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AEEHKIBEEZEHAQPL, AQP)UKEBFIEE
ZEH(CFTR, NHE)XHE £k BB g 0m Rz

skad M oxFE S BEE Y g M0 gt

(1. EK =R 58 Be K =T 0 ILARE L A B AR 58 B E A SR =
HRWHKAEM T TRSEYHARESSERE H5 266071; 2. FEEERFKZ 54400 i 201306;
3. HEEHRE S EAREREREZGHEAEYF5EYHEARDRERE HE  266071;

4. MEFFRXKREKZHRAF MG 264003)

WE feEENAEREL AWy, # F WRERIENBZATHEE, TAREER
(Aquaporins, AQPs) ., # I 4 4 b #5 5 53 H F(CFTR), 4N AR ANHE)X 2 X W5 P EZ
W BEIE Y EE, R AQPL. AQP3. CFTR. NHEL 7 £ % £ (Scophthalmus maximus) i 2 fitr 1
ARPWSEFHR T, AFARRAKXLEEPCREA, M4 MEEHALESFLE 10 TAESE
B, P REEMEE R T ASETEN, £RER, AQPL kit B P (P<0.05), E K
e, KEMET, RESARLE 10 HEHETFHXAELRE L, 28T TFHEE
A (P<0.05), AQP3 kit & & F P (P<0.05), E#FRE, £tk d, KEMET, #HES
AALE 04 EEFHRABELRE LM, BEMGFHEFE L AP<0.05)., CFTRXXEAFT +
WA, EEIRE, ERTRD, KEBET, ZESARZE 10AEEFHNEAELEE L,
EEF o ¥ B E T H#(P<0.05). NHEL1 £ é Mg kk ERD, EETRE, KEBhET, 2ES
AL T 10 AAEFNERAELRLEL N, EHEMPFHEZE EFA(P<0.05), XBERLH, 4 FF
HEKFARFRAL, BFAb B AR ETAR, RBETX 4 FERGS TN ERERET,
4 FpEEABRME S, RAEHREFRABEN LA, £ AQPL, AQP3, CFTR 2 NHEL 7£ & % &F
KETEEN P THRETBAENEEER . B, KFARERT N K ZF ¥ BAKFAARMA AR
IR, B P FENKBEIFENZFRHREEF DB LE,

KEEIR O K EER; KB KEAEA; EMNAEMBEEESATET; AREE; TbE
& PCR
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£ B TR 5 ) £ 28 A AR A A A AR B B )
AN ZR , Hid N B 3 AW AR 1 AR R4 DL &
Hedy A BB IERRE, I — RPN1% 1% R
THLE] . HHNFBE AR, miRNEE ., 5. s
FEB I P AR B L SURR AR e N I R T ALK
RUFflr, dERF AN B ERRE . WIRA T W
BIEERTHLEE, B NS XA T T R,
TEBIBRENIEAL M (Yang et al, 2017), &Fiiz
1fFE(Seale et al, 2014) . P Z 15 (Tipsmark et al, 2016)
BRI 2 R . IR R, A0 2% PRI £ B AR
AV 138 R A 1R 22 7K B B GROEE - 55, 2018) FlTES
Tl (D4R, 2016) e [mI/EF RSP .

AQPs JE—ZH R 5, VR AR L i
B, RVPKIEAEIE A RRsh, X4ERES 5B ET
MRS E oKy A EEEH
(Gonen et al, 2006), Hiii, ©&&kMIFHE T 13 Fh
AQP (AQPO~AQP12), Hrh, AQPL J VZAFAE T4 Fh
HEYMRNIT RAEEZAER, IF5 815 T IZ IR A R
Wt fEATTE, 5 1 gake i) AQPL [F R Y
3 [ H A8t Anguilla japonica), 7E H A< g ik Py |
AQP1 FZAE i Ris, Hig/KugMziE T AQPL
mRNA 335K TR K8 £f (Aoki et al, 2003),
I AQP1 7 J1#%(Coilia nasus)fl . ¥ . M. Wirfig3
B, mibriafE, B AQPL [k K
TR, AR A O (E SR A, 2017). kAT
UL, AQPL FEAN[RIfa R gl 4irh g 2 ks, H
Feikh it 5 BB UM OC

SiegKmEEH AQPL HIIREA i A,
AQP3 BrizfiK oy 1) EEIfesh, MAEE /N
B R Z A H WA E8MER, HEAREmE K
(93T (AN & F R T4 ) (Ishibashi et al, 1994), 75 A
s, B S AE R DI 68 i (Anguilla anguilla) o & BiL
AQP3(Cutler et al, 2000), FfiJ5, FolE T H A KR (Tse
et al, 2006). JEM(Fundulus heteroclitus) (Jung et al,
2012)55 1 AQP3 ¢cDNA J¥41], JIf-ifF58 T HIRe/EA .
AQP3 TEfZRIRIN M) 1z, TEME . B . M. M54l
LUrh P47 Fe3h , (AR B R FR I8 7K1 PN 1 25 Fil
USR] 22 57 228 (HH i, 2014; Cutler et al, 2002;
Hirata et al, 2003).,

INZ 2 B AUESE A A /R (NHE) (Watanabe
et al, 2008; Choe et al, 2005) L) Kz &1k 4T 4 fb 15 A%
S8 A (CFTR) (Davidson et al, 2000; Chen et al,
2001) 5 028835 5 BB AH G . FE 2507 0, NHE
FIE W 51 NHEL-3 B 8 12 F 5% (Edwards et al, 2010;
Pedersen et al, 2003; Claiborne et al, 1999), ¢ F 2k

NHE 5% 32 24 v 78 W el - () 9815, Bk ik
ZFFEIN R, NHE 72085 I8 7 it BA
HZAEH . Smith(1930) 1 e g /K fi S b S Ak Al
R iz sh Z [l IR &, AR A B 1 B & I8 39 i v
ML, Edwards Z5(2010)WF58 & B, JEBEA{UAE R
RS NHEL YRk & A28 10, TEARRIAEh S T
NHEL 119 235t & AE AR AR 1k . IR ZKGE L I 5 5% L1
75, % 3 £f1 (Oreochromis mossambicus) (Watanabe et al,
2008) 1K P4 ¥ 5 57 #4 (Dasyatis sabina) (Choe et al,
2005)8# rh NHE3 3235 7K PR 2 2 1 7K 3 b (i) 248 .
XL LRI, NHE ATEES 5B &MY, FehlefEf
il AR AN A AR .

CFTR J& ATP %5 & iz 8 11 o ol — (%) 25 38 1
HH, 5 CIrmikiz e, y CIrs b ik 4z s f fit
VEREMEIIE , X T LR R RIS | AR SR
T RE R A B E AR R AESE, 2015), A
R RIS CFTR i ME R E A & 2
S, 3 N IR K PR ) i £6 6 b CFTR 4 434 T 5440
JHL ) THL 3 TOURGE , 3 IO 3R 7K Py 8f £ i o CFTR 4E v 43 A
T b SR R s T 240 R RS M ASE , s £ 2
AR ER 2] /5 $h PR B Wt B, CFTR 7E 2218 1 M 4
i 35 G AN 37 ¥ E T 0 A ) T JE ) [ sF 2
fiE J7 2514 5% (Marshall et al, 2002a. b), 4 faf1%
et KB B K)G, CFTR LN F A B TR
(Scott, 2004; Hiroi et al, 2005), H A< g fig 22 ¥ 7K 31k,
J&, CFTRIELN A IN(Tse et al, 2006), X LLHf
SX W, TTERMERE S 12K CFTRZE R B B h %5k
HL K TRBIREE, CFTR 78 2508 I i $h PR 55 i L
AEZEM, B4Rk CIPA i EZ IR

FCZ5 6 (Scophthal mus maxi mus)fa k<22 & 1, &
FEF RV ) —Fh 44 5t H A, 1992 4R 5|3 [
J& o Nk 4 VR VR M DX R b T X 3 g
KSRGS, RN, BEE SRR, AT
IO PR R T, DK e oA R 3T T R R OK AR ETR
55 B0 5 F DX 383328 W 1) R DA R A i e DX AR AT T
B, X REEERMIGER MR LR T . (B E AT Ik,
] N A O K ZE B35 385 8 1 J7 1T A AT 5% 500 6 A 4
I, ARG AR DK ZE BT L DR 2 45 2 1) AQPL.
AQP3. NHEL1 fll CFTR F:[HJF51], Sk H9¢ ) # PCR
FARGH T REZGEEE 5 A8y 4 FhEEER
R0 N ERBE 5 AR 10) R Hs (] () 26 8 AR
fb, 0r 4 FEEEAEACER A T 2B BT
e, BIFFT S SR A SR B B 52 58 FVIRER S5 11 7R
PRAEFS AR , [R5 Bl AR ER PR SR B [ A
LS VO TIE s N
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1 MRIERFE
1.1 S

S8 BT FH K 32 07 R 5% 4 S 56 1 34 vl B R K32
BF (R L AR 5 KR K =48 BRZA w4 3E . BEHLBk
ARHE 4 (300+20) g MR R ZE6T 300 &, 2050 F 3 4
1.5 m® A SCAR BT SR 7 d, RPN R K T
fE 14°C~15°C, R HEFME 1R, #HK 1R, B
gERUE 1 E R 24 h,

1.2 EHEMBELE 5

ZPESRENOSEE o 3 AR, RIERE 30
HWHRA) . FhE 10 HAERE 5 (), FBAER
BELHE 3 AT . BB 30 4 B FIE K, $hEE
10 FEREE 5 LifF/K S FIRFF IR K AR K 2 5o Bl
o TSI ISR 30 B ASEEESF B 0.4 m?
HRMLEA T, SR KIRARETE 14°C~15°C,
WEKRT 6 mg/L, HIROLIR, SCHIRIABIHE, T3t
T4,

BEANEREH A BIAE 1, 12 A1 24 h 3t 3 A Afa] 5
BEMLPRIE 3 B3 NEE, 9 41fh), MS222 kT
Jo R B | g R R, AR S RV T
R RAE# o T a e e, ok 2 AN AE S 56
TFUA I AT URE (BT 9% 7 d 151 24 h), BURE D715 |
1.3 2 RNARBERESR

RNA $2EUFT cDNA A& B F 0 A R AR A A B
AR FERAER) RNA $EHGRA G (DP43 1) Fil s e 5%
IR & (KR116-02), SEU0 1A ™ % 44 RE S 5013 W 5 ik
5. #iJf] NanoDrop 2000(Thermo) ¥ i H, Ik A5 il
RNA i FIVREE . ff AU A5 4879 RNA 17 cDNA
B, AR IRR R SR A -80°CUK Al P17 45 FH -

1.4 FREEHSIWIEITERSKN

M4 35 L L 1Y AQPL . AQP3. CFTR #1 NHEL
FIF3, ffiH Primer 5.0 F A3 L. TSI, 5l
Y& BUR AT PCR U, X RN P= #4151 52
DIASIN G 105 | 9 (0 45 Sk, 51808 A B PCR 724
WP BFEA TAY) TR () A RA RS T XHT
ERE S8, P AR R 26 A0 0 HL R i R i R
JESATRII . 2B S IR ILE 1,

1.5 EHREE=Z PCR

fEFKZEHE 18S RNAAEANS, il G =
PCR, HIUFE 1. 12 F1 24 h 968 . 5. B AQP1.

%1 AQPl. AQP3, CFTR #1 NHE1 qRT-PCR 5|#1F%I
Tab.1 Primers of AQP1, AQP3, CFTR and NHEL1 in qRT-PCR

EIE/EX S 2]l

Primer name Primer sequence(5'~3")

AQP1-F GTCGCAGCAGCTCTCGTCTAC
AQP1-R CCGCTGACCAGGACCTTCATG
AQPS-F TCCAGATCCGTAACCTGTTGCTTC
AQP3-R AGTGAGGAACATGCCATGAGAACC
NHE1-F GCCAACATCTCCCACAAGTCC
NHE1-R GACGAAGGTCCAGTTCCAGGC
CFTR-F ATTTACGCCCGCCGCTTATC
CFTR-R CCAGCAACCTCAATCACGAA

AQP3. CFTRHINHER: A () 3Rk KT o BEARHEAE I ik
WIF : B S 1 c DN AT SRR LA B ARG -4 s 1
SEG Y T qQRT-PCRIZ N, ARG It X A4
Y18 AR A BR N 7] 96 5t 2 T PCRIAH £ (AQ131-04) it
Bl 7£ Applied Biosystems-Step One Plus PCRAY [ i}
7o qQRT-PCRIYK AR R F20 pl: 2 plfificDNA,

10 ul SuperMix(2x), 6.8 ul RNase-Free Water, |, F
W51 9450.4 ul, 0.4 pl ROX Reference Dye, ¥ 14N
R : 94°C 30s; 94°C 55, 60°C 30s, 4015,

1.6 HESH

B T AAC 22 M BEAT 20T, B S Ar
K0 SPSS 23.0 B fF, 45 5OV 8 H + bR 2
(Mean+SD)# /K . H Origin 8.6 #X{FVERE . H Levene
0 Ty 28 B A 5 o SR BRI R J7 22 93 ik (One-way
ANOVA) KM = 4] 19 22 55, 985 R T Tukey
JE A IR TE XA T 2R S ] Duncan £ 35 %}
AR AT BT M (P<0.05 4 i 7K

2 #R

2.1 KIBEZEA AQPL1 #1 AQP3 E[EEAE £ E i
EBETHRETK

KH qRT-PCR ¥l 7 ARl EREE i T AQPL Al
AQP3 JE N 7E K ZEBEAE . 5 . i h Rk it Bl A 1] 9 28
b, @R ER, AQPLIEE Mprh iRk EK &, 16
fErh RN RN, B EILT S A (P<0.05), [k
it e, fEERd, EhEE 5 AMELE 10 41 AQPL 3
IRETE 0~24 h W TR R EZL; FEF, HRESH
FIELEE 10 41 AQPL iyt a#, RS
AR BT R] SI BE = TEE 10 41(P<0.05); £
L EhEE S AUAIERE 10 41 AQPL RYFR A B s LTt
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Jo FIEREH, 75 12 h ik FIE(H,
[B] 5535 42 3 5 FER R 10 éﬂ(P<0.05)(l§l Do

FE 5 e AT

EHJE5 Salinity 5
I 10 Salinity 10

)
o
o

—_

bl

(=]
T

AQPIMINt AR
Relative expression of AQPI

GOh G1h GI26G24h KOh K1h Ki2h K24h 10h
ZH 4/t (8] Tissue/Time

K1 R A T OGEETEE . L b AQPL BEITE
2 I 1] f A ek AR 1L
Fig.1 Changes of AQP1 gene expression in gill, kidney and
intestine of turbot under low salt stress at different time points
G: #8; K: '&; I: B; h: /DY, ANREIBFEE
AR 22 5 1 % (P<0.05). R[]
G: Gill; K: Kidney; I: Intestine; h: Hour. Different letters

represented significant differences between groups (P<0.05).
The same as below

5 AQP1 R iAFE AR, AQP3 TE I h i)
TR R R, MR PR RIBERAL, BT
W(P<0.05), fkEhias, 7efiid, $HhEE 5 4 AQP3
E@%Lif 0~24 h e FTHE TR FE 12h
IRFNE(E , FhFE 10 AR RIAHETE 0~24 h B &S,
R 5 A 24 h WAL TELE 10 41(P<0.05); 7E'H
v, EhEE S ARIEREE 10 41 AQP3 R IA B I %=
Sy R, EME 5 4 AQP3 BYFIAETE 0~24 h N
B LTHE TR, fE 12 hikBEE, $HhE 10
Hiprh b E 24k, 5 EREHAESR 1, 12 /)
4 2 T ER B 10 41(P<0.05)(F 2).

2.2 NHE1ERFEAREEME FTHRIETHL

¥ M qRT-PCR AR KW 17 A [6] 35 B W38 &
NHEL LRI 7E R EE 0T | B | g v 323k i Bl s [B) A9 28
b, 45, NHEL7EF iRk i, 7EELA
Wb i ek Ak . IRER A s, fE6Rd, $hE S 4
NHEL (J#IAHTE 0~24 h N E ETF, EhE 10 4
NHEL () #iA = 7E 0~24 h N TC B 57401k, h 5 417
2] A BE R NHEL Rk i 3 /= TR 10 4
(P<0.05); TEH, EhPEE 5 4 NHEL £k 7E 1~24 h
Wi ETE, R 10 40 NHE1 55876 0~24 h NG
WEARY, EREE 5 AR 12, 24 /NI E T T AR
10 4(P<0.05); 7E'EH, #HEF 541 NHEL f £ AR TE

1~24 h YRR BT, 10 SR EELH7E 0~24 h /MR 2T,
EhBEE S IAEEE 12, 24 PRTREE TR 10 4
(P<0.05)( 3).

—_
(=)

| @ )5 Salinity 5
5B 10 Salinity 10

AQP3MINT AR
Relative expression of AQP3
£ (o) o]

N

GOh G/lh G/thG/24h KOh Kb KA2hK24h 10h Uih Ui2h [24h
Z1/mtE] Tissue/Time

& 2 1&%&@&73@5% LB B AQP3 BLK 7R
£ s8] 55 ) R ak ARk

Fig.2 Changes of AQP3 gene expression in gill, kidney and
intestine of turbot under low salt stress at different time points

ERES Salinity 5 f
i £E 10 Salinity 10

NHEIFIX 3k 8
Relative expression of NHE!
IN o o =

N

GOb Gk Gizh G/zAh KOh K/ih KI2hK24h 10h Vih Vizh 124h
21/B5} (8] Tissue/Time

B3 RERIMME T RS BEES | .l NHEL R[N
TEA5 I ] £ A 2k B2 fh
Fig.3 Changes of NHE1 gene expression in gill, kidney and
intestine of turbot under low salt stress at different time points

23 CFTREEEARI:EMETHRIET

K QRT-PCR £ ARKG M T A 5] £ B ri8 F CFTR
SR RZEOPEE . B B rp Rk R A AT, 45
R, CFTRERZEMP YRR ER S, BEST
B A7 (P<0.05), e HIEARNEL, EhhlERL
WA, MREEMha)E, FEsE, R S AL 10
4 CFTR 25 7E 0~12 h KIE T/, 76 12~24 h
T EAR, RS AAESE | e IR TR 10
41(P<0.05); 7E'Eh, $h1F 5 4IMELEF 10 41 CFTRAY
FIRETE 0~24 h WIARFEARL; e, FHIE S
] CFTREIAETE 0~1 h W RFE, 1£ 1~24 h N L&
Apfl, ERFE 10 41K EAE 0~24 h W EEFREE -
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FHEgEHEY, 16 12 h iBEIRMRME, 7624 hikE, F
5 ZHAE 24 h WML TEEE 10 44(P<0.05)(F 4).
ERBES Salinity 5

I £LEF10 Salinity 10

L €¢

i

GOh G/1h G/12

w EN o
o b S
o o o

—_
o
o

CFTRMIN kR
Relative expression of CFTR
(=1
o]

<
n~

(=]

G24h KOh K/N1hK/12hK24h IOh Vlh V12
2H 4R /B}A] Tissue/Time

=

K4 AREhMMa N RZEEH . . b CFTREER
FE N IPSYDESEN g e
Fig.4 Changes of CFTR gene expression in gill, kidney and
intestine of turbot under low salt stress at different time points

3 itig

B.E . BERTEEBBERNGE, YhELRAE
AR, 88, B BEBENE E SRS
(Yang et al, 2017), 5 ¥-if il (Seale et al, 2014) ) J &5
T35 5 1Y 2Rk AR 43 W KO (Tipsmark et al,
2016) 55 JHHEAR N HMB 1B R B sh 25 M. B8 AT 78 =
BSR4 CU, FEARB IR I Na Fil CT, 1
T8 R 7E 2 18 I R HE A 22 00 ARG T 75 1 K
7535 e, 2 11 [R) 2 M AR 2 Rz 490 e 2 WAL R e ) Vg /K
IR FE R R MK S o FEARB IR, 7 18 0 2 Wi
Z IR o B WEAE 2 8 R th R OK 43 0T 77 AR b
M EB IR, TEIRB IR S A+, HE K
TV PRI o T L, X SRR E 28 B AR K4 H O DR 1E
MR XA E AR, REATBE RIS, di5E
MUABIBERIEF T E . HIt, AUFRRRFEBE
W ARESS . B, KIRZEEE AQPL. AQP3.
CFTR #l NHEL 7EflkEh Jiin N &R 281k, srhrix st
FEHAE KGR B B B VR .

3.1 JKiEEZEA AQPL 1 AQP3 £ F XK £h i By
Mg Bz 43 A

AQPs J&—H R A FK W, HAE K1t
WiE, RVPKEAMEE s, XgERRsE M
TR RS S M 6 2% B R B9 OK o F i B I AR A
(Gonen et al, 2006), HTi, AQP1 il AQP3 437 H
A= i fifi(Aoki et al, 2003), JIfF (LS, 2017) KK
PHAS fif (Cutler et al, 2000) . JEE# (Jung et al, 2012)%fif

By R M HGE, UESE T AQPL K AQP3
Iz TR MBER TR Y, HRBREE
AR iz a1 R B E AR . ARSI R W
7N, AQPL EEHTE 'S Al rh ik i, fEfErh &Rk
T, 5802y fili(Takifugu obscurus) (Jeong et al,
2014) W 45 R — 2, Kb f5 , AQPL FEfiirh 3%
KRN 3, HEW AQPL W RETE R 2 6T 6 (12
BT IIREA IR . AQPL 76 5 Allizy v () e 34 i k& Tt
53X 5 M (Acanthopagrus schlegeli) TR v i fifi fr)
ST A — 20, /K 15 3209 2R 6 (An et al, 2008)
2 10% KRR KT, AQPL Jk [KIFE B Filfiz Hh )
FEAR I E RN, X ¥ 68 (K 65 i) (Martinez et al,
2012)#k R A ET, B b AQPL MRA R W E T
K. 1M1 BRI B8 6% (Trachinotus ovatus) (X #°F-4%, 2018)
FIE 2 75 J7 fili (Jeong et al, 2014)' Fil i AQPL ()3
RETES BN T B, FEARE b FREAL, X 54
WA R, MEAER B RMT, AR EB K
VW, 38 3 i RS X v B YRR R AL LA e B X R YR )
WSO R T AR R 7K, ok e 5 R B R KT 1 Kz
fr, UL, W2 AQPL MRIAHIGIN . KEEHELEALE
a5, AQPL [y N RUYE LA AR, (HSCFR LB 1
Jian # T LAAE Ry W WA 5% o W 2% B R BB m R R
I, AQPL 7 7% H ) 22 5k 3R ik n BE JE AR 5 £ 2
T8 I A5 AR A I T ok B B W VR L 2
TKINEE B 15 e FRARE , A0 200 i K it /K o0 B i i
DAL, T A R ARTB IR LA S W HE s o 2
fIak 4y, I, KZEEE AQPL ZEARB &M F i =ik
w EFRER S S T B A S HEK SRR, JE—Fh
YR B iR R A (An et al, 2008), ISk,
R 10 4, B b AQPLTESE 12 /NP ETHEH, Bl
JEHTAE, MFHE 5 ARSI E) AR = D Tt
=, ATRER A R T AT R IR B & ae g1, A
I, ERPE 10 4176256 12 /Nad TS AQPL Eih &5 £ LA
REXTERFE A 10 BYEREE, WiEREE 5 AT EAkLE T
AQPL Fik & X EARER BE AT . M, R
SZHAERFE 10 40 AQPL Rk s ¥ 55 A F Ry
BRI R A R 22 B a7 B AR AR S, W iE R AQPL
KRk, B KEEE, ARTFKRNHES, X4
KEE WA K EL G TP, AQPL ik i Ml o
5 AQP1 R ABIAANIN, AQP3 - E M rh R
ik, fEhRREED, PRI AREE, 5EON
BB (Cutler et al, 2000)H1 H A f&fifi(Kim et al, 2010)
ek — 8. (IRERIa S, SR 10 4REREE 5
4 AQPL TEME AN rh F ik A AR FEEE R LT, 76
B eI ARk . DR AL, EREME T, BB Y
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4E 1 (Oreochromis niloticus)f 1 AQP3 f{)# 1A fi £k
530 & TN A S T =0 5= £ N R T 2 W G S 7 i 8
2014), #f7(Dicentrarchus labrax) (Giffard-Mena et al,
2007) Fl4E ¥ 5 (Spar us sarba) (Deane et al, 2006)7E1
BWIET, i AQP3 Rk & m TRBHE, X
e A SORS N e NS o N I N i 51 I
L2 B SR FEL AR A o, VK A0 2N T I P2 i
Tofs BB 5 R T ™ A e 3 K AU KU, R, B
BT BERE , AW IREERR 68 L K 03 KR
FEERARBR B, DM4ERE AN B BRE, B—fRl2En
T AR (S S, 2017) X TR AQP3 KA B AE
MBXMTETERBANIRS, AN, 7EIR
KA, 88 B XK B 38 335 % 5 (Kammerer et al,
2010), KRutzKsriE APy, 68 F 400 AQP3 Af
W H 20 B T00 g 32E A 1R KO IR HE s, PRI, 384
AQP3 [ FRik it KA HEAK I HEH , WT B 1k I R 20 i
Rk 24, HERRR N5 15 (Cutler et al, 2001), It
Ah, B R A s, AQP3 fETE T R fig
A A5 v P S L ) R P 32 I B A0 B LA B R S
R, 7E RO B8 e K S N A AR v, AN
W AQP3 Fik T ANAE , M) 9 S e 1) LK - 12 4t e
DI RHR S b R A i AQP3 W /b, X A
3 AQP3 mRNA I [ 76 1 K PR EE o T e A9 Jit A
(Cutler et al, 2007), 2 NEEE|I IO LERIE, SR
HEIEE 12 /N, $hEE S U AERE 10 41 AQP3 el
FFGE R B ETHE, 755 24 /NRTEREE S g ki
AR, MR 10 ks ETF, MmNl fE
MR B B MR GH T —ENB 5
AT T B B AR 45, 2018; An et al, 2008), 1E
B 5 4 AQP3 RN 1. 12 /M A,
TE55 24 /NS, 51 10 2019 AQP3 FiA L 7E4s
12 /NEHR B FRJE, AR5 24 /IR SE , HED KN
KEEBEZ FMEELH S, Wil AQP3 K kik,
JXE K fam M, AR T OKHES , s KRR
KER TP, AQP3 ik & Mk,

3.2 BFEEEA NHEL XK EME 59 5z 53 #r

NHE &) & F e gk sk 1, s T
£ L %) T 5 g R RS A M, LA iR AR H R4
Mash Na' i s i 2e 8 AE R o Edwards %5(2010)%
W 2B, B AAETR 8 J5 NHEL [ 2R3k & AR
1k, TEAN[E R ER BEFR S T NHEL (932 ikt 25 R A= AR
AL, XL K, NHE nfRES 5B @MY,
e A A0 200 B AR PR BRI & ¥ T AR L A
HRERE R, NHEL/AEMhRIRERE, EE AT

Fik gy, BEMTEG . (KEPhE)E, NHEL 78
B8R R Rk e WA T, HED NHEL 7EIK
BEUETSSTBREMT SR, BURER, RKE
I B 5 3 v B AE £f (Watanabe et al, 2008) 1K P4 v
#5011 (Choe et al, 2005)f 11 NHE3 257K 14 i
FoE T oK E N M, = PE R F % (Portunus
trituberculatus) (&4 %, 2016)7EMKELMA R, NHE
SRR A R T, EmERE T, 88 NHE 3%
N R, XEEFIE 45 IR S AR 4 A — 2, R
NHE 7] g H A MK + FRI% Wz i 44 1% ) 8 (Choe
et al, 2005), IAh, FHEE 5 HLHLHF NHEL 1 F£ ik
SRR 2B R) S TR 10 41, HEMIRER 3R
BEATREXHEE . B . P NHEL 2635 A {23
NHEL 76 B AR £6 09 28 58 rp /R FH O I 8 (5 4 R 5%,
2016), 74k, EhE 5 HREEEFHEH NHEL (A&
TEMME A 1 /N i 3% L, 7E B A NHEL
(IR EEAESE 12 /NS A TFLR BN, X ] AR P by i
VER SR IREE FLHEE Al B B VR 1 28, MUK IR B L
JERIZUAS A, S e R £k B e A s s ey, DA
HeFE 0 RIB 3 AR E o 1B 0 D) 5 2 AR A5 £ {4 5 A
HER 1 K R ) s R BE AR Ak, PR Ik i 17 s () A5 T 4iE
R, A 3 Bl A 7 1 — 25 Y 56 UE GBS R T 5
2018),

3.3 BTFEEZEA CFTR XHMELhEMNE KGR 5 #7

CFTR J&2—f 5 Cl 1§56z MR & TliE A,
iy CUES bz A iz shig by pethmas, X85 b
FIER LB | R T B RN B T B R Y 45 B AR
RS, 2015), KREMRERW, | EhrEEg
125 CFTR7E R B M ) Rk it K KB 5T,
CFTR 7E 2536 I (= sh A e vy o BRI, R4k fF
ok CI V- i) 245 1% 72 (Hiroi et al, 2005; Tse
et al, 2006), AL /R, CFTR EEAEMEH FRIL,
FikEmEm TR, EhhREEED, P
ARARFGE, X5 % ffi(Dicentrarchus labrax)iJ a5t
SR —E, KL RAEEKEIRKIAE T, CFTRAE®
Y B 9 3R 38 Y I3 = B A (Bodinier et al,
2009), TEMHKSAMTT, 3w FwmWmEEK, B
VBT 5 B W W LAAN FE K 4, SR 83k 0K 6 43
He RS, R, CFTRZESE ) K RGBT CI
FIHER . ARER A S, AR HRERE 10 4URERRE 5
4] CFTR 7EHEAIA i 23k i w3 FRAIK, 78 vhim &
NI B AR L, HIEME(Scott et al, 2004) A HF5T 4%
RAM—, YRR MEREE 10 WK B IR K i
IR, RS A B CFTR B3 1k 120 1) k3 R AIG
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T, K U TR K B R BIROK I, BB R CFTR
28 1 0 25 A . VKR B £ I i AR IR K,
I FH B 38 W MACK RS 5, - e B8 R Bk b R A S
Mt ad 22 B9 B 7 W A 4h (Singer et al, 1998).
I, YINTIREER B SEAR T T, AR FRM Y, 2
G A7 CFTR Rk, Pk kN e+ K it
AR REAR N KER LA, BLAh, FE5E 1 /NETEREE
10 A48, CFTR ik i i = TR 5 4T RE e
FEREE S A AYEE TR, S8 CFTRE A B P B %

AWFFE A qQRT-PCR AR, Kl T K2 6EEY |
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AST) R B a0 O [l B ) s R ik i, AR WO,
AQP1. AQP3. NHE1 —fiJk [H () &k & A (IR LR it
KR ETHES, T CFTR 3 A il 36 1k B 7E (R Eh i
TR TR, X 4 FpE R E KR AL
£R B R [R] (AN R AS R], BB 13X 4 Fp LR (9 D) g
Ptk RO, 4 FPIERE R R, H Rk
wEAEAFRENA, KL, AQP1, AQP3,CFTR
1 NHEL 78 K Z2 6K R A58 1 o] 8 2 AT Y TE Y
HEAVEH . AW A TE 53 FKF L R K EE 62
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Response of Aquaporin (AQP1, AQP3) and Ion Channel Protein (CFTR, NHE1)

of Turbot (Scophthalmus maximus) to Low-Salinity Stress

ZHANG Jinsheng'??, LIU Zhifeng'??, MA Aijun"**", CUI Wenxiao'*?, QU Jiangbo*

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences; Shandong Key Laboratory of Marine Fisheries
Biotechnology and Genetic Breeding; Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 3. Laboratory for Marine Biology and
Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071;
4. Yantai Tianyuan Aquatic Limited Corporation, Yantai 264003)

Abstract Salinity is an important environmental factor affecting the growth and metabolism of fish.
The gill, kidney, and intestine are the main osmoregulatory organs involved in the adaptation of fish to
changes in environmental salinity, and aquaporins (AQPS), the cystic fibrosis transmembrane regulator
(CFTR), and the Na'/H" exchanger (NHE) are important osmoregulatory genes in these organs. To study
the osmoregulatory function of AQP1, AQP3, CFTR, and NHE1 in turbots (Scophthal mus maximus) under
low salinity stress, their expressions in the gill, kidney, and intestine of turbots at salinity levels of 5 and
10 (5- and 10-salinity groups, respectively) were detected by quantitative real-time PCR. The results
showed that the expression of AQP1 was very low in the gill but high in the kidney and intestine. Under
low salinity stress, the expression of AQP1 in the gill did not change significantly in either of the salinity
groups, but it increased significantly in the kidney and intestine (P<0.05). The expression of AQP3 was
very low in the kidney, high in the gill, and low in the intestine. Under low salinity stress, the expression
of AQP3 in the kidney did not change significantly in either of the salinity groups, but it increased
significantly in the gill and intestine (P<0.05). Similarly, the expression of CFTR was very low in the
kidney, high in the gill, and low in the intestine. Under low salinity stress, the expression of CFTR in the
kidney did not change significantly in either of the salinity groups, but it decreased significantly in the gill
and intestine (P<0.05). The expression of NHE1 was low in the gill and intestine but high in the kidney.
Under low salinity stress, the expression of NHEL in the gill did not change significantly in either of the
salinity groups, but it increased significantly in the kidney and intestine (P<0.05). These results indicate
that the expressions of the four genes vary according to tissue type, salinity, and time, thus reflecting their
functional specificity. Under low salinity stress, these genes responded positively and their expressions
changed to varying degrees, thus suggesting the roles of AQP1, AQP3, CFTR, and NHEL in the adaptation
of turbots to low salt environments. In addition, the results of this study can provide theoretical basis for
brackish water aquaculture and desalination aquaculture of turbots as well as theoretical and technical
support to improve the breeding of turbot varieties and their adaptation to low salinity environments.

Key words Scophthalmus maximus; Low-salinity stress; Aquaporins; Cysticfibrosis transmembrane
regulator; Na'/H"-exchanger; Quantitative real-time PCR
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