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INEE, B4, &7, AE, K, EAE, B
KA T TN STV ST A0, AR RS 0E, 11T Ki 116023

THE . L IR U7 il (Takifugu rubripes) T ARER B9 43 FHLHI, DL A SR K 41 0 6 R, R 52 280 @ &
PCR(qQRT-PCR)F A, /MWLl Ry Sishtafeh g 16, 12, 8 4 AT, SF1'E H 45k E H M (immunoglobulin
M, IgM). SN E I RIFZHE H 1(Na-K-Cl cotransporter 1, NKCCIFHAKTIEE 4 70(heat shock protein 70, Hsp70)3
LR RGO . SRR, 3 D IERITESAN B h 44 Rk, IgM F Hsp70 5 FITESEHNE A i) 3k i 1470 1 351
Z5(P>0.05), T NKCCI F&HAEE b ik & 03 T8 (P<0.05), Al —#hE T, W& EHm, 8 1gM JEH
1 2238 e KB ISR AR T a3, B b ) 2 ISR R AR S T i TR AR R s TRl — Bl Py, SRR B
A 50 BRAL Y Tghr SR Fe ik i 22 5 LU B 22 S 0 S I Bk o 7R rh, R R) A a) P9 NKCCT 36 DR 7 45 IR R B 4 10 36 38 it
XTI, JUHAE 6 h A1 72 h WA i) 5B S (IR X IR (P<0.05); B 45 B[] s A R R BEAR R = F 0 h 3%
ki, FEMRIEIE Y, 3 h, 6h, 24 h, 72 h (EARER A, 7E88H, Hsp70 I 355 235 5 [F — i) ) % f 21 2 [A)

S .(P<0.05); FEEH, M 6 h PR, S KER4] S50 IR 4L 2 7] 25 21k .35 (P<0.05). DL EZ5 SRR, 41884 5 il
4t IgM . NKCCI ., Hsp70 3 NSEH Y F 18 BAEAS [ 8 AN RIS ) T AR 7E 25 5, R LAfEa 3 AN 56 DR X 20 66 4% Jy il

CARERINR SN L R P L (A

K EEIR: LUBEARITE; SIATUEOGE & PCR; IgM; NKCCI; Hsp70; 2Rk

FESHES: S917 XRAFRFETS: A

21 68 7R J7 i (Takifugu rubripes) J& & £ H
(Tetraodontiformers), fifi V. H (Tetraodontoidei), fifi
Bl (Tetraodontidae), Zx J7 filiJg, F %404 76 H
(R TR L SR B 0 A P AR o i Y, DR R
i 3%, HIRMER, W2 15 %, EhEMdCs
HuIX . H AR FRPE R K 2LEE AR Ty
fli A 3G TR )2, MBRIRYE . )T AR R R,
HIEERJEF N 5~45, FadhiEgh 15~35%,

JUE PR R RS NIz W R B AR AL, xR
i B E S MU I8 B R A R, A
BB R R R E T BRI, %
RS H T AEBPRBE R IR, an, BErEergE
AL IEAL TR R F(CFTR)FE R 2 5 Eh Ml g
TR (Dicentrarchus labrax)HUAXT KI5 L BEAR AL,
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YU R $h AL BEASPF B IR IKE DL, 83T 3
NN RIE G HIEZM R AR
ZLEE IRy i ) A B AR 2R B, LA D 4 o 416
RTS8 R P T 1 1AL R e AR

1 MRE5FE

1.1 SREHMM5IEIT

I T L1668 AR 7 il 4y £ ) 1 R R OE Sl
BIRAT, FHAK R (7.18+0.34) cm, FHIfAE
R(11.3442.13) g, F R MR 2#0T R K IS 57
P TR SR E R SR T do L K A LA B Y R
SRIG /K GREE-¥ 0 32) M5 MRS S A Sk K e i i
PARER FEIRE K, 288N 200 L W5 B KA, KiR
(25.03+0.42)°C, 24 h LTS,

Wit 5 A EREERREE, 4300 R 32X HR4H) . 16,
12, 8. 4, BAEERE 3417, NEFRLEE
IRIT gt B R /N, L (AH SR A AR i
Focmy, BSR4 30 B, RIARA 7 A ik
A 10 B4, A JG SE BN IR TR, 430 7E 3 h.
6h, 12h, 24h, 48h, 72 h BUkE, B[] 5 4
NERBEAIE 6 E4hfh, FRECSBOLEATE, WA
IR, ZIERAET-80 CrkFEh#H .
1.2 FERXA

SIPAHL S RNA 2 BGRH &(DP43 1)l Tk
AR A PR A F]; DNA i ICT RNA ).
B 4877 &2 (PrimerScript™ RT Reagent kit)ll] Tk
EFAEY TRA R/ F]; Marker (DL2000) , FastStart
Universal SYBR Green Master (Rox)Ily H 3% 71 5
BT 586 ER PCR B3I M4 TAY T#H
(T8 e A BR 2 F) A o
1.3 2 RNA HJREUK cDNA &5

HRAE KRR A A RSP 21 8 RNA
B UL, BRIBUAS [R) 46 B b B 119 2165 7R il
I ZH LR M RNA, B4 pL #:47 1.0%(W/ V)R B
EWHEERC FL K, A RNA B 528 bE; B2 pL T
R O EEE TG R AT R /A F] 754 1)
MW E, ODagp/ODogo HLHTE 1.9~2.1 X[AIN Y
RNA A] JE47 S 5 500 o M40 PrimerScript’™ RT
Reagent kit( K% FAY TREA BRA ")) & i
B, D420 pL R RN 1 pg i RNA JEAT 52 % 55 g

A cDNA 5 — 558, [ SR Z&: 5xPrimeScript
Buffer (for Real Time) 4 pL, PrimeScript RT En-
zyme Mix [ 1pL, Oligo dT Primer (50 pmol/L)1 puL,
Random 6 mers (100 pmol/L)1 pL, &L RNAI pg,
RNase Free dH,0 FE 4 & 20 puL, 5574 37°C .15 min,
85°C . 5, RMZEHE 7T T 20 CHRAF
14 IEFEE PCR &M mMRNA RiZER

G NCBI A L iB B9 2188 A 7 i 1) IgM
(AB125609.1), NKCCI1 (XM _003965043.2) ., Hsp70
(XM_011603752.1)F1 p-actin (XM_003964421) )&
K51, I Primer Premier 5.0 511256 E &= 5]
Y, 519 WA TAY TR EERMBARA A G
%, P38 PCR i e th 454 8 — H G AR 15
Y, SRIG POt E B PCR K5 4 0 4r S 1,
PRk S5l B — HAR R s M (R D#1T9EO
JE PCR 555 o LIAS[A)ER 8N 2168 407 i 4 £
F1'E B9 cDNA AR AL MR, DL B-actin S
FEH, KW Hsp70, IgM Fl NKCC1 F:PH A AR X 2
ki, POLE R PCR WK FR: SYBR Green
Master (Rox) 10 pL, . TFU#E514#(10 mmol/L)%
0.5 puL, cDNA #ifix 1 uL, FAPEXTRE LIS 5 1) RNase
Free dH,0 1%, H¢J5#M7T RNase Free dH,0 % 20 pL,
BEDRE IR 3 AT AR W : 95°C (10 min;
95°C. 155,60°C . 1 min, It 40 MER, fEiR)G—
MGG AT AVERE ML o B PR A X e 35 & LA
2T, SR bR (x £SD)#E
7, 8] SPSS 16.0 B X5 46 K BEAT B R
T ESNT, R RENHTZE LB, Y
P<0.05 BN SEER S R 22 57 W%

£ 1 RAEE PCRIIMFES

Tab.1 The sequencesof primersfor real-time PCR

519 primer J¥3 (5'-3") Fr B /op
sequence (5'-3") fragment length

qlgM-F GTCATCATCAATCCCAAGC 112

qlgM-R CCTCGTCCTCCCACCAAAT

qNKCCI-F  TGACTGGAGGGATGGTGA 134

gNKCCI-R  CTTGTCCTTGGATGTGGG

qHsp70-F AGAGCCATCCAAATCAACC 157

qHsp70-R  GGACCTCCTTCAGCATTG

p-actin-F ATCCGTAAGGACCTGTATGC 148

f-actin-R AGTATTTACGCTCAGGTGGG
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2 ZEHER

2.1 IgM, NKCC1, Hsp70 EFE AL R 7%
BARRALTRHERIE

3 AEREEMEEK (IgM . NKCCI . Hsp70)7E
21 8 7Ryt 4 £ 1) B RN S 358 Rk (B 1), DL
R EENEE 1, RE 1 ATE L, IgM %R
EWA AL g Rk & T W % 22 5 (P>0.05), H
AIBA R A iR IgM R IK AT, NKCCl
AR ER, BES T EhREAR,
BB RN 13.80 f5(P<0.05); Hsp70 F:NTE
B R ) R A 25 F RO 3 (P>0.05)

T>a 16 [ b
14 IR 1.
2 15l n=3;ESD = 1 kidney
Iﬂt_‘g S 1o r s fif gill
K E 8l
B 6
Eo |
2 4t
T: 2t a4 a a @
ol__Fr R BEEH IBEEEE! |
IgM NKCC1 Hsp70
A gene
Bl 1 R Ty iig)fa 3 5RO A
TE SR B H A X 3R A

A T S B 2 7 RS 9 20 21 1] 2% 55 B % (P<0.05).
Fig. 1 Expression of three salinity related genes in gill
and kidney of Takifugu rubripes
Different letters denote significant differences
between gill and kidney (P<0.05).

22 REPMBROABERAHHEHR gV EEH
Fix

FIHZE A E 7 PCR 7 L4 AN R R ke
CTUE AR DT il IR B b TgM JE ) F IR TEM, 45
WK 2 s e (& 2a), B 800, A
[FEh BT A TgM FE PRk w s SRR, #
JE 16 FIEREE 8 MR REMMUS TR, 76 12 h
Rk W E KT 0 h, BRI MIEP<0.05), £k
FE 8 7E 48 h YR IA i 5 T 0 h(P<0.05), L
12 MR EE 4 Bk s AR LR AR K, 7E [A] — B [a]
M, 3 h R S Rk m S X A AR B, &
X HRZH 119 2.39 £3%(P<0.05); 12 h FF44, [Rl— ]
P AAIRER B2 4 119 F ik i 5 0 P2 22 5 I 2 PR G i
e HEL R 16 AL 8 WidH 5 %) HR L il 22 S ol i
F(P<0.05),

(B 2b), [Rl—3h BN, Bl R
I, IeM BRI 6: T AL 8 1 6 h (A RIS = T
0 h4h, HARAMEEAMFRBEHMT 0 h BRE
Ko 3h ISR R ERR TR, Z5H
JITIET T, AH A5 AR R B 21 26 35 i 5 7E 8 P ok L AR b
TREEA K, ZER—BF S, IFE 6 h 12 h 7
AEFE S NERE 8 MERSEEE S TXHRA

(P<0.05), 435 xt BEZH Y 1.99 f5 51 1.67 13,
a
. EhF salinity .
B gl 032 08 ¢
n=3; 7+SD als o4

ol2

MR R
relative expression level
oL =N
ONPAANOONPALNODO

AR AR
relative expression level
OO ==
SN A OO O DN BN

6 24

12
A} [E]/h time

K2 A[EELEE a2 AR T 2t IgM
TEHED (a) N (b) T AR X ik &

* IR A —Eh BEAR R[] 5 0 h [ 19 22 57 12 35 (P<0.05); AN[A]
FBERIR ] — I R A ] A BHL4H 22 ] 22 R i 25 (P<0.05).
Fig. 2 Relative expression level of IgM gene in gill (a) and
kidney (b) of Takifugu rubripes under different salinity
* denotes significant differences between different experiment
time and 0 hour within the same salinity (P<0.05). Different
letters denote significant differences between different treat-
ment groups at the same time (P<0.05).

23 RE:FMERLOERAHLZE R NKCCL EE
KIRIE

AN TR 5 My 38 T 21 65 7R 7 fil &)y £ 8RB
NKCCI FEH Bk 15 L UL IE 3 7E 68 (& 3a), h
B 16, 8 WAL H 2T E-FRIR—TH = —FRAT
R, BITE 48 hik B K MH, &0 h FiEF M 1.89
£ (P<0.05)F1 1.57 1%(P<0.05); ¥hEF 12 By NKCC1
FER SRR BT, MR 4 (0 Rk R R
THE -k s, 78 72 h IR 2 RAK, b 0 h 1K 4.67
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a HPF salinity
i gill 03208

AR FREE
relative expression level
S = = NN oW
S L O Wi © W O

24
Bt [A]/h time

¥ salinity

XK R
relative expression le
S = =W
S L ©O L © W ©
o %

B} [E]/h time

Bl 3 ORI ER B0 T 25 R Dy i %)t NKCCl
3 [ 7E 8 () 15 (b) R RO AR X 5 1

* FOR AR BEAN R B E] 55 0 h [R] Y 22 55 i 3 (P<0.05); A

[] B 73 ] — Ao [ AN [7) b B2 22 [ 2 5 {3 (P<0.05).
Fig. 3 Relative expression level of NKCC1 gene in gill (a)

and kidney (b) of Takifugu rubripes under different salinity
* denotes significant differences between different experiment
time and 0 hour within the same salinity (£<0.05). Different

letters denote significant differences between different
treatment groups at the same time (P<0.05).

£5(P<0.05) E[R]l—AF ] AP, 5% FRZHAH A5k
EREH R NKCCI W FiA i/, 48 h Ll %
Z5(P>0.05), HARBFR] S PRER BEAT 5% B2 H 3
50, JoH 6 h A 72 h 22 F0ERCN .35 (P<0.05).
HE 3b A A, R, F—iET, A
BRI 38 0, NKCC1 3EH ik a5 0 h A b R#HT
T 5 (P<0.05), KREBCE T = —FFAK—TF+ = 1)
B, T2 h B S AN EREHAMERSR R R EST Oh R
K (P<0.05), ik F KAH . 7E Rl —A B[] £,
24 h AARER B ALY Fe 1k 2 5 0 HR AL AH L TG B
255 (P>0.05), AT ] 55 N AT AS [R) 72 B 1) 22
5, N, 3 hF 48 h FhE 12 AR RSB BAL
TFXF L (P<0.05), 6 h Fll 72 h $h)F 4 Ay FikE
T T IR ZH (P<0.05), 12 h $hJF 4 4%k &
R T R IR ZH (P<0.05), HE X IRZAAR 8.25 1%,
24 REBrBEREIEERAELED Hsp70 EE
AN E 7 PCR J5 k43 B A [ ER a8 T

(LT 88 2R )7 i R A vh Hisp70 LR 135K 1500,
G 4 s ARSI (8] 4a), R 16 4I7E 3 h
A 2RI N, J2 0 h 19 2.55 1%(P<0.05), #h
JE 12, 8. 4 AR BEAE RhZHBE TR, 2
Ja PR/, Hrp 3 8 4H7F 48 h ISR 4 7£ 72 h
F AR B FEMLT 0 h(P<0.05), [A—H}E] 5,
XA, ANRUREREEA Hsp70 FEH ) F R
S I AN R R B A 0, BN A A [R) B [ A
K25, 3h, 6 h, 24 h, 72 h H{KERFH
KRS R —mHE X IR B 22 R, 24 h 2
SRR

(& 4b), [Rl—Eh BTN, Bl R Y
I, Hsp70 SEH R ZRE G Reeai b i g . 5
FE 12 207 24 h BF A B KME, /2 0 h IYRIB RN
1.88 f5(P<0.05); #hJ¥ 8 4AFIERFE 4 4/ HI7E 6 h
124 h (Y358 B E T 0h(P<0.05), £ [F—H}
]2, 3 h S RERBE 4] Hsp70 KPR (9 33k &2 5 xf

3.5 . #7 gill
3.0 b

HF salinity

n=3; x+SD o032

AR R
relative expression level

] & Ed B 14, | B
3 6 12 4 48 72
b A1) /h time

#hPF salinity & kidney n=3; x+SD

o032
20 816 b

2.5

AR FE R
relative expression level

fisf [ /h time

K4 R[FEFHEE WA LR AR T it Hsp70 B
TE 88 (a) FE (b)Y AR X 5 5
*FR F) — L AR ] 5 0 h [B] ) 28 5 1. 35 (P<0.05); A
TR [F] — I [A) A [m] 4k BR 20 =2 [7] 22 7 . 3 (P<0.05).
Fig. 4 Relative expression level of Hsp70 gene in gill (a) and
kidney (b) of Takifugu rubripes under different salinity
* denotes significant differences between different experiment
time and 0 hour within the same salinity (P<0.05). Different

letters denote significant differences between different treat-
ment groups at the same time (P£<0.05).
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MR T EMEEF(P>0.05), 6 h JFEFHE, H 32 EKEBHEXTERFELE NKCCL EFH

H1 6 h ERE 12 43R5 & B E LT X IR L(P<0.05),
12 h ZJ5, AHFEES S AR RS ER 2 ik K
AR TR, 12 hEE s M RB B EEGT
Xt HE L] (P<0.05), 24 h, EhFE 4 BH I & T BT R s
(i) PR 18 % HE 2L ) 8 36 £ (P<0.05)
3 iFig
31 {RE:AMBEXAEER AL E IgM EERF N
G PEBR B R 0 RGN A Gy, e
RERRE I 1gM 2R EZENHAS TR R Z—,
FEHRHTEOR B . R A R, IeM Bk
IR RS R B I E B RO IR At
FAE R MR, FELLEE IRy il 4y fo ) b, 6 B b
WL TR S, AR IR 7E N A 45 Eh ALY
IgM FER MR EIA TS, JoHAE 12 h
F, $hEE 16 20 AER BE 8 21 A 41 ) 3 5 i A 2 e A1,
FEB A AU AR R ST IR J5 A Sh B A 4l 0 1 IgM
FER RIKRIRIR TR, X 5 KZEHF(Scophthalmus
maximus)%ﬁﬁ%zﬁﬁgﬁl[s], 2 4y £ AT
WEL )G, JokPuliE v, PNk H G 6k A irkg
%o 12 h JFHEr IgM FE R R84 Br L, (K
PR 4 LA TE T T i 1 B A e B T LA B
PIAEE . FEARRIETE Y, A 12 h FFaEAS AR ER B
ZH 1) Ight HE DR 36 35 B 55 0 IR 4 52 HAS TR R B 1) 22
S, RN TRMIER PR30 T & A N 1) e s 1 25 g
TR, FEE b, SR IgM R RIE
HM 6 h TP BT BT, 24 h 5 iR 4 03k
FeiFAa, Hay 3 AMKERA] 1gM R &k ok
K5 BT, (BARRIREE AN K, 2 B 4 12 2 58 L
JA B A ER BE K 3RS, Sy il TRaE . BN
) IgM LR FGR B AR ATR, B4 87
gz, TSR AR EE R, HUE R — B R
IRER B4 55 0 R 1) 22 St /N TR ST, 2168 R
il 4 £ B8RS R Tg M F PR 36k T () 22 S U R
[F) £ 200X} 8 B Ay o) 07 AS ), 8 0 98 3 TR A
TR EEAE, (HE5 R B AT B, 6
T 55— I ) PBCRUK PR A i ae ), ol S S5
Hh PR ) e R AR AR R T

=

NKCC S AR IE 12(SLC12A)RY R 51 2
—, JE—JEARAE T b R A R Y H v P B R 1 B
H, A[EIHiE Na' K, CI, 4540 AI(NKCC1)
FICRNKCC2) BRI R 1077 (R B 5 T
AR Na™. CUEEART KK, SR
T, RN Na* (CIU& it TR, Bk
iz 3 8l iz i O 20 a0 40 i I B Ry
NKCC #E 1 Na'/K'-ATP i 55 HLA P e T
WeRE, I ta AR N AMBE TR . E A ST
i, SR ¥ AE i (Oreochromis mossambicus)
(%) NKCCla FERAEARRIH L A 22 5 3Rk5k, JLH
Feff ek B U ABE ST b, AR ]
R WE T L8 AR Dy gl i b ) NKCC1 &
(Y AH X 2 35 e 5 X B AH /b, X 5 H i %
e[ Je ¥ F AEf(Oreochromis niloticus, Q)x§=% %
dEff1i (Sarotherodon melanotheron, &)]. KR8 ff
(Anguilla anguilla) . 885 (Morone saxatilis)f¥ 45
RO B N T A Al ) R
B, IR R K b i R AT R KO
FVEHE B KA B TR AR A N ARB & I, T
F TR, @IENBEE S KIRE RS
7R ZE IR/, PRI O AR K & 1 Ok 4E 47
W3R, Wl o R n e 5, M7
1 S P A S0 A IR B PR A R R e b, B
ALY NKCC1 ¥z H /b, 4% NKCC1 &
AR IR AL, 3 h )5, AFEREREA ML)
i NKCCI FEN P FRAE R IARRERN LR E
e, UL HH 4 32 T T L X ARG R TR AN 2
NKCCI B ais I, 5 b, BREE 4 4
fE 12 h R EF TR 0 h (RIK RS, K13
JETT A TH] s 1 R A i BEACHT R T 0 h Rk,
HIE—EMEaE, itk NKCC SR Y ik it
S RHRTE G . FEARFIN R, 55X BRZHAR 1,
T #hEE 12 4HAE 3 h BRIk i T IR A
(P<0.05), $hEE 16, FHEE 12 MFRFE 8 45X IR
T E 22 51(P>0.05), TMithfE 4 ANIEAAA
e IR IE, XA g AR 1k T RE PR O Y rh
PRI R R AL 5 O [R], WA W] RS 8
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A TR T T B PR W e A T TR R 1Y) R I R AR T
NKCC1 %} 7 Ik gt A e
33 RE‘LBMBEXNAEERAEHLSE Hsp70 EEH
Al

FEIE I s . EAIRE T SR
WAL, WA A B S —E fma >, Hsp
I HANE N EENbREY), EREEME T HRK
SRAERER, IRAM, ot ERmET,
Hsp70 T Hsp90 FEH 5 ik i Hsp70
YE Hsp FIEMEZ O Z —, T IRBE 00
N AEIHUAR R Sh A L 1 A U 28,
Hsp70 FEPH 4t () 2 AN RERS AR & E A
A, W] 5 VEE A MR R &AL S, WX
A AR E D ARz b, (RERMNA)E, AT
[ — Bsf (] R %o BRZH R 108, Hisp70 B& IR0 363k B AE
AN TR Foih 300 20 2404 A () 2 B A 5 - I AR
FEARTRIRT ]S A T 22 5, A v R e e A AR ER
T, LT ZR Dy il 4y £ %t B A e g s RS ], ]
B UL B Hsp70 £ 215 21 8 75 Jr il 4y £ 1) 5 )3
PRI TE AL, T i 4 GG R 3 N 1
i 2 IS (] A 1850, £R BE 16 41 14168 45 )y i 4y £ 6l
W Hsp70 SER BB SR M 5 3 h BFERSR
B, AR R B KR A B R R, U TR
ERBE 16 Ml T 21 68 4R Jy i & e S8 1 g 1 55 2
T, SREMNEE 3 h FRER Y Hsp70 LA
()28 A AT T T, ULBHAE B A4, Hsp70 3
DRI K 6 B8 g i 1o A B Gk, DA T i 1 4T 8 7R £l
gl A S L RE T o 6 h I AR, AS[IRER
FELL Hsp70 SER Rk Tt m BEAEHEORTE; 12 h
Z e, AHRIETE) £ AN R ER 4 A0 2 58 & KR
TXFRRAL, HEM ZEA R AR ER M aa T, g fa Xtk
V& ()38 I B I RTE], A T BB IR AR 1 AL A AS TR,
BEHLI A et — 22 5%

DI 255K W, 2168 7Ry i 4yt IgM \NKCC1
H Hsp70 FEPH )2 156 58 B AR A0 14 i) W AN [, 146,
WX 3 ANHE R 2 5 2168 AR 5 fili 4)) £ 14908 328 s 19
HRIF KRB, AR g ] it — 2
GELT G AR 7 Bl 11535 R T L P2 L SE R AR

SE Wk
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IgM, NKCC1, and Hsp70 gene expression in juvenile Takifugu rubripes
under acute low-salinity stress

SUN Menglei, Lii Huigian, BAO Ning, SI Bin, CHEN Fei, WANG Liping, JIANG Jielan

Key Laboratory of Fish Applied Biology and Aquaculture in North China, Liaoning Province; Key Laboratory of
Mariculture & Stock Enhancement in North China’s Sea, Ministry of Agriculture; Dalian Ocean University, Dalian
116023, China

Abstract: Takifugu rubripes is a popular food in China, Japan, and Korea because of its fresh meat and high nutri-
tional value. In recent years, desalination marine fish farming has aroused interest, and 7. rubripes is a marine
model organism for studying low-salinity aquaculture because of its ability to tolerate a wide range of environ-
mental salinities. This fish species has been used to explore the molecular mechanisms of osmoregulation in ma-
rine teleosts due to its small genome, and>95% of the genome has been sequenced. Studies have shown that 7.
rubripes can survive in hypo-osmotic conditions such as 10%—25% saltwater, but the fish does not survive in
freshwater. Therefore, to investigate the molecular mechanism of low-salinity tolerance in T. rubripes, the expres-
sion of three genes, including immunoglobulin M (/gM), Na-K-Cl cotransporter 1 (NKCC1), and heat shock pro-
tein 70 (Hsp70) was analyzed using real-time quantitative polymerase chain reaction (QRT-PCR) analysis of the
gill and kidney from juvenile T. rubripes under low-salinity stress. 7. rubripes juveniles were divided randomly
into five groups and maintained in water with salinities of 32 (control) 16, 12, 8, and 4 for 72 h. The results show
that all three genes were expressed in gill and kidney. /gM and Hsp70 expression levels were not different between
the two tissues (P>0.05), but NKCCI expression level in the gill was significantly higher than that in the kidney
(P<0.05). IgM expression decreased initially and then increased in the gill, whereas it decreased initially, in-
creased, and finally tended to stabilize in the kidney in fish under acute low-salinity stress. More notable differ-
ences were detected in the gill between the low-salinity and control groups compared with those in the kidney at
the same time points. NKCC/ expression decreased in the gill but increased in the kidney under low-salinity stress,
and NKCC1 expression levels in the gill were higher at all time points than that at 0 h. NKCC/ expression levels in
the gill of fish in the low-salinity groups were significantly lower than those in the control group at 6 and 72 h
(P<0.05). Significant differences in gill Hsp70 expression levels were observed in the low-salinity groups at 3 h,
6 h, 24 h, and 72 h compared with those in the control. Changes in kidney Hsp70 expression began at 6 h. Taken
together, these results reveal that IgM, NKCC1, and Hsp70 expression levels in the gill and kidney changed when
juvenile 7. rubripes were maintained in different salinities and for various durations. These results suggest that
these three genes play an important role in the low-salinity tolerance of T. rubripes and provide basic data for
clarifying the molecular mechanisms of osmoregulation in 7. rubripes.
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