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ZFE, H&E, AFE, KIR, ¥
1. KPR BRI I BFIE T, Yok 2 p R SR B A TR0, ST AR 150070;
2. BHRMEHEACK I B, L 201306

BE: NIRITISE B E ALk B L R AR i (Leuciscus waleckii)“éeiﬂiﬁiﬁﬁmﬁrﬁﬂEPE"J{/EFH, AT E N 10 d
) 50 mmol/L NaHCO; fifi ik it R AW 2 A i 5 15 pa0n S 36y, %ok AN ] A B 19 1 975 285 I Pt o 3R 35 B L 20 400 G
R BRI T T R BAT, X IR R o F KT T b S e S5 R B S FIAL LA 22 S5 2R W i 2 2
TERTE 3 N, EREBEAY S BGEN, WEES NS5 A RN T N (hsd17b7 . ebp. dhcr24.,
dher7)3% 35 5 e 18 41 8 35 R (P<0.05), FEIR KK 20 4 35 PR AR (P<0.01); FERIG AN T IR A4 9 & i i, 25-
P [ BT 70,25~ 50 L ME [ 2 B FURRIE R (ch25h . cypTal) 33k BEAERI A 2H A W8 THE, 7RIk &2 4
e ik REAIR (P<0.01); 7828 [ B 3 A W0 45 G 6, R0 A . 1 7o 0 20 ) . 6 42T ) 8 R e 1 il 201
W 323 AR (P<0.001), TEIR/KIKE 20 3 F+ i (P<0.05), HoAp, AHREIEEX 3 AL Za R r=g, 55, Al
JIH [ 1 SC S L R ebp FHEAL LM A 09 SE 4 BE ) sule2b] (S 30T IX 32 P Sk 181, B TEmi 38 20 2 A6 T 3t
TR, FEIRAIRIE 4152 5 W S Ab K o LR B gT 3B, I Tt 2 28 1 P 8 38 4 % 3 i 1) S S =), il ad R HL
BRI DG B BE D) g 2h 1 B AR KO, i i - A OGBS I A R IR IR BE T 22 R 3Rk, MBS R & &,

251K BLIHI PUICHE S f e AN [R PR 18 18 T I

KR FLICHER fi, KBRS, BB, B, Shok

HESHES: S917 X ERARERD: A

TR HE R i (Leuciscus waleckii) 3 J& T #1E
H (Cypriniformes) . f##}(Cyprinidae) . % i ¥
Bh(Leuciscinae) . FES )& (Leuciscus), F L5040 F
BT . 52l R e ] A ] TR KR R P
A A KT e P SRk B A B P B A
HAT Y B TR FR R, RETEWRUE 53.57 mmol/L
pH 9.6, LN 6 M IR L T A A 3B UL #
FPRECH B2 FC FCHE 2 £ b s it £6 e v, FR
S NAEBAE AT SO g ey B
IR ST T R T RGNS, BN, K HL
FLIRHES fhad 3 B AR FE e R PR, B4F 4 ARR
5 H A0 DA B335 5 R s 3k A ] 2 e R
A 0 3R AN SO T I 7K A4 A i 2 BB i 7 2,

K B H: 2024-02-06; f&I1THHA: 2024-03-15.

XE4S: 1005-8737—(2024)08—0867—16

25 Iy FER A A M IR & B T Be A 1 EE T
Be R, AT U EC e S TR R R R v R
32 375 1T 8 7 19 o AR BRPLE], 28 E
LR BB ot b A R AR

2 [ 1 % & (steroid hormone)&&—Z5 VL H
BENIRY), Zeid— R YV ROV A BRI R,
FE L Ry B o IS [ e O b R B b AR
I 28 [ GO A P R I 28 v 7 )T 2K
PR B el A0 . T g . A RS
KT ARSI AR, i A R
FeR R A e, Ko A, M7 A 5E
T B, 52 5RERME AR 25 Rk
Wz 5BERMT . ERAEMREIHESEY

EEWB: HEARPARETH(32273120); HEZK=REEDFIEBE T R 208 25 HERHIFBE I ARl 55 2% % 11(2023TD22).
EE B 2252(1998-), 2, Wi-AFsAz, BFoTT7 Ik fa 2ehiis oy 1 AE BALH] . E-mail: 1471506486@qq.com
BISMEE: BN, BISEO, WDy 0y 24 oy ML g AT 2 i3 B 0. E-mail: changyumei@hrfri.ac.cn
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St AR, Yin U I e S AR 4 40 K B,
J18%(Coilia nasus)E IR K 23R 7K 037 7= 51 1k
Firh, 25 R 2 8 B 2R AR W & B AH G 3
AR R, Wei ZE20m R4 . it
HANM A AL A W L3R, B (Carassius auratus)
MAIRIK G 7% 2 e ik PR ER AR T, L 2 [ e
W R AR 2 B T4 . Chen 251N i 7 2 25
SRR ST R B, 35 B B ICHE R A py 3k B
W00 22 PR K E P2 IR, RS BRI R A&
T PR AR B B ik, Wang 25Ul
S3 AT I8 BLI) FU ECHE 2 AN [R) e v B i v 25 AR
WY R, KEEMBZNEY A NERESES T
LI G DGR 25 0 30 7 O 2ok R v A8 A R Y R
PRfe At . FRAER R, KEEEERSS T
£ 28 A B o AR A A B AT AR M, (0 R
BLHIATE

i 25 2RI A i f0 2SR N B 1 B i FB A8 R R
T PR A 2 A A A AR AR G i
TR PUR BET Ik HL BL EC % ik 4 ) A B
TR PR MR LR B B R e ), ARHESE
T 5 P BEADL RO CHE R (el R 7K WL 1) 5455 S i
RS [ PR3 T B G AHE S o 1 3 25 BT B 2 % &
KMEBAL IR REZER, HiEMEESS
FUIRHER 035 35 5 8 15 10 22 S 235 ] il 25 R G
PR FE D, BRI AT BRI AR 1 D) RE IR AR HIL T,
DI Ay 00 S Tt R BRAIL ] S B %A 9k R T 6 Bk
B AP E R AL IS IR AR 2R TR =

1 #MREFE

1.1 X6
ik HLU BC DQHE 2 £ Sy v [ 7K™ B 2 A 5 B 2
T AT IK 7= i 58 Jr Y 24 S 56 3% (126.63°E, 45.97°N)
ANTEEM Fso BEVLPRZE R/ NIES) | SMIIEH |
PRI M (22.02+£2.92) g I FP 120 B, WE/M+
%1z 2 = NG T KR HE (258 ¢mx57.5 cmx
49.5 cm)BEFE 1, BRBMAHRM 1k, I Lt
TH BRI R R AR, ERH K 173,
1.2 ERNEEREHE S MEFEARE
SEYRTG, FrA LA EE 48 ho HIOEH 120
FE 3k BLIY B IOHER 0 55 5 (n=40) LA 3 DMEFFK

5AE(177.8 cmx57.5 cmx35.5 cm), FHeip—41 MiRK
2 (FW) A AT ] 7K S5 b B 55 A1 195 2 43 391 FF S
50 mmol/L fifk P& S 44 B, W 363 RN 7K PR 52 X0 [ 15 455
A S o TSR P S AT A 10 d Y
50 mmol/L fif R &0 #M il i 18 5256, 399 18] AN 6 0H,
IR ERHK 172 DARK SR Hrh—4
FE R B0 2 (FW-AW), FF7E 1. 5 10 d SRFE,
AAE T AW, AWS Fl AW10, 1R7KZH(FW) g%}
MR, S —ZHAERE 10 d J5¥ 528 th 4 57
EIRAKPWKE 10 d, VERIRKIKE 4 (AW-FW),
JEAE 1. 5 F 10 d RAE, 51Eh FWL, FWS il
FW10, AW10 S BR2H . 5% H 0.02 mmol/L #h 2
BB E, 4EFFE 50 mmol/L &£ 44,

TR 7K 2 B2 By 36 20 FNR ZK K 52 A A6 % 7 g s
BT, 5. 10 )BURCRFE 10 B, HAERH
MS-222 (Sigma-Aldrich, 3 [E)pREESL G, 5
KRS, 2 mL A REFCRINZ) 0.5 mL
BT 1.5 mL B0, 4 CirEad Un, 3500 r/min
B0 15 min, /0% LR MERE E-80 CukFiff
fE, FT RS2 B m R o 5] R A2 7 ] 11
RZH 2, 8 A AR AT Je D AR A R, B
JE R 280 CUKAIAAE, M TIRLemiLRDine
5%

1.3 MiEFREERHZENE

1.3.1 FEARBIAE  GHES SR H R R
SR, AR & e 5 MEARMn=S).
VRIS, WlE 10 s 2] . B 100 pnL fim A B0 g
S92 mL EE T, A 400 L HBERE BORK .
AHE 10 min, VK _EF#E 10 min, 4 ‘C . 12000 r/min
B0 S mine B 400 pL F3HETFXTN 1.5 mL &0
B, 20 CHRMUFFIRA =241 H 100 pL 4
52 %%, i€ 5 min, 4 °C .12000 r/min %> 3 min,
L 80 L FIEW T LC-MS/MS ML .
1.3.2 BERIERE A aika st EEE
SR 633 2 45 (ultra performance liquid chroma-
tography, UPLC; ExionLCTM AD, SCIEX, #:l#)
W4T AHSES K ] Phenomenex Kinetex C18 4,
WA (1.7 pm, 100 mmx2.1 mm, Waters, J<[E), i
SIAALEE A HH(CHEIK, 0.04%ZTR)F1 B AH(Z i/
SABE, 0.04%4R). FitE N 0.35 mL/min, FE&
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TRIFTE 40 °C, BRI BERE S R 5 ul, {1 H
Ik JiT % /¢ (tandem mass spectrometry, MS/MS;
OTRAP6500+, SCIEX, & [ )k il M € % A Pk it
R R AR o R IR B, B2 R T
i (electrospray ionization, EST)I& & &y 550 C, Ji
JEHLE N 5500 V, <A R (curtain gas, CUR)N
35 psio fE=H DU, A B T RRE DL ALY
4% 7 W JE (declustering potential, DP) Fl filf i fig
(collision energy, CE)#EATFIF K .

133 #HASENE FCHIA R AR E
W, R AN TR R M i 140 A A S Y
WA IR EERICHE o R ARSI 3] %) T A REAS R AR i T AR L
{IER AW i 2 E5 57 s = T e’ 2 AW/
HRARX, BEBIIFREAPIZY B & &

FEAS b &8 J5 1Y £ /(ng/mL)=0.001xcx V%
(1000m+V2)/(m* V).

X, ¢ FEAS TP B3 W T AR A o it 2 75 31 1Y
W BEAH, ng/mL; m B IFEARER, mL; Vi AE
VR PT FAW AR AR, ul; v, SHERIGR A SRR,
uL; Vs o BUARR, pl.

1.4 HRZAZ RNA REUR SLR 2 2 E & PCR (RT-
qPCR)

R PU IR 2 0 2 S 2 B3CH 9 M 2 S A
Ve S0 B by OCHE R B ) mRNA ¥4,
Primer Premier 5.0 it 514, HdtaiiadeE 4l
MR LEREIYERE 1), WY TRIzol (Thermo
Fisher, 3¢ EAEULRE, $EBCRRIALHL 45 3
6 2H ZUFF i (n=3) ) & RNA, F|H Nanodrop
8000 436 i (Thermo Scientific, 38 )il & #k
B2, 1% EE R L vk R T H: RNA s . AR 48
Prime ScriptTM RT reagent Kit with gDNA Eraser
(TaKaRa, H 7)) & Ud B 45 52 5% s i o 4
cDNA, —20 CIRFF# M. Ll 18S rRNA fE R NZ
K, HYE SYBR® Premix Ex Taq'™ II (TaKaRa,
H A5 & i 5, 7 ABI 7500 Fast Real-Time
PCR 1% (Applied Biosystems, & [ ) I #f 1T
RT-qPCR # 0l , PCR JZ Wi 2% 4 95 C 30's; 95 °C
55,60 C 345, 40 ME; 7 95 C 155,60 C
1 min, 95 °C 15 s,

#&1 RTqPCREREERIESIYER
Tab.1 Primer information for real-time quantitative PCR

B FIHFEI(5-3") PRI op
gene sequence of primer (5'-3") product size

hsd17b7 F: TGGTTTGCAGGAGGTGTTTG 174
R: TCATGGCCTTTCTGATGCTG

ebp F: GCCACGCAACCTGTCTATTC 195
R: TGGATGAAGCCACACACAGT

dhcr24  F: TGTTCTATGCCGTTCCTTGG 153
R: TGGCTGATTCCTCTGCAAAC

dher?7 F: GCCTGTGGTGGAGATCACTTAC 162
R: GATGTTCGGCAGTAAACGGTAG

ch25h  F: TCGGACAAGACTGGAACA 239
R: CGGACTCAGAAGCATCAC

cyp7al  F: GGAATTAAACAACCAGGACCAAC 195
R: GCAACGTGATCTCCTCTCCTTAT

sult2bl  F: TCGTGCCCTTGATAGTGAGC 158
R: CATTGCGTGATGGAAGTGAG

sts F: CACTGCCACCATCCTAACTCTC 155
R: ACCAGGGAAACCAGACCAATAC

hsd3b F: GTGAGGCAAAAGTGAATCCTGT 193
R: TGTATCCCAAAGCCTAATGGTG

18S F: GGAGGTTCGAAGACGATCAG 183
R: GTGAGGTTTCCCGTTGAG

1.5 E34H47 DNA 12EBUK DNA BE/L R M PCR
(MS-PCR)

7 IR L [H 4] DNA $2 e ati f6 155 & (Invitrogen,
) B BUR R b P2 b 4 3 R il 4] 21
(n=3)I) E. DNA, {i H] Nanodrop 8000 J3 G 146
D BE RN B EE, 1 %Z e B o8 Je H Uk PP A S22
i FHAEZR B4 MethPrimer (http://www.urogene.org/
methprimer) 7E & K i3 20 X (4% s B 46 0 A i
2000 bp)iY CpG & LI JAk 51 Vm)FHEH
FALGI I (U), R A FE 5L A B 5 Pt & AR
(3 2). #R#lE Mag-DNA Modification Kit (74 T
A TR BRI A ) 16 B A3 X A [R] Ak B2
DNA 478 WA R &1, JFLIILAE R DNA 5%
M iE1T MS-PCR. R B F2)F 4: 95 °C 5 min; 95 C
305,58 °C 30's,72 °C 30 s, 35ME#f; 72 'C 7 min,
2%BU IR e F DK AG I PCR 724, i J] Image J
M7 PCR F= i 257 K BEA
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£2 MS-PCREERSI#MER
Tab. 2 Primer information for MS-PCR

/AN
FEH SIYF1(5'-3") J /bp
gene sequence of primer (5'-3") product
size
Ebp (M) F: ATTGTAGAAATATCGCGTTATCGA 137
R: CATTACATATTCCGAAAAAATCGTC
Ebp (U) F: AATTGTAGAAATATTGTGTTATTGA 139
R: CATTACATATTCCAAAAAAATCATC
slut2bl F: GCGGAAATAAGTTTTTATAGAATTACG 149
M)

R: CTAATCGAATATAAATCCCACTAACG
slut2bl  F: GGTGGAAATAAGTTTTTATAGAATTATGA 150
) R: AAAACTAATCAAATATAAATCCCACTAACA

1.6 HiEAE

1.6.1 MEZRLEBRHRMAERSN T2
AR E G4 B B 1E A i f /1> 36 2 4 3] o B A A
(orthogonal partial least squares discriminant
analysis, OPLS-DA)f3 #I|74% & 8 Z14: % 5% (variable
importance in projection, VIP), [f]H} 45 & FpAS G4
TR P-value/FDR o # 22 7 %54 (fold change,
FO) ik 25 5 S [ BEUM 3R o 25 7 b 2R B B R
bR VIP>1, FC>2 Fil FC<0.5 5 P<0.05, fff
H = F & 1. H (https://hiplot.com.cn/cloud-tool) X
I 6 1Y 25 S IS [ O R AT R A A . R
KOBAS (v3.0)%f 2 5 il i£17 KEGG (Kyoto
encyclopedia of genes and genomes) & = /1T .
162 EEMSH  AMIHA BRI L8y
AREZE"E R . i RT-qPCR Bk ] 2744¢
TSR, R SPSS19.0 kAT R 2y 240 #T
(one-way ANOVA) LA M Duncan £ & LK 6 22 5+
SR BB A/ . RT-qPCR ¥ DA K 3 [H 4% K

Fw AW1 AWS AWI10 Fwl

FW5 FW10

FEAE Y 22 5 8 &P, IR FIH GraphPad Prism 9.0.0
2 3%, Hirp RT-qPCR 8 i 32 AR X 2 1k i
5 8 4 41 S5 20 I (RN A-seq) 5045 T Y FPKM
(fragments per kilobase of transcript per million
mapped reads){E L XA ARl A AR RN 26 IRTE
L2,

2 HBRE5HW

21 MFERKREEHESHT

SR (FW) R [ R & 5 i & o3 A
R, ik B RC QA o ) [ 2R R RN B
W A B TE 50 mmol/L B3 2H AR KR 52 4
KB EA A 1), oA IR [#E EE (cholesterol) | 25-
¥4 JH [ B (25-hydroxycholesterol ) Fll 7a, 25- %%
FE M [ B (7 0,2 5-hydroxycholesterol ) ¥t 7E Bl Fi 18
H(AW1,AWS5  AWI10) T, FEIRKIKE 4 (FW1 .
FW5. FWI10)FAIK; 1M 2204 e (pregnenolone) |
170-F222 (17a-hydroxyprogesterone) . it % 1 Y
¥ (cortexolone) Fl {7 it % (cortisol) & & ££ i 38
HREAR, FEIRAKIRE AT (E 1), ARAEERZ Y
Z 5 B EMAER, HEEAE AWS il AW10 1
e @ 3 T (P<0.0001), £ FW1, FW5 Hl FW10
PIhe i FRAR(P<0.0001, & 2a); 25-3% KL AH [ iz
Al 7a, 25-ZFFFEAAEEEAE AWL, AWS Fil AW10
IR TR (P<0.01), 7€ FW1, FWS fil FW10
BIbg 5B 35 R (P<0.01, & 2b, 2c¢); ZeJmERER Al
170-3 2220 7E AW1 . AWS F1 AW 10 4% & 2 R
(P<0.001, ¥l 2d, 2e¢), Z2AEEI7E FW1, FWS5 Fl
FW10 4 & T+5(P<0.05, & 2d), 170-FZ2Hi{E
FW5 il 2 THE (P<0.0001, & 2e); M4 1Y

434
FwW 2

170-$522f 170-Hydroxyprogesterone AW1 [ 0
JRE T HHS Cortexolone W AWS )
ZuJ% TN Pregnenolone u ?:vao
B JRBE Cortisol B FWs
JEEEE Cholesterol FW10
25 4E AR A 25-Hydroxycholesterol 5

a1, 25~ FRFEJE [E B

Zhi4r# Progestogen
7a, 25-Hydroxycholesterol = pesloe

Bz JR#&E Cortical hormon
o [EIEE Sterols

1 T PR S i AN () A B2 110 1L 37 2 S 288 o T Y 3R 5 AR 20 A

FW: XJIEZL; AW, AWS Fil AW10: BlFMA 4L FW1, FWS5 F1 FW10: #RKIKSZ 41
Fig. 1 Heat map analysis of serum differential steroid hormone contents in different treatment groups of Leuciscus waleckii
FW: Control group; AW1, AWS5 and AW10: bicarbonate alkalinity stress group; FW1, FWS5 and FW10: freshwater restoration group.
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Hkxk b sk g gc ***** '%‘
a e ~ % w1 2 0
40y |—|**::** 'é ‘E 10 oo **::** ? §150 5 LI
O« ke — W g e = =
’g E 30+ FEEE =5 %4SD §'_o' 8T I n=5; x+SD
g § — n=5,% m{g f'g; of n—5 X+SD géloo
e 20 &3 - =5
@2 ES 40 = 2ol
&3 10 o & ﬂﬂ g5
me 0 =Y $E
5 W e 11’33
o G 0 5 s 49 ° 5 5
\5 Q QO o N
MRS L
4153 group 2451 group
* e;a; - ok ok ok
e 1 220
2 = i
2 *rk [ L 1S
& g 10 T FF 1 25" FEEE
£ 38 EITa &8 Lowrr |
o 2 T & & 10f T 1
S 5| n—5 x+SD = & n=5; X£SD
Bz % Sost
3T i< m 11
&80 &% 4 =asaa ail B
‘8’\ 4\\ Qq\ &6 q\@ — g Qq\ O O q\® N Qb D
> S v or SR
<E.§JIIJ group 2151 group
seskekok
f 150 *kk £ 600 |—|**** wkkk
g ke sk kok —_ |—|**** .
b g Hookokok »é kb
|5} Fk ok -
€ E 100 Tames 5 400 n=5; ¥+SD i
i) 3 Fkokk e — = g
41 g n=5; x+SD i °
g2 I T <1 g I
g8 2 B 200
| FYT | R
g 078 & o I::l N o O ® 078 . @ O O O O
o \ N \
< Y§Y§?§ <¢$ QQXQ& < $Y§$ Qé §$Q$
205 group 251 group
B2 FLICHER AN 6 A B2 M 7 2 5 2 [ R B 3R & o i

a. JHEEE SR b, 25- SR FEH IR 5 5 c. 7o, 25- )2 HEIRE B it d. ZRARTRAE 5 s oo 17032 20 R A i £, JDLAEAT AOAA 35 4

g IREESE. FW: X4, AW,
AN IR b $HL2H [7) 25 5 W 38 (P<0.05), **

AWS5 F1 AW10: B8HHAZH; FW1 .
ot e R RO ) L B ] 22 54 B 35 (P<0.01, P<0.001, P<0.0001).

FWS5 FIl FW10: JR/KKE 4H; EJ5E EFRicAI*F£R

Fig. 2 Analysis of serum differential steroid hormone contents in different treatment groups of Leuciscus waleckii

a. Cholesterol content; b. 25-Hydroxycholesterol content; c.
e. 17a-Hydroxyprogesterone content; f. Cortexolone
AWS5 and AW 10: bicarbonate alkalinity stress group

70, 25-Hydroxycholesterol content; d. Pregnenolone content;
content; g. Cortisol content. FW: Control group; AW1,
; FWI1, FWS and FW10: freshwater restoration group;

Marked * on the histogram indicates significant differences between species (P<0.05),
*k xF% and **** indicate highly significant differences between species (P<0.01, P<0.001, P<0.0001).

AWS Fl AW10 #4145 B &%
FWS5 1 FW10 ¥ i 2

FAFIHE T BEAE AW
f(P<0.0001), 7 FW1,
THE(P<0.001, [ 2f, 2g).
22 =ERKEEHEN KEGG BESH RIEE
XBERERKRIEDH

T 25 S S W EE R 1 KEGG DI fig i B LA
Ko B4 HT AR, 3k B O ECHE % £ 7 25 P XL ]
545 38 S g v 22 S R GRS [ B R EE AR

TE 2R [F 4 W) & B (steroid biosynthesis) . ) 2% il
TR AW A (primary bile acid biosynthesis) 5 2%
I B 3% 25 A= W) il (steroid hormone biosynthesis)
3 /3 (18] 3) . 2ok B A SR A BV S A D ) (T
FE) M RT-qPCR AYZE T LA H, 3 /1 [ 114 5
BRI Rk 3 5 AN ] b B 2 1Y) 2 S 2 T R P R
HACFIEA ALY . BARE, hsd] 7b7 ¥ dher24 1E
AW1, AWS5 F1 AW10 P 5 2 iK(P<0.001),
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£ FW1 . FW5 Fl FW 10 ¥4 i F K434 (P<0.0001,
K 4a, 4c); ebp 76 AW1, AWS5 Fl AW10 35 8 %5
FIK(P<0.05), HTE AWS Fl AW10 # i & E ik
(P<0.0001), 7E FW1. FW5 Fl FW10 % i 1%
F3K(P<0.0001, [ 4b); dher7 1E AWS5 FI AW 10 #%
2 R FRIA(P<0.0001), 7£ FW5 fil FW10 # i 2%
ik (P<0.01, Kl 4d); 534b, ch25h Fl cyp7al TE
AW1, AWS Fll AW10 FH i 25 15 32 35 (P<0.0001),
£ FW1, FW5 fil FW10 4% i K £k (P<0.01,
E 4e, 4f); sult2b] T AW1, AWS F1 AW10 HJH% &
F R ARIE(P<0.001), sts FE AWS FI AW 10 2 5k 2 5
F3K(P<0.0001), sult2bl Fl sts £ FW1, FW5 Fi

FW10 ¥ i FHEF Kk (P<0.01, A 4g, 4h); hsd3b
TE AW, AWS Fl AW10 M8k, 76 AWI ) 2
R FEIA(P<0.01), /£ FW1., FWS5 Fl FW10 )%
i E R IR (P<0.01, K 4i),
23 WAAXEHEEIBHFRHOPFELETE
Vo [ b Y 22 S R S IR 5 R A e S R 4
oV i R £ B S AL I ¥ (whole genome  bisulfite
sequencing, WGBS)ZESXT b & B, ebp F sult2bl
FE A 27 DX S AE A [) b B2 A7 7 22 57 AR IX
B, HOSTE R 38 20 S AR P AR K, AEIR K
PRI A 5 A A (R R 3) o b sule2bl F
A 20+ X iy 22 5 Bkt i T MS-PCR 5

AW1 vs. FW
a vitamin digestion and absorption 1(11.11%)
prolactin signaling pathway 2(22.22%)
ovarian steroidogenesis 4 (44.44%) 5
gnRH secretion 1(11.11%) organismal systems
cortisol synthesis and secretion 2(22.22%)
bile secretion 1(11.11%)
sodium reab i 1(11.11%)
steroid hormone biosynthesis 7(71.78%)
steroid biosynthesis 1(11.11%) .
primary bile acid biosynthesis 1(11.11%) metabolism
metabolic pathways 7(77.78%)
rheumatoid arthritis [T 1 (11.11%)
Pprostate cancer 3(33.33%) .
pathways in cancer [ 3(33.33%) human diseases
endocrine resistance [ 2 (22.22%)
cushing syndrome w 2(22.22%)
gand-receptor i i 11%)
.........................................
02468 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80
percent/%
AWS vs. FW
vitamin digestion and absorption 1(14.29%)
€ ﬂmmoggesis 1(14.29%)
prolactin signaling pathway 2(28.57%)
ovarian steroidogenesis 3 (42.86%)
gnRH secretion 2(28.57% anismal systems
estrogen signaling pathway 1(14.29%) ¢ 9 e Y
ine and other facts lated calcium i 1(14.29%)
cortisol synthesis and secretion 1(14.29%)
bile secretion 1(14.29%)
lated sodium reabsorpti 1(14.29%)
steroid hormone biosynthesis L (14.29%) 5(71.43%)
steroid biosynthesis -29%, .
primary bile acid biosynthesis 1(14.29%) metabolism
metabolic pathways 6 (85.71%)
rheumatoid arthritis T 1 (14.29%)
prostate cancer 4(57.14%)
pathways in cancer [ 4 (57.14%)
endocrine resistance [ 3 (42.86%) human diseases
cushing syndrome [T | (14.29%)
chemical carcinogenesis-receptor activation [T | (14.29%)
chemical carcinogenesis-reactive oxygen species 1(14.29%)
o breast cancer 1(14.29%)
ligand-recept 1(14.29%)
[N T T T T T T TN T T T T T T T T Y T Y
02468 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88
percent/%
AW10 vs. FW
regulation of lipolysis in adipocytes 1(12.5%)
prolactin signaling pathway 2 (25%)
ovarian steroidogenesis 3 (37.5%)
gnRH secretion 1(12.5%) organismal systems
cortisol synthesis and secretion 1(12.5%) & ys
bile secretion 1(12.5%)
lated sodium reat i 1(12.5%)
aldosterone synthesis and secretion 1(12.5%)
steroid hormone biosynthesis 7 (87.5%).
primary bile acid biosynthesis 1(12.5%) metabolism
metabolic pathways 7 (87.5%)
Pprostate cancer 3 (37.5%)
prion disease [ 1(12.5%) )
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Fig. 3 Analysis of the KEGG pathway of steroid hormones in the serum of different treatment groups of Leuciscus waleckii
a. The enrichment pathway of steroid hormones differs between the bicarbonate alkalinity stress group and the control group;
b. The enrichment pathway of steroid hormones differs between the freshwater restoration group and the control group.
FW: Control group; AW1, AWS5 and AW10: Bicarbonate alkalinity stress group; AW 10: Control group;

FW1, FWS5 and FW10: Freshwater restoration group.
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Fig. 4 The relative expression levels of pathway related genes in gills of different treatment groups of Leuciscus waleckii
a. hsd17b7 relative expression; b. ebp relative expression; c. dhcr24 relative expression; d. dhcr7 relative expression;
e. ch25h relative expression; f. cyp7al relative expression; g. sult2bl relative expression; h. sts relative expression;
i. hsd3b relative expression. FW: control group; AW1, AW5 and AW10: bicarbonate alkalinity stress group;
FW1, FW5 and FW10: freshwater restoration group; Marked * on the histogram indicates significant differences between species
(P<0.05), **, *** and **** indicate highly significant differences between species (P<0.01, P<0.001, P<0.0001).
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Fig. 5 Electrophoretic patterns of MS-PCR products in the promoter region of sust2b1 in gills of different treatment groups
a. Bicarbonate alkalinity stress group (AW1, AWS5 and AW10) and control group (FW); b: Freshwater restoration group
(FW1, FW5 and FW10) and control group (AW10). M: methylation primer; U: non-methylation primer.
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b. The grayscale values of methylated primer bands of su/t2b1 in the freshwater restoration group and the control group.
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**% and **** indicate highly significant differences between species (P<0.001, P<0.0001).
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Fig. 7 Steroid hormones participate in osmoregulation in the transition of different water environments in Leuciscus waleckii

Red: increased gene expression and metabolite content; Blue: decreased gene expression and metabolite content;
Yellow: DNA methylation genes.
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Role of steroid hormones in osmoregulation mechanism of Leuciscus
waleckii in Dali Lake
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1. National and Local Joint Engineering Laboratory for Freshwater Fish Breeding; Heilongjiang River Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: The Amur ide (Leuciscus waleckii) in Lake Dali exhibits remarkable salt-alkali resistance, thriving in
environments with an alkalinity of 53.57 mmol/L and pH of 9.6. It also demonstrates reproductive migration
behavior, migrating annually to freshwater rivers to spawn. During this migration, the fish must face the transition
of high-permeability to low-permeability water, which involves immense energy redistribution for basic
metabolism and gonadal development. Steroid hormones, which are lipid hormones synthesized from cholesterol
through a series of enzymatic reactions, play a crucial role in osmoregulation, gonadal development, and energy
consumption during fish reproductive migration. To explore the role of steroid hormones in the osmoregulatory
pressure mechanism of Leuciscus waleckii, we conducted a 10 d bidirectional cross-border stress experiment
involving 50 mmol/L NaHCO; alkalinity stress followed by freshwater recovery. We analyzed serum steroid
hormone levels, gene expression related to gill tissue in different treatment groups, and examined the methylation
of key genes in promoter regions. Our results showed that differences in steroid hormones were primarily
associated with three pathways. In the steroid biosynthesis pathway, the cholesterol and key genes involved
(hsd17b7, ebp, dhcr24, and dhcr7) significantly increased in the alkalinity stress group (P<0.05) and significantly
decreased in the freshwater recovery group (P<0.01). In the primary bile acid biosynthesis pathway,
25-hydroxycholesterol and 7a, 25-hydroxycholesterol, along with their target genes (ch25h and cyp7al),
significantly increased in the alkalinity stress group and significantly decreased in the freshwater recovery group
(P<0.01). In the steroid hormone biosynthesis pathway, Pregnenolone, 17a-hydroxyprogesterone, cortexolone, and
cortisol significantly reduced in the alkalinity stress group (P<0.001) and significantly increased in the freshwater
recovery group (P<0.05). Cholesterol, an intermediate product shared by these three pathways, also showed
notable changes. Additionally, the promoter regions of the key genes involved in cholesterol synthesis and
metabolism, ebp and sult2b1, exhibited low methylation levels in the alkalinity stress group and high methylation
levels in the freshwater recovery group. These findings suggest that cholesterol is a crucial component of the
steroid hormone-related pathways. It influences the methylation levels of key gene promoter regions involved in
its synthesis and metabolism, thereby regulating the differential expression of other key genes in response to
different environmental conditions. This regulation impacts the content of steroid hormones and plays a role in the
osmoregulation of Leuciscus waleckii in varying environments. The results of this study provide a theoretical basis
and scientific guidance for understanding the molecular mechanisms of fish alkali resistance, as well as for the
transplantation and domestication of fish, and the cultivation of novel alkali-resistant varieties.
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