SPSS 19.0 BTG 54007 IsH BN E I 24007, SeidkiT 7 2551k
56, ANWE R T ZE TR, B AT B AR B ECT TR 4, ARJ5 KA Duncan’s #3647
ZENE, P<0.05 VA REEZER, H¥EUSFIME AR Z (Mean £ SD)ER IR . FaFRIEIH
BEMER ] Pearson AHS RS, HEMEKT NP < 0.05. F excel 2007 24| RIZE J <Hkita 4
25,

IGR

3.1 i Na'/K*-ATP B§JE 5

BEE [ ER, AR T NKA BE /2B 1 fR. 14 $hEE4H NKA BE 5424
2 EFAERE IR, 1E 8h 5 48h B B /MEAE, HIEE 22 & T H e E(P < 0.05),
Horp agh SR A ;s 25 $hREA NKA BE I7E 24h BB B m e, SRR, 1&E S
BEAAAE T E Z R (P < 0.05); 36 th/E4H NKA Bl 12 ETHEaY, 24, 48 Al 96h 15 %
FHIUEME (P < 0.05). &S TE] S, 8h 5 48h I} 14 EhFF4L i IIgfE, H B E s T HAb L



(P <0.05), 255 36 #h5E 4 UEAE A5 A 2 2 v T L R (R AE (P < 0.05).

3.00
~ 2.50
2200 Aa
s T salinity
= th R
- Q& E25
£ 100 BiE36
-
2
Z 0.50

0.00

Oh 8h 24h 48h 96h
B (A time

Bl 1 ShEEXTA AR A NKA BEEE s
Na+/K+ATP FiiE 77 54A0:  pmol Pi/mg protein/h. AN [F KRS T 8E 7R [F] — SR 4 A2 78 1535 72 (P < 0.05),
ANF)/ING BRI [R] — I 8] 55 A7 A 3 72 57 (P < 0.05)
Fig. 1 The effects of salinity on the gill NKA activity of juvenile silver pomfret
The unit of Na+/K+ATPase activity: pmol Pi/mg protein/h. Different uppercase letters indicate enzyme activities
elapsed of time are significantly different from each other in the same salinity group (P < 0.05). Different
lowercase letters indicate enzyme activities treated with different salinity are significantly different from each

other in the same time (P < 0.05).

3.2 Ifili GH K&

ANIF B FE S N AR BRI IS GH WK FERIEOL WK 2 Fi7r. 14 $hFE4H GH ¥ EELE 48h
LA, 1 AR R AR AN 23 (P > 0.05); 25 Eh 4 GH ik 2 sh %4, 78 96h
IEFNEAE, BT HAMEP <0.05); 36 HFE4 GH IKREETE 8h HI B, ORI MK
T, SAHY R ST AIAE On(P < 0.05). Al i, 36 ShAE A A E, H5HAhd
BIFEREZR(P <0.05), Hr 8hE A4 mEHE.



8.00

7.00

6.00
= 5.00 salinity
5 thRr
£ 400 mEF1
s OEE2s
- 300 BEF36

2.00

1.00

0.00

Oh 8h 24h 48h 96h
Bf 8] time

B 2 hEERHEEESN M IE GH IR BRI
MyE GH IREEHAL: ng/mL. ANFKEFRRREEAPHAEREZRP <0.05), NHE/NGFRERREH
HHAEE W35 7 (P < 0.05).
Fig. 2 The effects of salinity on the plasma GH concentration of juvenile silver pomfret
The unit of plasma GH concentration: ng/mL. Different uppercase letters indicate GH concentrations elapsed of
time are significantly different from each other in the same salinity group (P < 0.05). Different lowercase letters
indicate GH concentrations treated with different salinity are significantly different from each other in the same
time (P < 0.05).

3.3 i IGF- I kB

AR ERFE A NARBE AN I3 IGF- T iR AR B LI 3. 14 ShEE4H IGF- 1 IKE 2 |
THa W A4k, WAL HFILLE 24h, 8h Fl 24h B3 T HAMME(P < 0.05), H. 24h i &40
{25 HhPFEAL IGF- [ IRFE R iksh EAES, HmfEA 96h, SWIHEAREEREP <
0.05); 36 ThEEA IGF- 1 IR _F S, WE(E N 24h, WEAE 3% =T Oh 11 96h 1B (P < 0.05).
BEAE I A, KSR SR A IGF- [ IREH S FAE Mk, 8h 5 24h i RE & T
XTHRZA (P < 0.05); 48h JEREREELL IGF- T W TR 2, 96h BIXFHEZ IGF- [ Ik R EE T
14 A1 36 LA .



550

50.0

45.0

40.0
= 350 salinity
I%J 30.0 = —
g7 BEE14

150 BEE36

10.0

5.0

0.0

Oh 8h 24h 48h 96h
B8] time

B 3 HhEXHREEL M T IGF- 1 IREMEM
I3 1GF-1 WEEHAL: ngimL. ANFIKS FRERIR B H AP 7E B35 % (P < 0.05), A[A/NG FRER R
B 20 HP AR L 35 72 7 (P < 0.05)
Fig. 3 The effects of salinity on the plasma IGF- I concentration of juvenile silver pomfret
The unit of plasma IGF- I concentration: ng/mL. Different uppercase letters indicate IGF- I concentrations elapsed
of time are significantly different from each other in the same salinity group (P < 0.05). Different lowercase letters
indicate IGF- I concentrations treated with different salinity are significantly different from each other in the same
time (P < 0.05).

3.4 i PRL R

BEI (A RS, ANE RN ARBEL i PRL IR AL S WA 4. 14 T4 PRL ik
R FFHERE AR, WEEHIE 24h H2 & A s, 8h Ml 24h B3 & TIHAMMEP <
0.05); 25 #h/E2H PRL M S sh#E R, 8h. 48h 1 96h 18 & & T Oh A1 24h {H (P < 0.05);
36 EhEF AL 50 EAR L3482 10L, 8hy 24h A1 96h {E .3 = T Oh A1 48h {E (P < 0.05). #EA[A
W) A, 14 ShEEAE G B, Horb 8h. 24h AT 48h I B 2 E T HAB AL AL (P < 0.05);
25 R ARAL T 36 EhFEE AL, PHALTE 24h 1 48h WA 13 2 (P < 0.05).



55.0

50.0
45.0
40.0
= 350 salinity
& 300 $E14
S 250 32
=~ 200 N
HE36
15.0
10.0
5.0
0.0
Oh 8h 24h 48h 96h
B A time

4 EEEXHREESN 1 M PRL WREE KIS
MIEHEA R AAL: ng/mL. ANFEKRE FRER R ER A AR 2% % 7 (P < 0.05), AF/NG FRERIRI
B 20 HP AR L 35 72 7 (P < 0.05)
Fig. 4 The effects of salinity on the plasma PRL concentration of juvenile silver pomfret
The unit of plasma PRL concentration: ng/mL. Different uppercase letters indicate PRL concentrations elapsed of
time are significantly different from each other in the same salinity group (P < 0.05). Different lowercase letters
indicate PRL concentrations treated with different salinity are significantly different from each other in the same
time (P < 0.05).

3.5 NKA 5383% F i35 3R 8] R B 4

NKA BE 715 GH WREERIAH I a0 5A Fivm . AREhFEIG M (14 #hFE4H S 25 3R REXT
M), NKA 15715 GH IRFEEMASCHEA A Y = 0.770X + 3.759, X N NKA & 41, YA
GH ¥ fE, w4 R?=0.469, R(Pearson Correlation) = 0.685, P(1-tailed) = 1.1*10 * < 0.01,
A DL AR (R IE A e (P < 0.01) . Hor IR 4E 96h 55 GH IR FE i, ANTHEAEN, it
BONKTHEZE 96h fi 5, R(Pearson Correlation) = 0.535, P(1-tailed) = 0.002, R?=0.286, &%
W E A OG, (HAT SRR, mEREIE N (36 ShE4E 25 ShAXTHHA), NKA BEE 15
GH WM MAG 56 . R(Pearson Correlation) = 0.180, P(1-tailed) = 0.184 > 0.05, W& fHoc1:
AT

NKA Figid /75 PRL IR B 1) SR UN ] 5B FIT/R o 5 25 5 3 S (36 26 5 FH 25 58 X HE4H),
Wi M FMETTRE Y = —9.712X + 46.978, X A NKA BEWE /7, Y Jy PRL MK EE, W] 481 R? = 0.433,
R(Pearson Correlation) = —0.658, P(1-tailed) = 1.9*10 * < 0.01, P& £ # .2 1 AH (P < 0.01),
Horh A dE 14 355 96h . AREREEE NN (14 Eh AT 25 ShAEXTIEAH), NKA G 715 PRL
WEA RS . R(Pearson Correlation) = —0.205, P(1-tailed) = 0.168 > 0.05, Fj# #HItEA
BT

FEh, AR T PRL 5 IGF- T WRFEMIAHCHE(E] 5C). K ELFEIE M (14 #hFEAI
25 HFEXTIAL), WE A MEARX N Y =0.561X +15.990, X N PRLIKEE, Y N IGF- 1 K[,
A% R = 0.585, R(Pearson Correlation) = 0.765, P(1-tailed) = 1.7*10 ° < 0.01, #J L2 &
W IEAHOG(P < 0.01) . 5 3k BEIE MR (36 R EE2H 5 25 EhEXTHRA), PRL 5 IGF- T ikFEAH
KA : R(Pearson Correlation) = 0.173, P(1-tailed) = 0.194 > 0.05, W& AHIMEARROL. T
WA £ B AT AR GRS . R(Pearson Correlation) = 0.519, P(1-tailed) = 3.6*10 * < 0.01,



AR B LB, HAr£EdE R? = 0.269.
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Bl 5 SREBLNHAIBE R TER & NKA BEE 7KK
(A) 14 5 25 HhEAAE NKA BE 75 5 100 GH WK EZRIAR S ; (B) 36 A1 25 R 2H 8 NKA B /1 5 1% PRL
WREEMARSCTE: (C) 14 A1 25 hEEALIMLIE PRL 5 IGF- T ¥R FEEAIAR DG
Fig. 5 The correlations among osmoregulation hormones and NKA activity of juvenile silver pomfret
(A) The correlation between gill NKA activity and plasma GH concentration in salinity 14 and 25 groups; (B) The
correlation between gill NKA activity and plasma PRL concentration in salinity 36 and 25 groups; (C) The
correlation between plasma PRL and IGF- I concentration in salinity 14 and 25 groups.

IGF- T 2/-'% GH fER M E S, Aot ARG EdR 5, e IGF- 15 GH K
FE(RERIER. R = —0.208, P = 0.149; ##hiER R = 0.345, P = 0.078). IiF IGF- [ #KE 5
NKA g% (K EEE M R = -0.126, P =0.265; mihiEM R =-0.189, P =0.173)[IAH5 MR
fIK(P > 0.05), fEMAXZ:H: 36 FhFEH = F B EHAXNTLL(E 6A. B). 36 #hEE4H, GH I
WEH LT 8h, L IGF- 1 1) 24h B& BL. NKA BEE /75 IGF- 1 MR EELE Oh 22 24h I A2 {b i 35k
A=, IGF- 1 IRJEAE 24h BIA RS T I, NKA BT 70 2] 48h J5 &5 T FE

36t EHGHEIGF-1xT H,
350 - m /= 5 *F 500 6A
7.50 T 1 40
1
= 4 400 =
6.50 £~ @ £
= &
: \§\§7 | seo E,
st 5.50 _ =
= Y 4 300 =
= 450 ~
= 4 25.0
350 1 200 ——GH
250 | | | | | | | | | | | | 150 |GF 1
0 8 16 24 32 40 48 56 64 72 80 88 96 104
B[] (h) time
36h FANKA 5IGF-1 %t 1, 6B
250 ¢ 4 500
=230 r 4 450
£ 2.10
5 4 400 _,
< 1.90 =
= 4 350 =
j=1
5 1.70 I 5
£ 150 = 4300 %
Pl ("9
= 1.30 1 250 &
£ 1.10
2 0.90 1200
2090 & —&— NKA
2 o070 L 1 150
Z
050 1 1 1 1 1 1 1 1 1 1 1 1 100

0 § 16 24 32 40 48 56 64 72 80 88 96 104 IGF-1

B[] (h) time
Kl 6 fREEL)fA 36 THEA IGF- [ IREE NKABRE ). GHIREXH
(AL GH 5 IGF- T iR AR IR L (B)SE NKA B /) 5103 IGF- T WREEAZ (i Zxf L.
Fig. 6 The contrast between IGF- I concentration and NKA activity, GH concentration of juvenile silver

pomfret treated with salinity 36



(A) the contrast of variation curve between plasma GH and IGF- I concentration; (B) the contrast of variation
curve between gill NKA activity and plasma IGF- 1 .

4 i71g

ST B 0 KT AP B P OIS, 8 I TRV NKA 25 S0 2 K B T
SRR AR PR, XA SR TR B IR 6 (1 7 S, 2007). ARG TR, HLg
G E R RE T, 8 NKA BEIE 7. M35 E K2 . IGF- 1 fl PRL JREE# 4 L T W) 51035
1%

4.1 HES NKA BES
Eddie %5(2002)#11 Lin %(2006)iA ) i PEAd & AT 7308 “ ms s E NKA JEPE” i
“URIBEFRELE NKA JEVE” PIFRISERY, DA 3 AN A 3R B2 264 N ik Bl #1298 NKA 5 71748
GOl “ B IR 5T NKA JE 7 /2%, il : K326 (Scophthalmus maximus) (Albert K et al,
2003). 43k fifj(Sparus aurata)(Juan et al, 2002). > #i {E£ (Poecilia latipinna)(Yang et al, 2009).
K7E 7 #%(Gadus morhua)(Larsen et al, 2011) LA A 55t 74 ¥ (Paralichthys lethostigma)(Christian
et al, 2008)HfE NKA 7 /188 NKAo JE K Rk 5B IR 2 IEAHOC. 1 “IREHEE = NKA
TP 7 A SR IE G - 5 £ (Mugil cephalus) 2l NKA 5 /375 5 F% 33 I e fik (T34, 2011);
2418 (Oplegnathus fasciatus)NKA % 71 7E £5 % 8 F1 38 4R T 28 52 (FMIB4E, 2010); K
JE 6 (Fundulus grandis) %/ ffif NKA J R 14 s sl HIRAE # 0.5, S fIG s #h )% 12(Joshua et
al, 2012); 7xff(Pagrus pagrus)ff i) NKA mRNA Kk 24 £ 53 08T 34 55 (Andrew et
al, 2011).

AR, RERZN A NKA BEiE UE =3B N aA 228 ETHEIRE AL, HixE
RN 14 FRIE ABh I, T ER AL NKA B 1: TN 22 T KA (011 H R o, 78
20, 15 {RERFEMaa AR ER L) 1 6 NKA BE 2L 5 AR5 — 2, 1 H. 20, 15 #RE L%
M dm . . B, HREETTREE T “IREIETE NKA WG 8. AR50t 4 24h
I B T R g, NKA 75 /75 GH. PRL FISRBER R 36 & b A, T PRL IR FELE BLH
NEAME, FIRESE NKA TG /i385 5 — RN RRE 22 N 2l 03508 e R 71 Rl BE AR AE 5
A HTBER R AEBENEBONE SR, FESGH P

4.2 #EE GH. IGF- 1 KE

GH AT IGF- T 147 Wik 206 Tt Rkt 2 4 AR /KGO B T 6+ EERIEA, R
7 1 0 S o S AT AR, 15 NKA 3% 77111 H (Takashi et al, 2012; Takahiro et al, 2012;
Anja et al, 2006). HAhfazs, 4. 7EFf(Sparus sarba) kR 7556, GH Al IGF- 1
AL TR AR AL EE NKAo AT B TE ISP Ll K NKA 5 77 5 2 18 Jin(Eddie et al, 2005); GH fi
a2k 8Cf fis(Morone saxatilis) & ) NKA v5 77(Madsen et al, 1996); X =y P4 453 (38 v 0 DL
Pt 43k, BRI (Anguilla vulgaris). J&%' % 9 (Oreochromis niloticus) BT xS fill
(Ictalurus punctatus)Zs 1 2511 GH 43 (Juan et al, 2002; Breves etal, 2010; Katherine et al,
2003); H4h, mEEh R LLiA S R A 6F (Paralichthys orbignyanus)GH 1 IGF- I mRNA )£
A BN (Karina et al, 2009). AiIGHR 4N 36 EhFE A0 MIE GH IR E— B AR EFEE R K
F, 5 ERIEHREHERE; RS 14 SEAW B HI T —ANEE, 14 EEREE AT A8
SR MR HBE R FTA OC,  TnT R 2 U E 0] m] B2 T AR I AR KB R TR BE B )
Breves 5§ A (2010)t & B 7K 5 1 BiK 3 77 (1) 5< 5% L 7 2 4F £ (Oreochromis mossambicus) fil
B GHIREEZERAK, 1N BUKFRE BR KB K, GH IREEAR IS G T %

AR5 14 EEFZA 36 FHZAIMIE IGF- [ IKEH LI ETHEIRE AL, X5 Karl



S N (2010) A 71 IR 7% 7K B 7K e 4 10 B 2 i 2B [R5 9 & | /11 (Sarotherodon melanotheron
heudelotii)f IGF- I mRNA FKiA 45 240, 1M Christian 25 A (2008)#F 5T B,  BE A %
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