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BE: "EMeXAEERAELNBHERATING, BUERALELCEAFEF LK.
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ERFEFAFRBET L LFBEEFNAAERSEEN TN, TEFINLFEHNES EN
114, WMEHATEAKKRMI R AKEL T NN EHHELR, BIFEYHNN L LF
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B, BRI TEXKRRAALYNAERBZ ST ARG EHELE P, NafaClig &
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FWTHE30; NKAaBE RN EIR, RHZERLFHBEMK, HEXRKGEOFKE T AL
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Digemy R 2 AR EY, ffRn] DU i 68 1 Rz 40 i 3k
JEE FEANa™-K* -ATPH(Na"-K" -ATPase,
NKA)E Pk X NKAAR R B [a (al, o2, o3), BIM
Fe IR ALK I I A R B AR AR NKASE il
R s i — N EENTERAE, 7E4E
5 4 B PN PR 5 A AR 2 09 g AL 1 rp R R
TER, RS aRBEIER I
—ELRR,

KEW A G AR, H e 5 57 5
BERA TR AL, S BT BUR ) T R [FIE, i
ARk KA MR S BUE I ESE, LA D
BRF 3T %) 15 3P0 VR B S AR R K R R AR ™, TR T
A6 875 IR AL TR A A oA A2 B S BR X
ARG E T AEHTH S 5, IR R ALY 5
T FRE R R R AL TS A . O FLE o R B AR
T K IR AR S 19 /K 3 Ny ) A% P IV 20 e . Na©,
K. CI' ¥ FINa" -K" -ATPEE P A0 52 K 3
RIRTHT, WL ERVE T A6 6531 35 P8 45 L] A&
JE I ) AR B N, Ak B Y TR Ak R BE B AL —
E ISR S

1 MEHSIE

L1 SERHH

S T AR R B K P 1 AR A R BT
A HEAT . SEEG XS 1R AR BT, 1A BT RS (100.00+
2.34)g, B IRAEERIE H30A9 K (5 mx5 mx1 m)
L 25 B R B 245 TR & AR B A K SR
. JRJE R (21.0£0.5) °C, pHIH 47.98~8.04, &
fift 48 & 9 6.90~8.54 mg/L, WEAHER£E<0.1 mg/L,
JeHEJE 141 - 10D,

1.2 FEaEME

S E S ERE (0. 10, 20, 30, 40),
304 bR EREE, SCEFFIRTT, BEPLPkEFRIE
EREECH30MIAEE30RE, B A EAH, B
BB EINPAT, LRHEITI0d, TR
B, BmAEREABGE MMM, HTEgE
JEME K 558 BT

1.3 RS

AR B30, IRACREUGEE B R TFEL0
M54k, 3 dERER N0, HK EF9:000%4:,
EER AT VAT HUORE o BORE RS [B) s AR B 0L 1,
2H13 dUA I IRARJE 1. 3. ST do SEEGBEE 34
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A, SCER T A 34300 LI K 5 IR K s, &
WFR1SRALST, Lo dkiFfrild,

SCEG AR H R, R R
T 21 (8:00~9:00 . 15:00~16:00)E 47545 ,
0.5 hi 1k FE 40, T HRERAEIFIE oK . HIE
IR, 0.5 WEWERERIEIF R In . i
K AP g K, IRAKHBERIE ARK, &
b B 20 FH K S i K 50 K TG A, Hfth 4%
ZHER R DL KRR 7K L
14 MARE. LERNE

SIS OIS A FHMS-222 AT BRI, BRI S
Sedb AT R KR I, SR 5 A ) 2E 1T 60 20 2L B
B LR T4 CORF T E3 hA SR )25, 4000 vmin
B0 10 minfl B L2 M, HF M E B35 R K&
Na™, K*, CUMREEM &2, H82HBL W Z K5
T —80° CEARIRVKAEIRAE, T HE22Na"-K'-
ATPRGIE PR g SR IR 5T 35 B8 ok
FH #5535 % JE X (Vapro-5520, 35 E)#EA7 I & ,
MR B EWRERFIR, & XH1 kg7 1 mmol
WU — 1838 S (mOsm/kg) . 22 Na'-K'-
ATPP TG 1 I 5 S H e ot 2 1A ) AR B 5 e
AR R R AT RN, R I S
P, BRI E TS UL AT o I B
HEITESZ O A Y, RISLRE 10K, 4
AR AR T T DA Y A 5 I T 75 OB e AN G ] R
JEKR S R S AR, i EHES
S5 S E LR A SO N ) [ AR B A I AR A

MW AL 8 (W NKA (NKAala, NKAalb,
NKAo3, NKAP)FEWIFH), it 5Lmf2¢ e
PCR(RT-PCR)F|#) (1), LA18S rRNAK NS K
, RJISYBR Green Premix Ex Tag ™ (TliRNaseH
Plus) i &, 7EApplied Biosystems StepOne™
Plus Real-Time PCRIX I #47 NKAKE P 7 16 7 5 21
Alh kA E . RT-PCRIZWFRFF . 95 °C,
2min; 95°C, 15s; B k15s; 72°C, 15s; &
A0MEIR, R CHAGIZ H2 A2k i ot e
= .

L5 HEALE

JIr A s Y 48 7 {8 45 E 22 (mean+SD)
FoRn, RJSPSS 1905 1 47 BRI 2 05 22 43
(One-Way ANOVA) M2 Duncan 5 45, I 4530
FERRIATAIICE T, LAP<0.05fF 225 8 7K.
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%=1 RT-PCRHBISIHIFT

Tab.1 Primer sequences used in RT-PCR assays

R genes 54 (5'-3")  primers (5'-3")

NKAola F: ACGCCTGAATGGGTCAAGT
R: TGGATACCGTAAGCGAGGAA
NKAolb F: CACAATGGCTCCCTGTCT
R: CATCCCGATCAACGAAGT
NKAo3 F: GGCGGGTCAATGAAGAAA
R: GGAGGTTGGGTGGAAAGG
NKAp F: GGCATCTTCATCGGAACCAT
R: GCCCACTTCGGATTTGTCTG
18S rRNA F: GGGTCCGAAGCGTTTACT
R: TCACCTCTAGCGGCACAA
2 4

21 HEREIRTNEEEEURFER

R EREFRFHBEETR EINE RS
a2 BrBe s — A2 N ER B 3035 i R 21 3h B 01
RACBYBE(O . 1, 281345 50 %F R f £8 B A 30,
20, 1010); 75— A6 05 7E IR 7K H 38 1 B B
(4. 6. SHITO%Z Xt N Hy J& b FE R M OS5 U5 1
3. SHITR). #hEEIRAL Bl N FE b, 46 9 1L 7
BEEAGE R SR, L1 B 5 KRS 5L W
BRI R, BRI ond HAE fe ik o 73 B 30
W1 A B8 R B 3w T aE 0 dis i {E
(P<0.05), {H 55 F 1009 I35 12 35 6l G i 3%
PSR, MEMEBBERA TH, HERAR
BE &),

b S BT E ANENE ot 2R B
L7 78 385 R MUK AR B 358 i 2 1) 5 4R PR 56 (R°=
0.942 1, P=0.007), [F11H B £k 5 %38 2 (1 38 A5 % R
(K35 3 JF 40.343 Osm/kg, JIF % 7 4 £k 5 B hy 45
B, N11.4(52).,

22 HERUELIWHNa, K\ CIIKE

EREESC R, AR B BT vk B AR fb g5 R
BoR, M¥ENa™, Cl ¥k BB 5 AR L $H
1, Bl R BRI AR, R RS 0)5 IS
7 W BE AT BT 11 TF . Na e B 78 $5 )3 o 04 f 1%
B o XK A ) AR BE 3O K S . FEE RN BTN,
Na VS5 E302R AR E . CUREERE
105K, 0 % T35 B 30mF (19 1k i (P<0.05), 1M

5001 ¢ ¢
_ b b b o a b
%‘)%400- - 5
3 S 300 -
£
= 2 200
=
gg 100 4
fr
= 0

0 1 2 3 4 6 8 10
P e A3

periods of two treatments

1 RENEEMESIEERIE
A IR - B2 R A 18] R 58] ML 375 95 38 R AT 8 35 1 2% & (P<0.05),
TH
Fig.1 Effect of salinity on osmolality in serum of
L. maculatus

Different letters indicate significant differences in serum osmolality

between different days (P<0.05), the same below

1.4
w127 Y
%é E 1.0 1 isotonic 1_i_ne '
S<E 08+ '
5z $=0.041 7x +0.328 6
2 067 (0343/11.4) -~ R2=0.942 1,P=0.007
‘f’ﬁ\\} 2 0.4 1 _ .‘. — -— —-— .
fir g "
E 0.2

0 .

0 02 04 06 08 1.0 12
KA %575 [/ (mol/kg)

medium osmolality

2 #EHMFSEEFMKEESEEZBEHXER
Fig.2 Relationship between serum osmolality and

medium osmolality in L. maculatus

HIgok e EaS . HERER0EMIE N BB
ClREE# KRR TC P22 5, H 5 EREE300H
W 2R . KWRETERARMN BT
e Ja T ke s, e 204 i ik, 7E4R o4l
PR R, RS N KR B i T AR B304
HA@ IS 1, 4R B & & T304 MK Mk
(P<0.05) M ML 385 5 55 - 1) v 2 A2 kR 2 43 #
IM.7% Na 78 4k ¢ K (101.8~163.8 mmol/L)([K13).

2.3 TEBAHE4A 40Na'-K-ATPEGE 14

RS R, EHTEEZH ZINa-K -ATPEE 15
PEAEAL &S R WoR, SR AR AL BOR AKGE R o 7 Xt
A6 8 ) Na - K -ATPHEG & M52 B 5 . 7EIRfL By
B, 642U Na -K -ATPEF I M 52 LSE PR ARG TH

http://www.scxuebao.cn


http://www.scxuebao.cn

1202 KopE o R 245

200 1
ab £ &5 ab
150 A
100 -

50 1

I7ENa ¥ B /(mmol/L)

the concentration of Na'in serum
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521

g
=
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O
£ o
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g a
[Sl=!
#r 8
= g
=38
(5]
k=

50
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46
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42 |
0 1 2 3 4 6 8 10

PAASANTR] R Ak 2

periods of two treatments

3 EEXNEEMESTFRENIE
Fig. 3 Effects of different salinities on serum ion

concentration in L. maculatus

EHA, EhE 10 Na -K -ATPEF 1% M i ik, B3
T AR E A (P<0.05); 15 302 J5 HY3E 1
BrBf, Na'-K'-ATPH§ S 2812 BT It i TR,
B35 58 A% T 382 3040 (P<0.05)(E14)
2.4 HESISTEESERLA L0 R NKA B FEFRIX
5 A Ak ) 4K 5 65 2 BUNKAFE R % %38
SR BN, ERKIR AL BOR oK 3E B 3 i X NKA
HEHN R EBINKAala. NKAalb, NKAa3FINKABKH)
mRNAR B A AW R B0 . NKAalaFl
NK Ao\ b7E £h BE 5206 1 A5 v 35 52 B R AR T+
MIREHA . A NKAalaft) 2655 17 $5 B 100 52 80
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0 1 2 3 4 6 8 10
PANAN [7] 9 40 1

periods of two treatments

82 ZANa*-K+-ATPEHE 14/(U/mg prot)
the activity of Na*-K*-ATP enzyme in gill

4 EhEXTEEFER4A N -K -ATPES R MBI 21
Fig. 4 Effect of salinity on Na'-K'-ATP enzyme activity

in gill tissue of L. maculatus

AR, BEE BT E, JFAEE N R 553 R
HZRIRIKF 3 T i Je PR RERS e 58 . NKAalb
FIR B IEIR AL B BE ) B K T3 30(P<0.05)
FEIRKIE WIS 1 K B e AR, SR H#
KREEEFEIFRIFREEE LR R, RK
15 58 BAR T Eh 30, NKA3LEER B 300 Fik & i
FE T HALA, A H AT R S R IR 2 R
o NKABTEIR KE N i 7 v i 236 1 B s
WAL R R IR, 40 50 78 WA B B v ) 4% 15 (]
HRIR2ZEF AR E(ES).
2.5 TEEER M R B IEFREI B HE R

XiF At £ BE IR AR B B A5 F8 A 1) AT A 6 1
AT, SR EIR, Na' ¥ BRI B3 K A A O
FECH0.972, B IEM KL (P<0.05), KL 6T
L35 13 125 T 3 232 Na Wk i (152 1 ; Na'-K - A TP
WAL RINK Aol a3t 3k 09 M O R KN
0.991, 2R3 IEAMCEKR(P<0.01), Hll
NKAolat H 2835 Na'-K -A TP i M i = 2 1))
e AN (22)

3 W

J7E R 2R B B 0 B R A AL
i, REMETEAL R ER LRI N AFTE IR A K. 4T
R MR AL T IR KR BRI, AR TR BRI
BT BB s A T KA,
e BEHLH AP L B A B T R A LR B KRS
XL LT R S R Y R R 4 R ok
I N A SR B ) R B AR A o AR S5 DA B I 3
BiER . BT I Na-K -ATPH# G 1 f
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LRSSV

LEROE TN 3

252 NKAala
2.0 2 a
é abe = ab
IE 2 1.5+
ﬁg ; ed bed
S 1.0- c d
Z o 1.0
junn L
= 054
e
0- . . . -
0 1 2 3 4 6 8 10
PIANANIR] 0 b 25
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41 NKAa3
g 3
i %
&
Te b
Eg | | | ﬂmﬂ
e
0-! . . . .
o 1 2 3 4 6 8 10
PSR R AL 2E Y
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4- NKAalb
a
837
(5
g 2 b b b
E be be
2, «d g
e
0- . . . .
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2.5- NKAp
£ 504 =5 ab ab
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&
s
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5 EEXTEEAERALANKARERILH M
Fig. 5 Effects of different salinities on the expression of NKA genes in gill

®2 RERUNEREFNSIERENEX S
Tab.2 The correlation analysis between the various
indicators of L. maculatus in

the phases of sea water desalination

B N K o
osmolality in serum 0.972%  —0.513 0.751

Na'-K'-ATPE§IE
Na'-K'-ATPase

NKAala NKAalb NKAo3  NKAS

0.991**%  0.921 0.885 0.863

W ROREFMR (P<0.05); “**” LRI F AL (P<0.01)
Notes:“*” significant positive correlations (P<0.05); “**” extreme
significant positive correlations (P<0.01)

NKAREDR ZRIRAZA AR B WAL X AL P 520
30 HEBENEHMFSEE. BFRE
AT

oA E G AR IR OK b K, ) Hh PR
ML 953 375 T 3 5 A 35 70 AR RS E Y RN 7R
EE A S, TR o AT T B RO R A
WEPEE T, Sl ML B PR AL, xR T
FUK IR 3 SN IR 1 Fa e, AR
ftse i, ERESCR Ao AP B — A&

R30I W I 2N ER B ORIR LB B s o3 — IRk
fipi 7 £h BE O IR K A W B B . B R W, TR
RACBT B, AL 1L 3% Fs fiNa™ . C1 vk B #f bl
&R RN 2 N B, IR IR K S N By
Brgmml gy, TR . XS5 S5REEN
X B B2 &2 WP 5§ £f1.( Synechogobius ommaturus) i
FEAAAL, TEERBEO~SOYE [Py, il v 18 % A
Fom SR EEAEEMIK, A5 b7 AE
B ER B IR AL B Br, Na Vi B F1IML R 98 385 e B9 A ¢
PEST BT 52 W 25 AH DG, X 28T Bk 2 A AR
RIL, AR A RN B Th B TRk gE . B
BIEW TS, W T 8 (Paralichthys olivaceus)'™
v Z& v B AE Ml (Oreochromis mossambicus)™ . 5,
W T 1 (Siganus guttatus)' . [NIE# (Acipenser stel-
latus)'" 55 o TEARSLE Y, AEHTFEIR K S MF T 1Y
2R, MEBEEMSE FIHRERSE TRE,
Ui P A6 5 7 25 0 %) R B IS N Be O, (HER RIS
AT PN NS 7 E N = Wi B [ DO & ek
0 AR R 2 — 1 25 5 o A O i f UUR AR
B (Pampus argenteus)4)] 101 3K 15 15 & S B F Uk
JE B AR AR ER W8 J5 PSS 2~3 K TR e, DRIB B
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15 (Trachinotus ovatus)' "7E 5 FE I 10 J5 155 4K,
MK B EEE TRE .. fERA LR
KO AR A6 5 R R U BN O A B R R G
Ve, HEWTIE B A B B IS N R, AR AT
ST ) EJENaT, HRECT
32 FERREEMBXEE Na-K -ATPH
ARSI

HEREE AR R EWB B,
H1Na'-K'-ATPRSE 2 51535 I8 12 i 1 2 0 A QG
Z—, HFEEHWIGRES SHMANINa 5K 1
F s iE, I HE T ATPARY K i R 45 Fh s 1
Wi sl 1, FEARSE T, Na'-K'-ATPfif
TG 1 32 3h B AR S 25, FEXT W) 83 (A. med-
irostris)'” . HREGLN Y &L W (Sparus aurata)™
KVGPEEES (Gadus morhua)® 45 22 R i - 0,25 1) A
FPHR R, Na'-K'-ATPHf 5 8 B (911 2h 28 1k 52
B WA OGP R UL, FBR
BIE—FRR R R BRE . A E NN, K
A FEB T, PURMAR I FERE D, 1R
WK F FR A, Na'-K'-ATPH G M 5 AR,
TSR IEXT BRI SR iR g f RS R R, 5
IEH KGO, KA G. 100 15, 20,
25) 1 7 Eh 20 (35) 1Y il 22 Na -K - ATPiff 1% P i %5 £h
JERRE R U BRI A, TEERE3S5hem, 208K
5% 118 (Oplegnathus fasciatus)Eh & W38 5256 25
WoR, XL IE R KSR B2 (28), (RERA ) FI
Eh 2 (38) I Na -K - ATP i M 48 W 2 7 120,
WL kB, T v 2R e IR R B Y
Az KK K AT AP, X nT RS O AR
VLR LY, kB B RO RAL . A
feg/b, WERER T AR AR, ST
T 5% AN ) £6 B ) 5 B T AL o5 1) A K e 25 S5 v
BB, FEEREE R 12~18RF fE M A K R | pTE F
MR EA KRR S, AR, W5 1L 655
BN AR A 114, BT TIRER K. A
WS R R R, 7EEREE N 100 BB i Na -K ' -
ATPEEIG PR AG,  HLAER KW B 5 o A G 7
EARTER B30/ KT, I—E R LUl , AHXT
TFEAK, A6 B DR IR 7K PR 5T 45 37 1R FE fiE
FHXT AL, ATREE A A FAES T A K, HE
AL B B A KO (I DF AW, 0 22
iR . BREZ T mAEe AR AR

PEAT Bl £ B AT 5
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3.3 EE BT NKAZ FEFRIARE

NKAJE i ol B 2457 T B S5 DU SR AR 21
B 5 PR ATPRE , H b 43 1 i 29100 kuf fiE 1k
P o 3 F 43 - i 29 A 55 kufd bl 3L Ak B- I 5k 21
BT B A R INK AR 15 P 3 i NK Aol 32 Al
NK AR H (19 5 8 5 845 50, o7 34 Na™
K FIATPIIZS & i, 71 5T NKARY 2 AL A 25
T2 TAE, Wi HEX Ao e ol SE 3T S A7 EE
ERPY, HETE SV 2 YR M mRNAFIE (15
IR EAT T NKAZS W FE 06 1 5 8 777 5 00 1y v 1
WFFE 32330 S HE Wt NK A olv 35 36 3K B 0 g8 mf
R S £ S50 IO A5 P PR BT 2R B A G R R R Y, R
BAaPELEE ol FEW3FM T (al, a2,
a3)? M FEAE B R SR A T, ARBEI S E
NKAal Wi~ ¥ I (NKAala. NKAalb)Lh K
NKAo3, FAEARSZE ks T DAL 3 PR e Eh /K IR
b KR K 38 B 33 FE P ) R GR AR IR L . NKAala,
NKAa1bFINKAa3TE £ FE S50 1) 3R 38 #a 5 )R A
[, EE A0 7F R k2 B v i 2 38 i BT R
H A NKAalaFINK Aol bEE L B 3E B ) A (9]
T, HNKAolaf®iR K i i 3k & 2 T FE K
Ik, T NKAal bFINKAa3TEIR K 3 R
J& 1) 23k 1 B E LT IR AR 1 K 4l . NKABHA)
5 6 BE 30 SN 3, (HJRTE R RI0)5 iy 35 1
1, HRBAKFIEE LTI TR, o
WL, ER AR AL RE NS 5| S AE 85 NKAAN ] STV 76 7 65 2
GUh 22 S ik, HR TR W AL A2 46 1 5 i 1) %
KKV E AR o 8 K VG 1 bk (Salmo
salar)W W5 AR L B, AR B NKAalaFl
NKAo\bTEIR K RN K h IAE A 22 57, R
TLBERE 15 T NKAA [ R A 281, ieah, AN
YRl . RIR SR B R G A A 22 575,
H A 88 i (Anguilla japonicus)TEHE /K RIZ P, 614
AP NKAolW) #1858 35 TH R, T NKAofE B Bk
)2 IR IR AEIR K A i 7, 33 i S e 4l 41
By R, A AR Th ARG (A. sinensis) HEZH
AU, NKAJ 12 504 TR 22 Fnfs /Nt b, AHXT e
TRIKZH, Fh B 4 200 M 5 't 5 B2 0 G 33 B 4 448
WHZREN®R ., W2, K amors
VIR, NKAS IS0 B E Ny vk 98 7 % DA
X, NKATE M5 HmRNAFR K HAH — & B A %
M, BHEAYM ., A8EFE. AL d,
NKAalaFINKAa1 b 21k K- 5 NK ARG M B
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8 1] TRERE, 4 EBTAEE AT SOE AR Na /K /CIHE B . Na'-K'-ATPf i 14 1 3 P 32 35 1) 5% 1205

AR B AL, HNa -K -ATPH & 7% Al
NKAala$: I8 W W E MG, HEWNKAal 2
M NK ARG G PR SRS, 7R A8 5998 33 )R 45
Kb & N R AR

A S 55 388 2k XoF 46 IR Ak S B A R A i
HBIEE ., BT FINa'-K - A TP & H
PRI R IR R A BT, #E BT 6 9 75 1 3 5598 55 (11.4)
AR A hRERE i D, R T AEH A . NKA
il 35 P 5 H mRNAZR A A2 AL UL T NKASE K 78 4k
fipt ()5 3 R R S EARE A, HOR A A SR
AU 22 5 R IR UL U] T AR AR BEAE 1 P Y T fig
5, SWEMIRRA T ERAME . B2, K
W ST AT T A6 05 0 5598 ST 45 6 A AR AR AR
B SR RGBT T A6 05 1 b 8 5 K i
NEPERLS], b A 5 IR A SR A P A — e ) B
155

SE R

[1] IR, R3EM, 2877, 5. RIEES R L IR

0 LARRT ST RE R[], kA5 B 5 g, 2016,
31(2): 105-111.
Wen H S, Zhang M Z, LiJ F, et al. Research progress of
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Analysis of the isotonic point and effects of seawater desalination on
the Na'/K'/CI concentration, Na'-K'-ATPase activity and
relative gene expressions in Lateolabrax maculatus

ZHANG Xiaoyan', WEN Haishen', ZHANG Kaigiang', LIU Yang', FANG Xiu’, LIYun"

(1. Key Laboratory of Mariculture, Ocean University of China, Ministry of Education, Qingdao 266003, China;
2. Key Laboratory of Breeding Lateolabrax Japonicus in Fujian, Fuding 355200, China)

Abstract: Euryhaline fish, which can survive and grow in a wide range of salinity environment, have a complex
mechanism to deal with salinity change. It is generally believed that at the isotonic environment, the energy con-
sumption of fish used for osmotic regulation is the least, which was beneficial to fish growth. No previous study
has reported about the isotonic point in Lateolabrax maculatus. Therefore, in this study, the blood osmotic pres-
sure, Na'/K'/CI” concentration, Na'-K'-ATPase activity and relative gene expressions were detected during the
periods of water desalination and freshwater adaptation. Result showed that the isotonic point of L. maculatus was
11.4 according to the changing characteristics of the osmotic pressure in fish plasma and the corresponding osmot-
ic pressure of different water salinities. During the experiment of water desalination, both the concentrations of
Na’, K" and Cl'and serum osmotic pressure were decreased significantly, with a slow recovery after freshwater ad-
aptation. The results of mRNA expression of NKA4 genes in gill showed that the change trend of NK4ala and
NKAolb was similar to Na™-K'-ATPase activity, except that the expression of NKAala in fresh water was not sig-
nificantly different from that of the 30 seawater group, but the expression level of NKAalb in fresh water was
lower than 30 seawater group. After 1 day’s water desalination, the expression level of NKAa3 decreased signific-
antly, and remained low expression during fresh water adaptation. This study provided theoretical basis for desal-

ination culture of L. maculatus.
Key words: Lateolabrax maculatus; isotonic point; salinity; desalination; osmotic physiology
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