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Atp2b2 (plasma membrane calcium ATPase 2)!'?
TRPMB6 (transient receptor potential subfamily 6)Fl
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SEHG AT 2022 4F 6 H BUH VT AVE # i 4
AL, PR AR R (100£20) g B KT SUAR T
i gyt SCER A FAEER 2m, & 1.2 m AR
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12 D, KIEEEE T 6 mg/L, &4 A TH &
PR AR A AR TR 1%), 0 1 h 5 St
BRea el FRAKIRFR S g A, R ER
R fafg ek, #h R ERL, B I MR R

1.2 HEBENEKEAHE

TR E M LIS TE 90 cmx45 cmx45 cm F 3 ES
KA AT, SRR B AR R RS 24 h 51
H R KR BRI K S EL I . SCI & 3 AT
H, HATATA 48 Bfa, 4 8 ABF SR, 3t
i 144 B,

SCIRFFURAT 1 d IR, SCE PR R UK
Jy iy BT 5 T A % B2 A IR K A B S /KAl v 24 b
B J o5 15 S AR T i RS R ER R 15 N TR
B HE 24 hy BEEFERIEREE N 34 AN TR T L
FENETFIR K BEFS K Kt b 24 s B 6] BRZAARE A R ER
JEIEN 1. 2, 3.5, 7. 10, 14 d J5 0S54l rE
A, R84, HAIBEVLI 3 B MindL, K
HEFEE TJC RNA By 1.5 mL 208, A
W E TR, —80 CH-IE#HI
1.3 2 RNA REUE LR EE PCR (qPCR)

B 30~50 mg 2143 A 1 mL TRIzol (Thermo-
fisher, SE[E), i AL LUF AR IR B R U E TS
HH I 0RE . R4 TRIzol 156 HH 45 B A 2l 21 4R
B RNA; i F I R A0 40 6 8 BE T (Mettler
Toledo, Hi1)Kill RNA ¥EE, FH 1.5%BiAs
EECKTIN RNA $EHUT . cDNA A& BUCR FH 15 E#E
HiScript® III RT SuperMix for qPCR (‘gDNA wiper)
B, AR VLD R, AL TC RNA AR %
Ml b3 RNA, %% 5845 L cDNA 55—k, 1N
FEH Rk qPCR Kl A, —20 CLRAE# H .

PL B-actin /ESR NS HE, (920 986
PCR {(Roche, Fj-1-)%F i S0 4R Jr i ()95 155 1 9 5
FHILE DiEFT qPCR KM, FFAIT: 95 C 30s
ASPE; 95 °C 10's, 60 C 30 s, 40 MEHK; &
Ja A 1 AR ZEPEER, 95 °C 155, 60 C 60 s,
1.4 qPCR 3|¥i&it

TE GenBank H1 A % 5 80 7R U7 il (1438 385 R 1 79
FHRFEH P F, 4] Primer Premier 5 4% 11 4F
St G Y A T AR TR B A BRA F
AL SIS RERH ID FIEER 1 H,

1.5 HESIT

ARSI DAR A BRZH 1) 3 R ik s AR 56 1,
PEAT ARG 2R3k B T 5, FER AR X Rk B R A
2 MGy I8 G LD P (B AR fE 22 (FSD) R,
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*1 BFEERHEEZEREXER qRT-PCR 5|#1%1%

Tab.1 qRT-PCR primers for ion channel and transporter related genes

J¥%'5 serial number 5|49 primer

J¥31(5'-3") sequence (5'-3")

Jr BE K % /bp fragment length

LOCGQ325617 AQPI-F CAAGAACAACAGCAACCCCG 82
AQPI-R TAAGCTCTGGGCCAAAGTGG

LOC101063737 AQPI10-F GCCACGACTCTTCACCTACC 135
AQPI0-R TCAATCGCCAGCTCGTAGAC

LOCAB200332 Atp2b2-F CATATGGTCGCAACAAGCCG 141
Atp2b2-R GAGCGTTACGTCCACTGTCA

LOC101062493 NHE]I-F ACAGCAGACACGACCTGATG 115
NHEI-R GCAGGGACGGTGAGATAGTG

LOC101065883 SLC541-F CTGCCCATGTTCCTCATGGT 107
SLC541-R GCGGTCCCACAAAACCTTTC

LOC101067702 SLC542-F CCTGGCCGTGTTCGTAAAGA 146
SLC542-R CCAGGAAAGGGCAGTTGGAA

LOC101073219 SLC1341-F CCATCCAGGTGAACCCACTC 144
SLCI1341-R TACCCGCTTTCACCATGTCC

LOC101066311 SLC26A41-F GTCAAAGGGACGCTCAAGGA 172
SLC2641-R CGTTAGCATGAAGAACGGCG

LOCAB700626 SLC4141-F CTCGACAAGACCGTCACCAA 101
SLC4141-R CGACTGGCTTGAACTGCAAC

LOC101071857 TRPM6-F AACGAGCAGATGGCCATGAA 115
TRPM6-R TGCAGGAGTGTGAGACGAAC

LOC101077272 TRPM7-F GGAAACGCTTCCGCATCATC 145
TRPM7-R TGGTTGTGCCTCGTCTTCTC

LOC101079312 f-actin-F GTATTGTGACCAACTGGGATG 80
f-actin-R GCAAGACTGGGTGTTCCTCA

{81 SPSS 20 B AFiEAT B 2K 7 22 43 B (one-way
ANOVA), Z 5 LB 30 A [F) B ) 5 1 YA {8 25 5,
M P<0.0001, PA*F**FRyE; 24 0.0001<P<0.001,
PL*** bR 24 0.001<P<0.01, LL**FRr7d; 4
0.01<P<0.05, LA*FriE; %4 P>0.05, A5k
P<0.05IA NS HAREN, 4 P>0.05IA LR
ANEA W EE

K1 d R E TR, 21 %E@%L%L@WW
By 13.33 45, 55 2. 3. 5 REYMHXTERXED A
11.03, 22.25, 9.58, 5% (P<0.05), fEfH B =
WEKIEE 7 RGN EIRBNGE(E, BE 5 TR
MR FRIAE, AXTIRAL) 45.46 f5(P<0.05). 10 d
Ja TR E TR, B0 55 TIRKAEE T W
FRHE(P<0.05), 55 10, 14 KHFHIXEF K5
7 13.63. 14.06 (P<0.05)( 1a), MifEME T, &

prg=N =
2 HRENWN REEE SR FE ) NHET $ePH 24k AR AL IS S bk 2 B
21 Na'/H'®EBEZEEE VHE MEHETHEN IS A0S0 1b), SLUIMIETS NHET 3
RIZFFE IR KRB BN He e 1 W, BB RK)E,

PITRIK ST HRZH Y NHET 3R 2k A b S e
1, XFHE SR 7 i B U FD i i 2 21 NHET 3£ (1)
TR BoR, BHEh NHEIL (0353881658 1V
KB AR R B I R, TR R

NHEI 1655 1 RFEXEH 0.28, 55 3 K BULR L
W, FhE FHE 0.86, 555, 7. 10 KEJEILE
39 0.40, 0.20, 0.16, =55 14 KM,
EATS AR TR K BRI T 194635 5 (P<0.05),
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4 P<0.0001,

Fig. 1

DLt 24 0.0001<P<0.001,
DLRBEE; % P>0.05, AFRE. P<0.0S R HHEISE: i P>0.05,

Expression characteristics of NHE! during salinity acclimation in the kidney (a) and intestine (b) of Takifugu obscurus

PL***FR1E; 24 0.001<P<0.01,

PR 24 0.01<P<0.05,
NN ERTE T

Significant differences are indicated by **** (P<0.0001), *** (P<0.001), ** (P<0.01) and * (P<0.05). P<0.05 was
considered as significant difference; P>0.05 indicates nonsignificant difference from the control group.
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AP B HPChOR BRZEKF- 1Y 1.28 4%), &0 BIHT 7 d
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n=3; x+SD R Hkkok
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6 - Hkkk I
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a. 'BWE SLC5A41;b. HiB SLCS5AI; c.

24 P<0.0001, DL##*spRryE; 24 0.0001<P<0.001,

PleespiiE; 24 0.001<P<0.01,
4 P>0.05, ABRIE. P<0.05 JRFEMEXRS; 4 P>0.05, REAREMEESR.
Fig. 2 Expression characteristics of Na' and glucose cotransporter during salinity acclimation in Takifugu obscurus
a. SLC5A41 kidney; b. SLC5A1 intestine; c. SLC5A42 kidney; d. SLC542 intestine.
Significant differences are indicated by **** (P<0.0001), *** (P<0.001), ** (P<0.01) and * (P<0.05). P<0.05 was
considered as a significant difference; P>0.05 indicates nonsignificant difference from the control group.

B HE SLCS5A42; d. i SLC5A42.

PI**FREE; 24 0.01<P<0.05, LA*prit;
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IR PU/NGE LR, 551, 20 5. 7 REKREDSHIHN
2.88, 231, 2.77. 2.82, 10d JgtaTHaE, fagdh
) SLCSA1 Fikim S5IRAKNT A T &£ R, 6
14 RIFFEKZE 0.88 (P>0.05), i, shEEas{k
&, SLC5AI 2MFFEmRIL, R RilKmH 1
KMGHETFES, A5 T 6.13, 45 2~3 KuSAH M zh, ¢
B3 IE) N RS2 0 TIRK A IRA, 55 1. 5. 7. 10
KFEEEDHHN 6.13. 630, 5.02. 6.63, 5 14
K, MR ZE 4.85, SCI0 3 [A] 2 ik B FL A 4k
FEEIRAKIAIE T 6 A5 40T, 250 1 [R) 45 i) ) 5
11 5 %) BR2H 2% S 2 2% (P<0.05)([#] 2b).

1M SLC5A2 Fika Bt 23 1Tt %
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5 1.3 (P<0.05),
2.3 Mg  tEXE B E Rk B I B R IE T
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R B IR K L 12111 £%, £ 7 d A&
TR, fd)aRis e & & T X 4 K7
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“ control ‘ “  control \ ) control
fisf[A]/d time i 6] /d time it jE]/d time
d o e — f —
> o [
L 10 f intestine 3 Bls. . .
1 § n=3; xSD e M‘E 6 sxsx 1 kidney ﬂﬂﬂﬂi; : %7 3mt_eséme
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M A]/d time It E)/d time At [A)/d time
B3 WEEUA Jfil Mg™ B s 2 1 5 DR o 13 5 A8 Ak (4 2k R AE

a. BNk SLC4141;b. Wiih SLC41A41; c. 'BNE TRPMG; d. Wil TRPMG; e. 'ENE TRPM7; £. i TRPM?.
2 P<0.0001, LA****FR7E; 24 0.0001<P<0.001, DI***4RH:; 24 0.001<P<0.01, LI**FRiE; 24 0.01<P<0.05, LI*HRi:;
3 P>0.05, AbRlE. P<0.05 Jy REVEZES 4 P>0.05, AAA BEIEZES
Fig. 3 Expression characteristics of Mg2"-transporters during salinity acclimation in Takifugu obscurus
a. Kidney SLC41A1; b. Intestine SLC41A41; c. Kidney TRPMG6; d. Intestine TRPM6; e. Kidney TRPM7; f. Intestine TRPM7.
Significant differences are indicated by **** (P<0.0001), *** (P<0.001), ** (P<0.01) and * (P<0.05). P<0.05 was
considered as a significant difference; P>0.05 indicates nonsignificant difference from the control group.
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(P<0.05), 5 14 KB, RKEEIKE 17.20; B
W, A, SLC4141 MRk EH T K
P Tkl 1L AN FEE 0.21, BEE SN, %
A IE] S MR FIROK KRR ZH, 28 7. 10, 14 K5
M, FRINEBETE AR 0.2, 031, 0.39, S5
B[] IR K IR R IR 835, 5 0] B4 A L 22
5 B 3 (P<0.05)(&l 3b).

Xt Mg™ B T3l TRPM6 3L i) 33573 Hr i
/N, TRPM6 B:H7E S NErb R TS, %
RUKAE 1A, RXETFHEO0.10,1d58BT
FasE, 2. 3.5, 7. 10, 14 REYEIRED 0K
0.15.0.19.0.06.0.1.0.02.0.05, 2516 TRPM6
[ 2% 3k 5 X B4 25 57 I 3 (P<0.05)(E 3c); Tfil
FEMAIE Y, TRPMG6 R ) 3 15 ) 2 BRAREE Tt
P, TRPMG6 FiRHAE 1 d WIRGETHE, 390 2%}
ML 5.72 £, 1~2 d NG B sh, SRIG4kse st
ThHta#, 55 5.7.10 REYFEE /5K 5.34.5.03.
331, & 14 d LFE(E, RiFEBFINRAR
7.31 %, FESZE R P9 4 Bt ] 50 e 48 B 3
FIRIK I BB 4 (P<0.05)(E 3d).

Kl 3e %BH, TRPM Z % I TRPM7 5 H [ K
FLH TRPM6 TE B Wk 1 3238 35 s o 7 2560 J
WIN, TRPM7 WA 1EEE AL 5 285 17t
Ja TR, A 1 d N RN N E]

2.14, £ 2 d BN B A RAE, X A4y 4.82
a ZA4T ¥ kidney
o E Al n=3; xtSD  sx
& £ T
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XHH 1 2 3 5 7 10 14
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9 2.38., 2.49, 2.44, MRERAERAE 2 A AR
i, T 10 d BHRE R AR L AT KF, 5 10,
14 RFXREDHEILE 1.06. 1.27, 5XFIRHTC
B E V22 5(P>0.05); TEMmiE, i 3f s, £
BEARE G, TRPM7 (31K B3 TR, 161 d NFEK
£ 039, Wi TRE, % 2. 3.5, 7. 10, 14
K FRESH M 025, 0.28, 0.36. 0.34. 0.33,
0.36, B E KT X IR (P<0.05),
2.4 55%EIE ATP EEE R Ap2b2 MR 2 E T A
RIBGFHE

SR O A R R, A T R
W Ap2b2 FENRIEWFE IR/, Gl 4a R,
B WK 1~2 d i, Atp2b2 FLIR Fak FEAR R Z 5,
DI HRZH R 1 B, 55 1. 2 REyRIR a5k
XTHRZHAY 0.71. 1.20 1%, RIKBELEB KA T B
503 R LM, RB] T X R 2.34 £,
TETE B F 1 22 5(P<0.05), & 5 d BFEEAMKE 2 %F
MK, 26 5. 7. 10, 14 KEYFEE 559 R x0T
WEZH 1.29. 1.90, 0.52, 0.51 1%, b/, K
4b £, WKL R B IE H Atp2b2 (B %
RFEMAHL /N, Atp2b2 A2 AR BEAR ALY 1~3 d NIA
PR ARk, Rakmsro 2.59. 1.38., 2.88, %
5 RERKIAEE FHAINZE 4.85 £, f746 B &%
F(P<0.05), BHJGHEAKE 20 RAKF, 6 7.

w

| 1% intestine *
| n=3; x£SD T

~

Ap2b2 ¥R E
Atp2b? relative expression level
[3*] w
_|
_|

—_
T
|

0

XHEH 1 2 3 5 7 10 14
control
B+ {a]/d time

Bl 4 WESCAR Tl Ca’ 8 - 32 B 1 3 PR i g R A 1 R KRR AE
a. "B Ap2b2;b. B Ap2b2.
3 P<0.0001, PL**s*frii; 24 0.0001<P<0.001, Li***frif; 24 0.001<P<0.01, LA**Fridi; 24 0.01<P<0.05,
PI*bRiE; 24 P>0.05, RHRTE. P<0.05 4R EVEXES; 2 P>0.05, REA B EMEER.
Fig. 4 Expression characteristics of Ca**-transporter during salinity acclimation in Takifugu obscurus
a. Kidney Atp2b2; b. Intestine Atp2b2.
Significant differences are indicated by **** P<0.0001, *** P<0.001, ** P<0.01, * P<0.05. P<0.05 was considered as a
significant difference; P>0.05 indicates nonsignificant difference from the control group.
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Fig. 6 Expression characteristics of aquaporins during salinity acclimation in Takifugu obscurus

a. Kidney AQPI; b. Intestine AQPI; c. Kidney AQP10; d. Intestine AQP10. Significant differences are indicated by **** P<0.0001,

*** P<0.001, ** P<0.01, * P<0.05. P<0.05 was considered as a significant difference; P>0.05 indicates
nonsignificant difference from the control group.
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Expression characteristics of genes related to osmotic pressure regulation
in Takifugu obscurus during salinity acclimation

LIU Xin"?, LIANG Xiaying"*, WANG Chaoyu"?, GAO Yang"? YAO Yunlong"?, ZHAO Zhe"*, SHI Yan"*

1. Jiangsu Province Engineering Research Center for Marine Bio-resources Sustainable Utilization, Hohai University,
Nanjing 210024, China;
2. Department of Marine Biology, College of Oceanography, Hohai University, Nanjing 210024, China

Abstract: Numerous studies have shown that water salinity impacts fish development and growth. Takifugu
obscurus, an anadromous fish of the Yangtze River, regulates osmotic pressure well and is an excellent model
organism for studying euryhaline teleosts. The osmotic pressure-regulating organs and tissues of 7. obscurus
produce a series of physiological responses in reaction to the changes in water salinity during its migratory process.
In China, T. obscurus is distributed in the East China Sea, Yellow Sea, Bohai Sea, and inland rivers. Every spring,
it spawns along the Yangtze River, and the newly hatched juveniles are fattened in fresh water before returning to
the sea at the end of the year or the next spring. In recent years, due to environmental pollution and overfishing,
the wild population of 7. obscurus has become endangered. The success of artificial propagation has given a
significant impetus to the revival of the T. obscurus population. However, there is no systematic research on basic
biological issues such as the mechanism of osmotic pressure regulation during its migration. A series of glass tanks
with water at different salinities were used to study the changes in osmotic pressure genes in 7. obscurus after
salinity changes. Feeding was stopped one day before the start of this experiment, and the fish were transferred to
a glass tank containing fresh water for 24 h. They were then transferred to 15 salinity artificial seawater and 24 h
later they were transferred into water at 34 salinity. Samples were taken from the control group kept in
freshwaterand and the 7 experimental groups after 1, 2, 3, 5, 7, 10, and 14 days of salinity stress respectively.
Three fish from each group were randomly selected, and kidney and intestinal tissue samples were taken. The
osmolality-related gene expression changes in experimental samples were detected using fluorescence quantitative
PCR. H" and CI transport protein (VHEI), Na* and glucose transport protein (SLC541, SLC542), Mg”" transport
protein (SLC41A1, TRPM6, TRPM?7), Ca®' transporter protein (4tp2b2), SO3 transporter protein (SLCI3AI,
SLC26A1), and water channel protein (AQP1, AQP10) were among the osmolarity-related genes. The results show
that the expression of five genes, NHEI, SLC542, SLC41A1, SLC26A41, and AQPI, changed significantly during
the 14 days of salinity adaptation in 7 obscurus. The expression of SLC5A41 and Atp2b2 increased to some extent
in both kidney and intestine, but the fold increase was insignificant, while the expression of TRPM7 increased in
kidney and decreased in intestine, but the fold change was insignificant. The expression of TRPM6, SLC13A1, and
AQP10 in the kidney was significantly higher in freshwater than in seawater, while the expression of the three
genes in the intestine was significantly higher in seawater than in freshwater. This suggests that during the salinity
acclimation of 7. obscurus, the five genes NHEI, SLC5A2, SLC41A41, SLC26A1, and AQPI each functioned as an
important Na" and CI transporter, Na" and glucose transporter, Mg2+ transporter, SO?{ transporter, and water
channel protein, respectively. The ion transport patterns in the kidney and intestine differed slightly. The results
showed that osmoregulatory genes are involved in the physiological process of salinity adaptation in 7. obscurus,
and this adaptation ability is due to the close cooperation between the kidney and the intestine. The molecular
mechanism of osmolarity regulation in 7. obscurus was investigated by simulating migratory salinity change
conditions, selecting various typical ion regulatory genes related to osmolarity regulation, and characterizing gene
expression in the kidney and intestine over a two-week period. The effect of temperature on salinity tolerance, as
well as the many relevant genes and pathways involved in osmotic pressure regulation in various tissues
discovered using transcriptome sequencing techniques will be studied in the future. The results of this study add to
our understanding of the mechanism of osmolarity regulation in 7. obscurus and provide a foundation for further
research into the molecular mechanism of adaptation to different salinity environments in euryhaline teleosts.
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