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WE: WRAF X (Siniperca chuatsi)TEEVEM, 6B FHEMENa=210 mmol/L) AT, X#FitE1T
NaCl. Na,SO, il NaHCO; 2l . 7E NaCl £l Na,SO, W5 0. 12, 24 h MR/KIKE 5 24 h A1 72 h, DIKTE
NaHCO; i} 5 0, 0.5 h FIR/KMKE G 2 h Al 4 h, BUMBAEIA L, KM 7EBE K . BT E ML Na”/K™-ATP
i (NKA). Na'/K'/2Cl Pp[fl#5i2 & [ (NKCC) . Na'/HCO;H:#4i2 (& (SLC4A4) T C1/HCO; B T 32k (SLC26 A6)filE
TG R IEIE (Cel20, y-IFN. Dapk2)FEika . 455RFR W, 7£ 210 mmol/L Na'Jihie R, 3 Fhh birae 41 b 85 i 375
Na"#e JF ik 3 B3, CUHI Kk AL IR RE /N, 6040 21 NKA B 2 B8, NKCC Hl SLC26A6 BT 132 4, y-IFN
Dapk2 235 F 8., 5 NaCl #l Na,SO, i 2H R [R], NaHCO, k38 25 v 7 4 52 v i 20, LI 9848 s A 56 AR K
JE R E , SLCAAS BTG T Z 30, Cel20 Fik 8 F .45 E, 7€ 210 mmol/L Na™ ', NaCl il Na,SO, JHir361 17 i35 43
Gy ALAE, T3 A B 3 B 5 n T R R e N PR B AR AL, (L I Y 058 R BB AE 5 A MROK G HEIE R 1R 7K F, NaHCO;
Jofh 360 % B B 35 5% MR 58 T NaCl il Na, SOy e, NaHCO5 [k ™ F 0 il e BEMLRE,  H X ICHR 4385 % 32 B P (9 41 1
ER R, SFRBEEARIKE . BFITES X6 A B L 5K J A 6 € A B A SRR TR Ik . 0 1% O 22 5o SR AN
& RE L,

KR G hiha, BEK MWIEE T, Brikis;
FESEKS: S917 X AR EED: A XEHS: 1005-8737—(2023)08—0942—11

ERHK 8L A 1000~50000 mg/L AYE
EVEPE UK IR, BA B2 e A 24
SR . FRERERBK EE A R R &
T PGB R R IR A AR Jm Rk N, e 2 1)
({8 T4y E B CI L SOF A HCOs . WFFE A
AU I ER W30 X 7K AR A W B M B G 1) 22 S 6T
KA HFR K BRI . AR oK 7 325 25 R
B L, W INFE (Triticum aestivum)® | 25 (Sorghum
bicolor) I 4 38 B 15 (Medicago  sativa)™ & (1) #F
ST, REZEMER(NaCl, Na,SOs, NayCOs Al
NaHCO;) % H8 W) (19 35 T AF 76 25 5, #F 1M AT DUAR 3
RO - R BB B ALY . i 2 2

K B H: 2023-06-14; 1&I1THHA: 2023-07-14.
EE£WHE: SRR = b3 ARk R % 1 (CARS-46).

B L8 o AR /L, 8l(Carassius auratus)W) 24 W
WL R, NaHCO; BB PEAE K T NaCIPl) 24
B 0 i i S AL T e B s, 5 NaCl (25%)
FHLG, NaHCO;3 (4%o)Wh3E Ji5 AH D38 FE T Ji A Jgk
Je T AT RO ERBF I KSR R
REEN S B SN DAE = v i N S N i F N ) STE R O]
KR ENE, DU A [F) £ M af i) A 2
I AL i e = TR AR

BT B85 L R AR R, a2 R
1t 22 [ K A A BT 8 AS AR S AR TR Wl
FHEH Na*, CU%E T, 4B a5
T B 38 2 W R A A S (Na' /K -ATPase, NKA),
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B AP G 3L 32 B 1 (Na'/K'/2C1 cotransporter,
NKCC)® | Na"/HCO; 444 1% 4 (Na -coupled HCO3
transporter, SLC4A4)® | CI/HCO; B T 58 # &
(CI'/HCOj5 exchanger, SLC26A6)!"14 | 53 4685 1-
B AT AT £ 28 PV 8 — 2R R i ok AR P A
FHALHI L BG4, (EAE I A [) 3 1 38 2o 7 v iy
YEFIPILAR 22 5 18 JC HU A IF 9 o BRI 3 X a2 A
£ R GE 5 WA AE Z AR PR, o n] DU R4 % £,
WEEFEMEM . a2 sl a2 e Lae, e
= £ W38 R it FC B3 (Acipenser schrenckii) %)) £ 1) AR
S AR AU, S AR B (Gymnocypris
przewalskii) SR A G IE R 1k TR, g w5
FWE Y 0y FhPhE S hg k2R e Thie, W)e%
B Ak (Oreochromis niloticus)TE 1 g/L FBRBRER K
b R 3R, AT LAGE S g B AR, R AERONT g K
AP TR A BE TR i S 4 R A,
AL PR 20 (C-C motif chemokine ligand 20,
Ccl20) . FETAHCI 1295 S E 1 BE 2 (death
associated protein related apoptotic kinase 2,
Dapk2) . y-T ¥t & (interferon-gamma, y-IFN)5 552
AR G R AE B B 38 8% (Siniperca  chuatsi)J5 223578
(R &%), HAS R ER 30 X 5% 50 55 BILAE 1) 52 )
BRI L . 8% @ B £, 24 (Osteichthyes),
fyi ). H (Perciformes), fif F}(Serranidae), . £}
(Sinipercinae), &, B i #kE Tk FIR K4 =M
o TEFRGHOK I P HE T BRI, B8R S ik
R 2RI M UK A Tl AR o S IR = AT
WIFSE & L% TT LIFE 103 mol/L NaCl 5 42 mmol/L
NaySO4 7KK I A A7, HERTE pH 5~9 i
HAT i sz Y Rk, TR it 2
PER TR ED, WA RS, BB = AN [F] 25 X%
BEHEEMNZER.

AT 5 AR B B TR ER BK () RIS AL, LUk
#H(NaCl, Na,SO,)FIf R (NaHCO3) T il ffr-i0 24
Bels WO %84T 210 mmol/L Na 2tk E, J7E
Joh38 J5 e NROKWRE, e AeSire 3 FhER e T i
WBBIE . MIEETFNa . CUA K" )i B LA
41 ZUE F %32 [ (NKA . NKCC . SLC4A4 Fi
SLC26A6)ii 14 . G 3K (Cel20 . y-IFN Fl Dapk?2)
TR AR, KBRS W] e 0 7 F AR 22 5

SRy FEAS ] ER A X 07 58 77 5 0% M A= A e B AL
AL, o — MRS ERXT NaCl, Na,SO, Fil
NaHCO; i i sZ Bl RS %

1 HRET®

1.1 EIetisl

AW 5T T ORI T (5.8+1.3) g, ¥k A L
MV R SR S, B R TR K et b,
BFRWIA], AERPOEH 1k, BUHTE LT A
gy Anz 3, FR58 7K AR 48 h LA B 1Y H RK,
TKIRAR - TE (24.6+0.5) °C, pH N 7.5+0.1, VAflE
PRFFAE 5.0~6.0 mg/L. &K Ar RAR K 1R 72 A1
M, FF 58 438 N AR S5 T R e SE 5 . ST
24 h fF IR
1.2 XWHE

T3 % [ 1A T (1.76+0.31) )£k i 52 56 F2 1,
NaCl, Na,SO4 Fll NaHCO; il 96 h Ik fE
435124 LCs¢=210 mmol/L. LCs;=81.6 mmol/L I
LC50=5.89 mmol/L. A HL3 AR R % 05t 11 75 A
FH, AR L3R BOU ik B e i v . NaCl Al
NaHCO; HJ 8O0 A 228K, Ak Em
W R KR FME . ARBFR T, 76 FH B+ ik
(Na'=210 mmol/L)tH % BHEHL T, ¥ NaCl ¥WRJE
210 mmol/L (pH 7.4). Na,SO, ¥ 105 mmol/L
(pH7.5)F1 NaHCO; #¢ £ 210 mmol/L (pH 8.5)#k4T
FiR30 S AE 37 W K AR (45 L)y EAT . RS2 £ A
RIK ELAZ RS T EC A 3R 7 W B KA 9, AN
P 30 BB, BEFRERIEE 3 AN EE . SCIR I R AN
MRPERE, S0 R 25 K AR rh ) R R R e VR
FORUE AR T 2 AR TE 2 . NaCl 41F1 NapSO4
HAEMHASG 0. 12, 24 h ANR/KIKE 24 h, 72 h
FAESLIGREA, FSLH TP AE 210 mmol/L NaHCOs;
B 1 h WAFRFET:, HIt, NaHCO; a5
0. 0.5h FIVR/KIKE 2 h, 4 h (IR W} E] L5 i
] 3 A5 DA L) RARSEIRFEAS . HURERT, HA-F
TEZ A REHLE 3 R E i 5 Fn S8 21 2 T
W BE R BT B KL Rk,
ETEIT
1.2.1 BEEME R KR 7kl et
Y5411 0.5~1.0 mL L, 7€ 1.5 mL 2O NERE 12 he
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%30 &

Ay V25 I LY B 0 (3000 t/min, 4 °C, 5 min))5,
P& B B3 W (I E ), 2 % X (Logan, UT,
US ARSI 552 56 40 1fiL 15 8 8 e o 1L 25 F (Na™, K&
FCL ) Bt TP o B 2R W 20 ) 26 72 1 B -
WA &I E, i Synergy H1 bR (Bio-tek,
USA)K IAEA I S AE
1.2.2 SBALEBEERN M5 s, P
I R 2 Fe R AR 12 9 B He B A A
FREL K, B vKKIR2I3%(2000 r/min), LRI
£ Thermo =B VR ECHLHTELL 5 min (12000 t/min).
W VG, SR i P S AR W R ) TR G g
(ELISA)K 7] £ (Fish NKA . NKCC ., SLC4A4 .
SLC26A6 ELISA Kit), iliid Synergy H1 fffbr{¥iE
B 450 nm B AROGME, T A41400 NKA .,
NKCC., SLC4A4, SLC26A6 [ifififh,
123 WHEE EWIENKW Cel20, y-IFN Fi
Dapk2, ffi[f] p-actin YEHNSEEH , 51915 B I
% 1. X SYBR Green iif% 5% PCR X7 &, #%
MR 53547 PCR Al . 7 CFX96 Real time PCR
1A Z T PCR U . PCR 55109 50 “CH54% 2 min,
95 ‘CHF2k 10 min, SRJ57E 95 CHrLE 15s M 60 C
FF2E 1 min (19 40 MEIR, R 2 kA LA
FHX I8 &

1 BTWHIESLIE qRT-PCR 5|4

Tab.1 Primers for qRT-PCR validation
of experimental genes

S5 (53"

£ gene sequence of primers (5'-3")

Cel20 F: TGGCAATCAGCAAAGTGTGTC
R: CCCTGGAATGTGGAAGATAACA
F: CGAGGGCAGTGGTCTGTCTA

7-IEN R: CACCATCTTTGCCTCGGTTT

Dapk2 F: TTGGTGAAGAGTTGGGAAGTGG
R: TGCTCTGCCGTTTCTTGATGA

practin F: GTGCGTGACATCAAGGAGAAG

R: GGAAGGAAGGCTGGAAGAGG

1.3 ZEEYREY G

ZEA - Whn B e [ 15 % (integrated biomarker
response index, IBR) M 2 [E ¥ 7 FF & F 5% e 19
Beliaeff Z151F 2002 4E# Sy, JH T VERA 8 I i
WA, EEAYIREY, BiGIA4 NKA .
NKCC. SLC4A4 Fll SLC26A6 i1, HUA[FER

30T T R WAL, ) S ZH AN (] il 3 1
AT — Ak, A H W o BAR A i) 4 TBR
(B2 T8 5 S A b 35 1 i 58 R 2 IR Y
AR, I Hoa VRS 4R A 0T

IBR = ;%sin (%) S;Si (1)
A, 8 F Siey Fos 3 — AT ARSR A= Wb M,
n R EYIBR S ECE

1.4 #HESW

SCICBARAI T SPSS 26.0 Giit iAoy, B
R Rl 20t A7 B & A K, Duncan £ & L
R 45 B Fe bR 22 5, DL P<0.05 AZEF B3
{#i | Graphpad Prism 8 #F174: &,

2 EREHSW

2.1 ARHZHBEEEHRES

NaCl il Na,SO4 1361 24 h i B2 A S 56 8 51 3%
AL A T A, 7E NaHCO; B9 0.5 h P52
o R PR EL A, BRI, RR WK
R, SCHH BRI o FEIRAK IR B
B, 2 NaCl F1 NaySO4 Wi Ji5 5% 56 fr R 25 JC B ik
A4k, NaHCO; Wrid J5 52 50 fa b F stk 4
2.2 AR 3T S IE E R E0E

NaCl W38 J5 8% 5 20 R e iE 24 h N4
2L | FH(P<0.05), TEIR KWK W B 135 2 3
B R RS, RAKIKE 72 h I B35 5 R &
S AR = T EwI R B (B 1a). NapSO4 i
BIE, SN B EEME 12 h W2 TR
(P<0.05), Z J& M i B % 88 K LIt
(P<0.05), M 24 h WHFEE BT IRKIRE B EL,
ML B EEAERE 24 h R EZ B Wk iG K, 16
FREPkE 72 h WINTE B &R BB T 82 T (B
1b), NaHCO; MMl 5, 0.5 h NiB & A H B H
()T, (R IR KK S B BB i R T B ™
(A 1¢)(P<0.05),
2.3 AEERE X INEEFIRENEIE

1 NaCl 38 12 h B Na™ & &5 7t
(P<0.05), 5%e/hiA 24 h Na' 452 FIh, ek
FHRIKIKE 24 h, 72 h J5 Na & 2B,
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380 2 NaCl 320 -0 Na.SO. 320rC _ NaHCO
%‘JQ _ a %DQ _ g 2250 gf’v n=3;5ciSDa 3
g5360_n=3;xiSD g §3lo_n=3;xiSD b g 2300_
w2 b wn 2 . b w2
g :% 340 g 530 g .5280r
2 © c 5 © 290 - 2 S
B8 a0l Eé %5260— b b
!“B{ g q % 2 280 % &
£ 2300} B il *@5240'
5 s £5
"E 280 L L L L L E 260 . L L . . 220 L L L L
0 12 24 24 72 0 12 24 24 72 0 0.5 2.0 4.0
‘ FW) (FW) (FW) (FW) _(FW)  (FW)
i} iE]/h time ffE]/h time Af[E]/h time
Bl 1 A[EE: e ) 65 i iE 5 i s AR Ak
FW LRI B B A R 7 B 7R 28 A SE 1145 1 L (P<0.05).
Fig. 1 Changes in serum osmolarity of Siniperca chuatsi upder different salt stresses

FW represents freshwater recover. Different letters indicates statistically significant differences (£<0.05).

B FRRa v G o B MyE CU & a e b B B
i BT, RAKWKE By BB BT R i P 6
BrB; i K a b B Bt R B ARk, i
TERSE B Bt B T 3 (&] 2a). Na,SO4 A 5,
I Na'7E 12 h B 3% 1 7H(P<0.05), FfiJ5 12~24 h
Z I B E, fFEIRE BB 24 h N E TR
(P<0.05), IZARE =B PGB, M Cl &
TR A AR ok AR O B WA AR I
KW EE7E A 12 h B AR AR {k, 12~24 W5 LT
B, TERAKIRE By B TS KW BETERE 72 h WA
AR A BT EFEA B B (K 2b), NaHCO;
Wi )5, 0.5 h NI Na™ & A7 EFFias, B
EBCRIT A, K 2 h A4 h 5 I K9 2
R (P<0.05), HZAKT B 916K i
CUMkEEAEMN A 0.5 hIF TR E Ak, MHadsiR)s,
TEMRE Bt CUHeE 2~4 h Wi ETF, & T
HERIRH B M KR, 7EMNE 0.5 h i ETEAR
B, WRAKIRE B K& o B A fk, kB 45

HE IME Ko 2w = T i 01 46 K7 (B 2¢).

24 AEEBEXNBFHIEHXEEENZMN
2.4.1 NKA EgiFEM  AREL A X 612021 NKA
BSOS 0 DLIRL 3, NaCl i 24 hoid F rp e
21 NKA BEiGPERREE 3 1 FH(P<0.05), Mt Atk
KWKEJG NKA G PEZRH T, S 2 hhn
FEARB B NaySO, Ml 12 h B, #EL{41 NKA i
TG PE R 2 FIH(P<0.05), JHHE 12~24 h EFHE218,
RIKIK e B84 2 G K 2 28 e W R B B
NaHCO; }38 0.5 h Bf NKA WM 2% It
(P<0.05), i ATRIK WK S 32k 78 vl il 3 1 - 2 PR ALK,
I ZAR T e iR KT

2.4.2 NKCC BgiEM A [F 3 0 x5 65 2] 20
NKCC i P i 52 i UL Il 4, NaCl ilrif 12 h B 68
ZHZ1 NKCC P M fe I (P<0.05), B i ek (i)
MIURSE, Hia 24 h AP EEZ 4T NKCC s 4 2 8
TH B (P<0.05); IRAKVKE Hr B 4141 NKCC
JiE PTG B 754k . Na,SO4 e 12 h P4l 41

~ _ NaCl _ . Na,S0, - NaHCO,
5 .§ a n=3,xiSDa 2 .§ 140 a a % é 1400 n=3;% + SD a
g 1% 2 o EEIX b b EEIN b
< §100 ?/‘/\dl/; E WL ¢/ n=3;x=sD £ §1%0 f/-\%
R % B E 60 B2 e[ o e Eee

60 F BT s 8 | SO R . 19) [ RO 3"""a ]
'ﬁ% g dop & b bc be H‘% = §§ a8 TRTR ﬁf = g§ b p b
" e SF ‘= F ................. ] /G ﬁ ................... r
1 B LI S -3 | e B | S, s e
£2 0 12 24 24 12 g8 0 12 24 24 72 23 0 05 20 40

(FW)(FW) (FW) (FW) (FW) (FW)
Hsf /] /h time B} [E]/h time i ji)/h time

- AHETCI) = HETEK) ~ B TN)

& 2

ENGIENBENEE AIIRCI Rt 4

FW RIRIRAKWREZ B B R [A) 5 B3R A ]I 18] 22 53 1. 25 (P<0.05).
Fig. 2 Changes of serum ion concentrations of under different salt stresses
FW represents freshwater recovery. Different letters indicates significant differences among different time (P<0.05).



946 Hh ] K R %30 %
100 NaCl & 80 - Na,SO, NaHCO;
~ . 8 -3 X r a —
S % 5 S 60 Ez40r
SN = o =
5 g 60 #H S o30f
¥z g‘ 40 2 540 E E be
=35 25 E 320
5SS 20 < % 20 < 10
z Z S5
“ o 0 “Z
0 12 24 24 72 0 12 24 24 72 0 0.5 2.0 4.0
(FW) (FW) (FW) (FW) (FW) (FW)
i} E]/h time A E]/h time &)/ time
B3 OR[E R Ml 5 85 AE 4140 Na'™/K"-ATP B (NKA)E P51k
FW RIRIRAKIRIZ T B AR 13008 22 52 e it 22 5 L (P<0.05).
Fig. 3 Changes of Na"/K'-ATPase (NKA) activity in Siniperca chuatsi gill upder different salt stresses
FW represents freshwater recovery. Different letters indicates statistically significant differences (P<0.05).
NaCl NaZSO4 — 800 - a NaHC03
32 1000 - ggwoo— a 3E a a n=3;x+SD
2 =3; X : -3 5 ‘g
Eﬁ 800 I n 3,x:it:)SD b . E)§ 800 n=3;x+SD g S 600
~ -~ o
&g 600 &2 el
% g # % 600 ¥ %400
Z 5 400 28 40 g6
Q9 % O 8 8 200
g &) 200 OO 200 M M
~Z4 0 2% ild
0 0
0 12 24 24 72 0 12 24 24 72 0 0.5 2.0 4.0
. (FW) (FW) (FW) (FW) (F (FW)
fif[A)/h time Fitl/h time A1) /h time

Bl 4 ARl E b0 5 %684 20 Na' /K /2C1 B A 5412 28 11 (NKCC) B 1281k
FW FRIRAKIRIZ B B, AR 55 378 22 5 A7 e 27 18 L (P<0.05).
Fig. 4 Changes of Na"/K'/2Cl” cotransporter (NKCC) enzyme activity in Siniperca chuatsi gill under different salt stresses
FW represents freshwater recovery. Different letters indicates statistically significant differences (P<0.05).

NKCC i M 3 T i (P<0.05), Fifi % ihia 4k 2
BHZHZY NKCC B MRS R/KK A B Bl 2 21
NKCC [iftA LI, IRE 4505 g4t
NKCC [l i PR T e B ih 7k o iR e e ia
0.5 h BB ZH 21 NKCC B A T RS, A
RIK 5 BEA 4N NKCC il 1 147 2 2 T B (P<0.05).
2.4.3 SLC4A4 EEiEME  AS[E £R b 30 X 6F 2 21
SLC4A4 [ if 5200 ULIE 5. NaCl i 24 h fif
212 SLCAAS FFTEPE T REA ., fEIRKIKE 24 h
B 82 2l PR AT TR B, IRAKK S 45 o
ZH40 SLCAA4 [l 1 5 W3 e 1h By B2 G I 35 A8
1t NaySO, Brift 12 h NHEEZHEY SLC4A4 BTG TEA
BT, BEE O A dkSE, hid 24 h BRI
SLC4A4 FIG R HAFe e, IRAKMKIE 24 h WHEZH
41 SLC4A4 i35 E T+, W& 45 o 5 i 41 41
SLC4A4 [l M B 2 W8 4h B BE . NaHCOs
il 0.5 h WFERZHZY SLC4A4 M i%ME R 2 FRE
(P<0.05), #E ARIKMKIZ 2 h J5 402 SLCAA4S iff

TR 2 W aa i 4R B Bt
2.4.4 SLC26A6 EiEME A LR I8 X) ] 20
SLC26A6 R iGPErY 520 WLl 6, NaCl e 5, 6
21 SLC26A6 Rl i T [%(P<0.05), ZeidiR /KK
K J5 SLC26A6 fif i Pt 1k T T R s, B REE
1% T 136 8 1 7K - (P<0.05) . Na SO, Mhid 5, il
ZHZ SLC26A6 Bl PE 12 h i3 FF#&(P<0.05), 1E
KRB B ZH 240 SLC26A6 i 1 I i 35718
b, VK52 45 F)E B T AT b 38 00 4R B Bt o
NaHCO; 4361 0.5 hJ5, BEZ{41 SLC26A6 BEG T
K, BEAIRKWKE BT IR EHE PR 2T R (P<0.05),
2.5 AEHRMENEEEERRIENIIG

AN IR R 0 5 SR 2 e e BE R SRk DL R 7,
Ccl20 78 NaCl Fll Na SO, kil 24 h J5 FRik it i
T} 85 (P<0.05), TMi7E NaHCO; st #irh Cel20 %
ik B . Dapk2 323k 7F NaCl Fil NaHCOs 38
J5i 8.2 T B (P<0.05), NaySO, WA G Dapk2 Fik
HRE R, (B AR op-IFN ik = 7% NaCl
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#
&

NaCl N32SO4
n=3;x +SD a
a a

I
(=]
N
(=3
1
N
(=]

n=3;x+SD
ab b 4?2

w
(=)
T
®

a

W
(=]
T
o
(=

—_

(=

—

(=]
T

2
SLC4AARHEME/(U/mL)

SLC4A4 enzyme activity
S
T
o

SLCAAARHE 1:/(U/mL)
SLC4A4 enzyme activity
$
SLC4A4ERE 14/(U/mL)
SLC4A4 enzyme activity
)
(=]

(=)
(=]
(=]

0 12 24 24 T2 0 12 24 24 T2 0 05 20 40
(FW) (FW) (FW) (FW) EW) (W)

B} [E]/h time B [E]/h time Ef[E]/h time
Pl 5 ASTA] R 38 JS SR BE 4140 SLCAAS i PEAR 1k
FW FORIRAKIKEZ B B AR 78 808 22 57 A Gi 24 18 X(P<0.05).
Fig. 5 Changes of SLC4A4 enzyme activity in Siniperca chuatsi gill under different salt stresses
FW represents freshwater recovery. Different letters indicate statistically significant differences (P<0.05).

Jger NaCl g1 Na;S0, ~ o6 NaHCO,
: a - ; 3 -
é § n=3;x £ SD 5 ‘é n=3;x +SD E :E ab =3;x+SD
& 240 =R g3 ab
=g EE 2 %40 b
N !
o
% 220 % - 20 25 20
S8 £ 3 S
NN N o
QO 890 S S
s s a0 QQ
“nnwv »n 0 2= 0
0 12 24 24 72 . 0 12 2 24 72 n A 0.5 2.0 4.0
‘ (FW) (FW) FW) (FW) (FW) (FW)
fis} []/h time Fif 6] /h time Fis}[)/h time

Bl 6 ANFEFE ] 984 21 SLC26A6 it i 445 {k
FW R IR Z R B, AR RER IR 28 5 A G125 28 3L (P<0.05).
Fig. 6 Changes of SLC26A6 enzyme activity in Siniperca chuatsi gill under different salt stresses
FW represents freshwater recovery. Different letters indicate statistically significant differences (P<0.05).

Jifhif 24 h )5 B3 F F(P<0.05), NaySO,4 Hl NaHCOs T, BARELERIR/KE; £ NaHCO; Jfiia M
S ENEE SN Tl N 7 e WKWK R, BB EMA T G sl R,
2.6 HEHERE YR BRA B EFRT IR, 4593800, 7F 210 mmol/L

8 SR TR BT VR 22 A A bR B R FE %0 Na B8, NaHCOs 3 4 855 37 i 1) 5% i 5
A3 M4 5 ULl 8 ,NaCl. Na,SO, Fl NaHCO; ) IBR ~ NaCl fil Na,SOy4. 141, NaCl 1 Na,SO, it 21
435900 3.03, 10.39 F1 0.95, Hr Na,SO, 0 4 LW IFRA B A48, 0 NaHCO; Hrif
i (1 25545 T 7 B, NaHCOs % 4 R 2 Aem 4L rp SE g o i BRI B0 04 07 380 g, W Jig 6L 88 -
N /N o PEBE A BT o, RE WK R, Ul
3 Wip NaHCO; ¥} 1 75 %= /£ % T NaCl I Na,SOy.
Hora] e 1Y JFL R &, NaCl il Na,SO4 & HpESh, 7k
HPRoK LA RBIHE D, A K pH7E 7.5 247, NaHCO; J& M PEER, /K14 pH 4
MK B G:, M3E N IAEE A, fAREE RS Tk =5(8.5), Hahn T HX KA YR, W0 pH THE
o TRE, Hilm s R a5 AR S iR R0 2 A (NH) A BEA St ik
2T AR, AFEEEMSASESRING  NH BB ASN, vEahEY, sh, HCos
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Fig. 7 Expression of Ccl20, Dapk2, and y-IFN genes in Siniperca chuatsi gill under different saline stresses
FW represents freshwater recovery. Different letters indicate statistically significant differences (£<0.05).
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Effects of different salt stress on osmolality, ion transport system, and
immune-related genes in mandarin fish (Siniperca chuatsi)
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Abstract: China has abundant saline-alkaline water resources, mainly including the North China coastal composite
type, Northwest sulfate type, and Northeast carbonate type, which differ in their ion composition, being mainly
composed of CI', SO;, and HCO5. The toxic effects of saline-alkaline water on aquatic organisms are mainly
caused by factors such as high ionic concentration, osmotic effect, and high pH. Simulating the saline-alkaline
habitat in the laboratory has practical and guiding significance for the rational development of corresponding
taming and screening schemes based on the toxic effects of different saline-alkaline water types. To investigate the
toxic effects of different salts on mandarin fish (Siniperca chuatsi), acute stress tests were conducted with NaCl,
Na,S0,, and NaHCOj at equal cation concentrations (Na'=210 mmol/L). Blood and gill tissues were collected at 0,
12, and 24 hours after the NaCl and Na,SO, stress tests, and at 24 and 72 hours after freshwater recovery. Blood
and gill tissues were also collected at 0.5 hours after the NaHCOj stress test and at 2 and 4 hours after freshwater
recovery. The serum osmotic pressure, electrolyte concentrations, and enzyme activities of Na'/K'-ATPase (NKA),
Na/K'/2C1" cotransporter (NKCC), Na'/HCOj5 cotransporter (SLC4A4), and C1 /HCO53 ion exchanger (SLC26A6)
were analyzed. The expression levels of immune-related genes (Ccl20, y-IFN, Dapk2) were also examined. The
results showed that under 210 mmol/L Na" stress, the Na' concentration in the serum of the mandarin fish
fluctuated significantly in all the three salt stress groups, while the changes in CI” and K' concentration were weak.
The NKA enzyme activity in gill tissues was upregulated, and the NKCC and SLC26A6 enzyme activities were
inhibited. Further, y-IFN and Dapk2 were downregulated. Unlike the fish in the NaCl and Na,SO, stress test
groups, the mandarin fish had a stronger stress response in the NaHCOj stress test group, and the serum osmotic
pressure could not be restored after transferring to freshwater. The SLC4A4 enzyme activity was inhibited, and the
expression levels of Cc/20 were downregulated. Therefore, the NaHCOj; stress had a stronger toxic effect on
mandarin fish than either NaCl or Na,SO, stress. NaHCO; stress inhibited immune function and significantly
inhibited the activity of most ion transporters, leading to the failure of serum osmotic regulation after being
transferred to fresh water, while the osmotic regulation was functional under NaCl and Na,SO, stress. The
research results have practical significance for the rational development of taming and screening schemes of
mandarin fish for different saline-alkaline water types.
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