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X > Lk
LR, FEA
(MBI ALK 5 R T AP %, E 201306)

TR ARG N AR, AERIHMTBE RN EESE, NKCClo F R 2 (R 2 S iziE
P OCHE S TS A, L INa 1 K201 I LIk AT d b M 542 . 5% % B 9Efa(Sarotherodon melanothern) 2 if £
SRIG Sy — . EOSCEPOEY B cDNA KRR, EIREED B el 0 p 4y 5 NKCCla 3
Al cDNA 4= K540, HITIEAEORF) S 1 151 MNEIERRIE I . £ B I HT4s BB, %8381
FERP A ST P e, i KR NKCClo S AAHRL, Hrh s P B HEfa 5 5o Lh v B e AR UM 5
(99%). TiIEE B B 4Ef NKCClao B AR R4 10 AN IR NE, 3B R e 0 S0 R0 2 4 e oA JR 3 aE
ARSI SIS E B PCR(QRT-PCRKINGE . JIF. . B NKCCla mRNA HIX & &, iX 4 FhgH 4 25 8
B M NKCCla 7R 40 [ 3RIE, 7F 136 hJE R NKCClo mRNA HI%F FIEK Ty 0 E &R 4.9 £5,
£ EE (P<0.001), o8 NKCClo FEK Lt B BHE M T £5 2 At 3 UIAH G
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cDNA cloning and tissue-differential expression of Na'/K'/2CI™—
cotransporter 1-a isoform in Sarotherodon melanotheron

FAN Wu-Jiang, LI Si-Fa®

(Key Laboratory of Aquatic Genetic Resources and Utilization Certificated by the Ministry of Agriculture,Shanghai Ocean University, Shanghai 201306, China)

Abstract: The gills are the major apparatus for osmoregulation in fish to acclimate the changes of salinities.
Na'/K'/2Cl cotransporter 1-0. (NKCCla) is one of the key ion cotransporter locoalized in gill chloride cells which has
been associated with the maintence of osmotic homeostasis. The transport process mediated by NKCCla is characterized
by electroneutrality with a stoichiometry of 1Na:1K:2Cl. Sarotherodon melanotheron is one of the most euryhaline
teleosts able to withstand variations in environmental salinity ranging from freshwater to hyper-saline waters. In this
study, the reverse transcription-polymerase chain reaction and rapid amplification of 3' and 5'cDNA ends methods were
used to identify the full cDNA of the NKCCla with an Open Reading Frame which contains 1 151aa of S.melanotheron.
The amino acid multiple alignment and phylogenetic analysis showed that this isoform is more similar with isoforms in
Oreochromis mossambicus, Salmo salar and Anguilla anguilla, and there is the highest homologous of 99% between
Sarotherodon and Mossambique. The predicted protein secondly structure of NKCClo contains 10 transmenbrane
domains, which were highly conserved in sequences and locoalization sites relatively to other species. The quantitative
real time polymerase chain reaction (QRT-PCR) assay was developed to estimate the mRNA expression levels in gill, liver,
intestine and kidney in freshwater, the results showed a tissue-specific model. Furthermore, the sanility significantly
affects the relative expression level of NKCCla mRNA in gill with a 4.9 times higher in 136 salinity water than that in 0
salinity. The results suggest that the NKCCla is closely related to the salt tolerance in S.melanotheron.
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T, AT A Eh Ve, BEREIE IR K M ER Rk
130 (1) 75 25 5 /K (Ouattara et al, 2009), A2 i £5 1)
BHph 2 —(Jennings & Williams, 1992). X}T
R, Oh T 38 AR R R B, iR
FRAA A B IR FEI — Fh 2 1A, fofil g 22t
FREE RSP I 28 E, et bz i S
M, SEEKEA T BB PHE M
o OB A TS . B SRR RG] KA 6
A1k (Kiiltz et al, 1992), &4 &H LM &1
Bz %, Hoh Na'-K'-ATPase(NKA). Na'-K'-2CI”
A S A(NKCC) A1 ClIEIE (CFTR) & 4EFR 535
AT B L) 3 M iz Ay (Sakamoto et al,
2001; Evans et al, 2005; Hiroi et al, 2005). #2041
A 272 5216 3% B (Ouattara et al, 2009), NKA . NKCC Al
CFTR 7Ep= % W Al [ p 4 f b 185 fe bl £
FE Tt i w2 ot dn, AUNAE D R, HoAb) ™ 3
P 2 NKA (Mancera & McCormick, 2000;
Sangiao-Alvarellos et al, 2005; Bystriansky et al,
2006). CFTR(Singer et al, 1998; Scott et al, 2004)
BA R 5K SR B IEA RS .
NKCC J& — K miEgiiitiz&Er, L
INa": 1K :2C1 (¥ LU 49 HEAT 25 7 (¥ 85 0 4, 458
NKCC1 F1 NKCC2 PR A (Hebert et al,
2004), NKCC2 73 AifE BN 2R, W' T S B
i (Haas & Forbush, 1998), i NKCC1 7EBhH1K
KR SUh A Kk . B C A, 68 6 (Anguilla
anguilla)(Cutler & Cramb, 2002). 33w 2 E1n
(Oreochromis mossambicus)NKCC1 4wl a. B PFh
AR FEERIE 2, o NKCC1B = 553 A 75 s 41 B,
Ifif NKCCla 75K 2 E A LA e, JEILAEE =
KIE, S84 S A P ER S WATE 8 #E V) A% (Cutler &
Cramb, 2008); {EAN[A] R BE /KA, BE5EE v 24
I NKCClo [1)3RIA 7 2% 55 18 %, 30%F1 100%3#5 7K
FAF R RIL B NIRRT Nl 4 58 7 A
(Inokuchi et al, 2008). X T-5% 2 &'k ff1, AURLH 21 Aff
0T IGF-1B PR S50 Sz DR 53502 W 15 I AH
KRR, WoRpED B0 IGF-1B RN 4> T 450 5
T3 AN PR R 1R R 2 R A R FE—B(Fan et al,
2010).{H7E NKCCla FEK 7T, B M4 ARAHE L
il . ASCIEH RACE HiR, EikmilE T2 Pk
it NKCCla 5[5 cDNA 43K P41, 1R FH 956 52
SEHE PCR J772:40 M1 NKCCla FERIEA A ZH 4R )
FESEFIE, K0 THEER 136 HJF 6 NKCC1 A

] mRNA Kk K AE—WIE T
1 #RFHE

1.1 A& RALE

5= 2 B AR (LR AR E 2, B G 4
FHPAA R BURKEME N T, . 5
428, MKW DEPC /KifvE)a A 10 54657
(m/v) RNAstore {1, 4 CEAF— B, i A-20C
KIARAF % . T2 Lemarié %5 (2004) (1525
J7ik, WEAT IS VRN #5300, A1 e e 56 BT 0] I
JEARIE I 5 8 S A 4% AR 7 R U2 23R A7 &
.

1.2 K@

RNAstore fR{7# Quant Reverse Transcriptase
MW 5% Wil X 9Ot 58 FE A1) (Realmastermix SYBR 1)
B AL R R AR A R A 7] . Trizol 55714 H
Invitrogen /A # . PrimeScriptTM RT-PCR Kit «
pMD19™-T Vector /% 3'-Full RACE Core Set Ver.2.0
RF £ Takara /A @] #24/t. SMART RACE cDNA
Amplification Kit I Advantage II PCR Enzyme
System [ Clontech A w]. JK[HIWAd H 1 H 2 ]
(] Bio Spin Gel Extraction Kit {7l &, X-gal. IPTG.
BN HHERN LIEY TRAR . 5I1WE RS
DNA U5 i1 B AR T A TRE O 7] 58 1o
1.3 RNA {£HlK NKCCla EREEkE

&L RNA TR B RNA $2H0GA 7 & Trizol
UL ERT, KIS -80CIRIFH . S
Genebank ' ) % & b w ¥ AF £ (AY513737)
NKCClo #&[K cDNA J¥%1, W H Primer Primier 5.0
BAFET S (3R 1); H Oligo6.0 K505 411855,
BLASTX Bk 5 |95 e e I — 1%

{8 ] PrimeScript™ RTase i %% 5% 25 B cDNA 4
—HE, RNAERS AR SR, A PLL P2
AIP3 —XF 514147 PCR §74% NKCCI (1 cds F B,
W= K 4394 18404 1570 11 114 bp. R
N 94°C 3 min; 30 MEH 94°C 30 s, 52~
63°C 30 s, 72°C 1 min/1 kb; T 72°C 10 min;
3'RACE cDNA 55— M-MLV B 5k, H
3'GSP1 Al 3'GSP2 51#43 75 3'RACE OUT A
3'RACE IN 5| #3347 #20 PCR §734, 3743 NKCCla
SN 3'u )P 4, H SMART RACE cDNA
Amplification Kit "] Oligo (dT)514, % M43
£ MMLV B F 455 S'RACE cDNA 25 —4%, i



6 JuliTES: pE % kM NKCCla 3K cDNA FefE & mRNA 414K 15 %R 603

H Advantage II Polymerase mix -5 5l &5 H1 [
5'UPM 5|¥J#1 5NUP 51445 % 5'GSP1. 5'GSP2 i
17 PCR ¥ #, /79 NKCCla 3£ 5'%)7 5. PCR
SN PR 1.2% B IERE FE YK, Biospin Gel Extraction
Kit [F H 0BG &8 pMDI9-T #ifk, 4°Cidfy,
¥4k, DHSa B2 540, WBIRAE S A X-gal JiK
Y. IPTG ¥ UMLK (1% Amp) 14
R R, A EE B BEREAT IR E, ki e —
WivE, LB(1%0 Amp )R iAR 7754 37°C 250 r/m it
W, HRA PCR %5, BENLPkIL 5 /B b 1
WZAT B T . M Vector NTIS.O
BioEdit7.0. MEGA4.0. DNAMAN 254 4 5245l
Jy 2 AT 37
1.4 REBRFIISH

W 45200 cDNA ¥ 3 H] NCBI 4 3
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) BLASTP #k ff:
BEAT [F) 5 2 PR 2 R TR e 2 ) 98 R T T D) 132 HE
(open reading frame, ORF)Zd J 1 /7> /1) (1) 4 Wi i it 4%
fF DNAMAN 6.0 5¢1; 2R IFIE LT Clustal
X2.0 B AF AT 4> M, BEAL R 54 T AE http:/
www.expasy.org/tools/protparam.html HE17; FJH M
%t Y5 SignalP 3.0 Server: http://www.cbs.dtu.dk/
services/SignalP/ 71 £& 1IN A §E (1) 15 5 K A D147
#i; 1E PredictProtein: https://www.predictprotein.org

W 3l 1 2 T 28 B PR I — N R A
1.5 RFEHALSF

M MEGA 4.0 #/F3E47 NKCC1 R RSk
A AT, AR R B 5 B S L v B 4 A (Oreochromis
mossambicus). fifi(Dicentrarchus labrax, ABB84251)
K VG fE(Salmo salar, ABI74746). fi&fifi(Anguilla

anguilla, CAD31111) . ¥t & 44 (Danio rerio,
ACT52814) « [ Bt fi % (Squalus acanthias,
AAB60617) « dE ¥ JKX % (Xenopus laevis,

ABNO05233). Z i (Mus musculus, NP_033220). /)
it (Rat norvegicus, NP_113986) % A\ (Homo sapiens,
NP_001037)f] NKCCla/B f] ClustalX £ & L4k
R, ¥ Neighbor-Joining B, LI 740 LA 2
W) B AT 75 W & HL (Caenorhabditis  elegans,
NP_001076724.1) NKCC1 1E & NI-B () 4h 2 BE,
Bootstrap V247 1 000 #CPEAl .
1.6 qRT-PCR #&l mRNA RixE R

I H SIS 2¢ % 72 5 PCR (quantitative real time
PCR, qRT-PCR)Kll NKCClo JE K ZEME . BF. s
B mRNA AHXFRIER. B lpg & RNA, H
Quant Reverse Transcriptase 1 4% Sk i §2 FE Ui B 156
B cDNA %54k, —20CH-AFE. Wi DL RN
cDNA FH it — XS & & PCR 514
RTPF/PR(K 1), Z g ¥ T IEM(EUB8TIS)E K

#1 EFE®RE. RACE X qRT-PCR B354

Tab.1 List of primers used for cDNA cloning, RACE and qRT-PCR

514 Primer 514751 Sequence Tm {H Tm(C) £ Note
PI1F 5' CTTACTCGTCGTCCTTATCACAG 3' 56.4 cds PCR
PIR 5'TACATTCCTTCCACCGCTTC 3' 57.6 cds PCR
P2F 5' CTGTGATGAGCGAGACGAG 3' 52.0 cds PCR
P2R 5' CAGCCTGGTGAGTTAGCC 3' 53.2 cds PCR
P3F 5'-ATCAGGCTCGCTACCAACGC-3' 62.6 cds PCR
P3R 5'-TTGCCACGCACCAGAAGGAT-3' 63.5 cds PCR
3'"GSP1 5' GAACAGCCCAGCAGTCCAGAAAGAT 3' 65.1 3'RACE
3'GSP2 5' AGATGATATGGAGCAGGAGGCAG 3' 62.4 3'RACE
5'"GSP1 5' TGGAGAGCCCAGTGATGGTTGTC 3' 65.8 5'RACE
5'GSP2 5' CTCCGACAGGGTGGGTCTGGTGAGTTTC 3'" 68.3 5'RACE
RTPF 5' TGTGGAACTTCTGGTTGGTATGGA 3' 63.2 qRT-PCR
RTPR 5' GGCTGTGATAAGGACGACGAGTAAG 3' 63.7 qRT-PCR
B -actin F 5' TGTGATGGTGGGTATGGGT 3' 55.8 qRT-PCR
B -actin R 5' TCGTTGTAGAAGGTGTGAT 3' 54.4 qRT-PCR
3''RACE OUT 5'" TACCGTCGTTCCACTAGTGATTT 3' *
3'RACE IN 5' CGCGGATCCTCCACTAGTGATTTCACTATAGG 3' *
5"PM 5S'CTAATACGACTCACTATAGGGC3' *
5'"NUP 5'AAGCAGTGGTATCAACGCAGAGT3' *

*$57~ RACE 514 (Indicates the universal primers for RACE).
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JE[HB-actin Wil N 25|49, KH SYBR green I %
YeRIAE iCycler iQ real-time PCR system (Bio-Rad)iE
17 PCR ¥18, 7E 8 HKE (Axygen) 1 025 LT e W AK
%: 2.5XReal MasterMix 8 uL,20 X SYBR solution 1
uL, 1+ X510 pmol/mL)#& 0.4 pL, i
cDNAT pL, BT LLAE S /KA, #M 78 RNase
free dH,O %2 20 pL; PCR Jx W4+ 95°C 2 min, 40
MR 94°C 20 s, 55.4°C 20 s, 68°C 15 s; JifE
55-95 CHIER R . RN 4R G, M iQ5
RT-PCR ZZiH ) GeneExpr HAFER IR iEAEA
(Normalized expression, " CT) F#E4T HX & & 2>
5 S3LL 0 #hJ% Tl NKCCla 5 mRNA ik
ENXTHRAL, AR T 136 #hE FMRIEEEE.
AT FIE 5 LS4 £ AnifE i (Mean £ SE) &1

2 4 R

2.1 IEMERMERIREER

WP m ARG UK R B, B 136 SRS
=AMAWA SILIEH 6 RBAFE, JETIFRIE 94%, H.
TPl AR TCIE A IR TR PR A T Rk 2 S . B
W5 RIEERA R AT & o BRI R], R
TR MNMATET . WA R 1.
2.2 NKCClo #[& cDNA i

SIS PL. P2, P3 M HEE Bl cDNA i
SEIX, PHESE RN 2a Fran. Sl Bl G e 4,
SN G, 24 Blast 2047, SR Pk
NKCClo JE K & EAL. F Vector NTI 8.0 #A4-f
¥, RT3 470 bp 1) cds K0 FF . HEHESRAFH
4143 5% 3' RACE Fil 5' RACE JE R vk 5 14
(GSPs, % 1), ¥"1 NKCClo KKK 3" Sl 5 3,
PR 2 b fron. [, TR S T
5 cds 0P AIPHE, 1331572 cDNA gafidIX 4K
¥4l 5% NKCC1 K (Genebank 35

reading frame, ORF)F1 44 bp ) 5'JEHHPEIX (UTR),
S 202 bp ) 3' UTR JF41(& 3. 4).
2.3 NKCC1 EEREBRF5 54

{f H DNAMANG.0 X {14 3 5% ' NKCC1 2 [A
ORF #ts ) 1 151 ANEUHERR, T A H )5 1A 2
TN 125.58 k, BRBSEHL RN 5.77. 7E ORF [f)

120 4

100 - s N

< 801
_ B 158 1
g 60 —— i 2
i 2 30 3
= é 40 s
T3 e TRACH IR

£ 2

L

HhIE Salinity

K1 =2 B AR TR £h 6 45 R
Fig. 1 Salt-tolerance result of Sarotherodon melanotheron
SANRIG LA R P K AR L 80 1y iy = SR Sk
The salinity increased 8/day in the three replicated treatments.
=i, == experiments; “*:control.

(bp)
TUMUS3 M Rl

1000
750
500
250

100

(b)

Kl2 NKCCla K cDNA § 345 R
Fig. 2 The results of cds PCR of NKCCla gene
M: DNA H% 2> T & As1E DL2 000; Spl. Sp2. Sp3: 514 P1.
P2 il P3 {3145 L, S3UH1 S5': 3' RACE Hl 5' RACE #1945 54,
M: DNA Marker DL2000; Sp1,Sp2 and Sp3: PCR results by P1, P2
and P3,respectively; S3' and S5: 3' RACE and 5' RACE products of

GU066877)@/E: 3 456 bp E‘]}:F}‘ﬁ( Iﬂ i,iﬂi(open NKCCla precursor cDNA.
SM-NKCClu 3702 bp
SGSPL NKCCla poR 3GSP2
5'GSP2 RIPE RrpR nkce3'gspl P3R .
PIF § = Poly A signal
Bam HI1 (315) P2F PIR P3F
5'UTR P‘;]:ir;:l{
\ e |
| |
3 B % NKCClo B K R 12 Py 91 45 K 7 R P B A SCAE T 8 PCR 5 TR AR

Fig. 3 The primary structure of neucleotide of Sarotherodon melanotheron NKCCla gene and the relative

sites of PCR primers in this study
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[s'uTr— gtttgatccacacgctttccacgttcatctgtgtitgctgta

TGTgAGiACgATgCTgTGiGTgTTgCGiTCgGGCGGAGHACTgTG
CGACGGAACATGATTTGCTAGCCCCGGATGCGGGECAGAAGCCACCCGGTCCGACGCCCAGTCAGAGCCGGTTCCAAGTGGACCTCGTGS
A T E H D L L A P D A G K P P G P T P 5 @ 5 R F @ ¥V D L W
CTGAGGCTGCGGGCGCCGCCGATGATAAGACTCCGAGCTCCGACGCGTCTGCCGCTGCTCCAGAGGCTCCGAGTAGCGATCCAGCTGTCA
A E A A G A A DD K T P 5 5 D A 5 A A A P E A P 5 5 D P AV
GUGCAGAGGAAGCTAMAAGGTOGGTTTCGGGTOOTCAACTTTGOGGATCCGACTOGGEAAGGCAGCCTEGCCCTCTCOGGAGGCAGCGOCGA
s 6 E E A K 6 R F R Vv VvV N F A& DPF TG E G S5 V A 5 P E A A F
CTGAGGGAATGCAGAACGGAGACACTGTGATGAGCGAGACGAGCTTGCATTCATCGACTGGGGGCCAACATCACTATCACTATGACACCC
T E 6 m @& N ¢ D T ¥ W &8 E T & L H &8 &§ T 6 G @ H H Y H Y D T
ACACCAATACCTATTACTTGAGAACTTTTGGTCACAATACCATCGATGCCGTGCCCAACATCGATTTCTACCGGCAGACAGCAGCACCGC
H TN T Y ¥ L R T F G HNTTI DAV P NI DF Y R @ T A& A P
TEGEGGAGAAMCTCACCAGACCCACCCTGTCGGAGCTGCACGATGAGCTGGACAAGGAACCCTTTGAGGATGGCTTTGCCAACGGTGATG
L G E K L D F
EACTTACACCAGCTGAGGBGGCTGCTGCTAAAGEAGCAGCTGEGTCAAAAGGAGTGGTCAAGTTTGGTTGG&TTEAAGGAGTGCTGGT&C

KE G ¥V L W
GCTGCATGTTGEAC&TTTGGGGTGTGﬁTGCTCTTCATTCGCATGTCCTGGATTGTGGGCCAGGCTGGGATTGCTCTTTCCTGTGTGATCG
E ¢ M L N I W ¢ ¥v M L F I R M 5 W I V G @ A G I A
TOGCCATGGCTACTGTAGTGACAACCATCACTGGGCTCTCCACCTCTGCCATTGCCACCAATGGATTTGTAAGGGGAGGTGGAGCATATT
vV A M A T VvV ¥ T T I T ¢ L 5 T 5 A I & T N G F ¥V R G G G A ¥
ACCTGATTTCAAGAAGTCTTGGCCCAGAGT TTGGAGGCTCTATTGGTCTTATCTITGCCTITGCCAATGCAGTGGCTGTTGCCATGTATG
Yy L I s R 8 L ¢ P EF G G 5 I 6 L I F A& F & N A V A V A& N ¥
TGGTGGGCTTTGCTGAGACTGTTGTGGAACTTCTGGTTGGTATGGATGCCATCATGACAGATGAAATCAACGATATCAGAATCATTGGCA
v v 6 F A E T VvV ¥ E L L ¥V 6 Mm D A I M T D E I N D I R I I G
CCATTACAATAATCAIILIlLlGGGCAlLllelAGCAGGAATGGAGTGGGAGGCCRAGGCCC&GAlL1lLllALlLblLulLLllATCA

Ll

CBGCCATCTTC&ACTATTTTATTGGhﬁGCTTCATTCCTGTGAAGTCAﬂﬁGGAAGCTAAGGGATTCTTGGGCTATGHTGCTTC&ATAATGT
T & 1 F G 5 F F Vv K & A E G F L G Y D A 5 1

F N ¥ I I E E "
GOGAGAACATGGGTCCAGACTTCCGAGGAGAGACGTTCTTCTCTGTGTTTGCCATCTTTTTCCCCGCOCGCCACTGGTATTCTGGCTGGAG
W E s v

s
CCAACATTTCAGGAGACCTTGCTGACCCACAGATGGCCATCCOCAAAGGGACCCTTCTAGCCATATTAATCACAGGGATAGTCTACCTGG
T L A L I G

A S G L P K
GTGTTGCTGTTTCAACAGGCTCCTCTATTTTCAGAGATGCCAGCGCARAATCTGAATCACACAATTAGTTCTCAGTTCATCGCCAAMCTGCT
¢ vV A VvV 5 T 6 8 ¢ I L R D A 5§ G N ¥V N D T I S & F M A N C
CCACTGCTGCCTGCAAATTTGGCTATGACTTCTCTACCTGCEHGAATGAGGETACCTGCCGCTﬁTGGACTGCATAGGGACTTCCAGGTTA

=]
TGAGCCTTGTTTCTGGTTTTGGGCCCﬁTCATCACTGCTGGCATCTTCTCTGCC&CTCTATCTTCAGCGCTGGCCTCTTTAGTTAGTGCAC
M S5 L s ¢ F ¢ P I I T & G I F 5 A T L 8 8§ A L A S5 L ¥V 5 A
CTAAEGTTTTTCAGGCTTTGTGTAAGGACAACATCTATCCTGGCCTGCAAATGTTTGCCAAAGGCTACEGCAAGAACAATGAACCCCTAC

F E ¥V F A L C KE D N I ¥ P G L @ M F A E G Y G K N N E P L
GAGGATACATCCTGACCTTCGGTATCGCTCTGGCCTTTATCCTCATTGCTGAGCTGAACACTATTGCACCCATTATCTCCAACTTTTICT
R 6 Y I L T F ¢ I A L A F I L I A E L N T I & P I I 8 N F F

TGGCATCATATGCETTGATCAACTTCTCCGTGTTCCATGCCTCACTGGCTAACTCﬁCCAGGCTGGAGBCCT&GCTTCAAATACTACAACA
TGTGGGTTTCCCTTGCTGGAGCCATTCTCTGCTGTGGGGTGATGTTTGTCATCAACTGGGCAGCTGCCCTTCTTACAAATGTCATTGTTA
TGGCTCTCTATATCTATGTCAGTCﬁCAAGAAGCCAGATGTGAACTGGGGCTCATCGACCCAGGCTTTGACCTACCACCAGGCCCTGACCC

G Q
ﬁCACTCTGCACCTTAGTGGAGTGGAGGACCACGTCAAGAATTTCAGACCCCAGTGTTTGGTGATGACTGGTTATCCCAﬁCTCTCGTCCTG
H T L HUL S G vV EDHWV KNV FRKRP Q@ CL VM TG Y P N S R P
COCTTCTGGATCTAGTCCACAGTTTCACCAAGAATGTAGGCCTCATGATCTGTGGCCATATTCGCACGGGCTACAGAAGACCAAMCTTCA
A L L M I ©C G
AAGAGCTTGCCACAGATCAGGCTCGCTACCAACGCTGGUTGCTCAAGAACGAGACCAAAGCCTTCTACACGCCAGTGTTTGCTGAGGACT
K E L L K N E T ¥V F A& E D
TAAAACAAGGCTCTCAGTACTTGCTTCAGGCTGCTGGTCTTGGCCGCCTCAAGCCAMACACCCTTGTTCTGGGCTTCAAGAATGACTGGA
L K@ ¢ 3 @ ¥ L L @ & A ¢ L ¢ R L KE P N T L V L G
GGGATGGGGACATGATGAATGTGGAGACTTACATCAGCATGATCCATGATGCCTTTGACTTCCAGTTTGGTGCTGTTATCCTGCGACTGA
R D G D M WM W VvV E T ¥ I § M I H D A F D F F G A ¥ I L R L
AAGAGGGGCTGGATGTCTCCCATATCCAAGGGCAAGATGAGTOGCTGTCCTCGCAGGAAAAGCCATCAGGGATGAAAGACGTGATCGTTT
K E Q G
COATAGACACCAGCAAAGACTCTGATGCAGATTCCTCTAAGCCATCCTCTAAGGCCACCAGCCTCCAGAACAGCCCAGCAGTOC AG AMAG
s I D T 8§ K D 58 D A D S 5 K P 58 5 KE A T S5 L N S P
ATGATGAAGATGATGGCAAAGCTACAACTCAGCCCCTGTTGATAAAAGACAAGAAGAGCCCGACAGTCCCTCTGAATGTGTCTGACCAGA
b o E DD G K A T T @ P L L I KD EKEK S P T V P L N WV 5 D Q
GGCTGCTAGAGGCCAGCCAACAGTTCCAGAAGAAACAGGGGAAGGGCACAGTGGATGTCTGGTGGCTGTTTGATGATGGAGGTCTCACTC
E L L E A 5 @ @ F @ K K@ ¢ K ¢ T vV D V W W L F DD G G L T
TGCTGATCCCCTACCTTCTTACCAATAAGAAGCGGTGGAAGGAATGTAAGATCOGTGTTTTCATTGGAGGCAAGATCAACAGGATTGATC
L L I I N R I D
ACGACCGCAGAGCGATGGCTACTCTGCTGAGCAAGTTCAGGATAGACTTTTCGGACATTACTGTCCTTGGAGACATCAACACCAAGCCCA
H D R I N T K P
AGAAGGAGCACATGGCAGCCTTCGAGGAGATGATTGAGCCTTATCGGCTGAAAGAAGATGATATGGAGCAGGAGGCAGCTGAGAGGCTGA
K K E HN & A F EE N I E P ¥ R L E EDUDME @ E A L
AGAACAGCGAACCATGGAGGATCACTGACAACGAGCTGGAGCTATATCGTGCCAAGACCCAACGTCAGATCAGACTCAACGAGCTGCTGA
K N 8 E P W R I T D NEILEIL Y E A K T o R @ I R L N E L L
AGGAGCACTCAAGCACAGCCAACCTCATTGTTATAAGCCTCCCATTAGCCAGGAAGGGCGCTGTGTCCAGTGCTCTCTACATGGCCTGGC
E EH & 58 T Ao N L I ¥V I 8 L P L & R E G A V & 5 A L ¥ N A W
TGGAGGCATTGTCEEAGGﬁTCTGCCTCECATCCTTCTGGTGCGTGGCAACCACCAGAGTGTCCTCACCTTCTACTCTTA&?ggggnaaag
L E A L 5§ K D L P F I L L ¥V R G N HQ@Q 5 ¥V L T F ¥ 8
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Fig. 4 cDNA sequence encoding the NKCCla of black-chin tilapia and the deduced amino acid sequence
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Fig. 5 Construction of phylogenetic tree based onNKCC1a/
amino acids of Sarotherodon melanotheron and other animals
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Fig. 6 Analysis of variance of amino acid alignments of NKCCla isoforms found in Sarotherodon melanotheron,
Oreochromis mossambicus, Salmo salar and Anguilla anguilla
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Lowercase “M” indicate the location of putative transmembrane domains along sequence of S.melanotheron as predicted by PHDrhtm.
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Fig. 7 Variated expressions of NKCCla mRNA of black-chin tilapia in different tissues and between 0 and 136 salinity water in gill
mRNA FUUPIE BRI R, 07 F O R85 B IR .
Values are means & SE; the * and ** over bars indicate significantly different with P<0.01 and P<0.001, respectively.
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Fig. 8 Putative model of NKCC1 secondary structure
a: AN(5]H Xu & Forbush, 1994); b: % (5| Haas & Forbush,1998); c: & FI A LLxt 4 IR, AR & 1045 5% 5E(5] B Isenring & Forbush ,2001);
d: PEBFE LS, OGRS R ikt
a: Human(Cited from Xu & Forbush, 1994); b: Shark(Cited from Haas & Forbush,1998); c: Identity plot of shark NKCC1 to human NKCC1, dark
residues are unique to the shark NKCC1(Cited from Isenring & Forbush,2001); d: Sarotherodon melanotheron NKCCla to shark NKCCI, red residues
are unique to S.melanotheron NKCCla.
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