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B LS A SR s 4 e A I Y SRR 25
P43 & 3, Rh % A %% (Rhag, Rhbg, Rhegl il
Rheg2) 4 #l w48 EMERIL, s 1 HED ) R o
I8 VB 15 Rh BE PR $5 () Rh B AR 112858 2 AH
K, FE TSm0 ALE . B R
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BB Fix H T A B g b, 0k R BRI 52 38 N
PR AL SR S AT AR TSN A T, 24T T R e 2
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AR T 3] Rl S8 HE NaHCO; JBihE T i 3%
R 50 A A 22 T e T IR RS, & Bl R
BRI PSS Az AR RO e st
it b, A W5 UL IE 4R 8 (Carassius auratus

gibelio) WA FE X 4, 5 T8 e OORH 8335 FR K TR
AR 1E] 5 1% (Ultra-performance liquid chromatography
coupled with time-of-flight mass spectrometry,
UPLC-Q-TOF/MS) ;A i 45 #E ] 48 15} 241 2= i 5%,
4G 2 BRI T, R DT IR AR AT E
NaHCO; ¥l 20, 40, 60 mmol/L =55 T 5 &
30 d, HERAZUR IR R 21k, MR
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1.1 #H

SIS e [ 7 1E BTy IE AR S E R R R,
P (21.0£0.5) em. KT (120.00£5.64) g, fHHETG
S, 2 M e, ¥ AR A, Hisifg
T —8 R TS NIRRT
7 d, /K 24~25 C, BRILREF 12~14 h BOERASL
4, R = 0 CE B e R g
KA )K= I 5 AR

IR A $H (NaHCO;, 3 brafl, KEEmife T =
Ty, 8] & 3R B R £ B HP 6 iR £k (MS-222,
% [H Sigma Aldrich 2y A]); AEFERK (M) RHE 2
A ED; WA RE T BRI SURA R, Bl 2
fE(Fisat, f8E Merck A H]); HIEE. HEZ . 0.22 um
AP IE B (g al, B2 l).

XS205DY HF R F-(Fit Mettler Toledo 2
A]); Milli-Q A10 #2li/KHL(3E [E Millipore 23 H);
VW BE ML (AR A R, R E TR A A% (7
IKA A dl); KQ 300DB AUEH: #  A (B 1 i
AR 2 Fl); Allegra X-30R 5y 3 2 .0 HL (36 [
Beckman A H); Acquity UPLC &4t (35[E Waters
/3 #]); SCIEX Triple TOF 5600 /& /3 B %X (34
AB SCIEX A ).
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121 WAMBEXI ALIE 1R RA
(Con), 3 MHIMHEZH: 20 mmol/L (CA20). 40 mmol/L
(CA40). 60 mmol/L (CA60), &4 3 N FA7, B4
AT 20 o R T AH J IE AR IR 7 A S RS
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(MS-222) Wb, RIS & T ok b, P
TP R 2R (822, FH 4 C T b Ak BEER /K T U,
WK ARHEE T )5 5 BV A R, PR 280 C
UKFE PR AE R
1.2.3 REWIRE  H-80 CH-ATAYHELLUEE R
T 4 C iR, MEFIFRE 30 mg Fiih, JIA 480 uL
2 4 CHIAH 80%H BEAKEWRA 5 MMHER(E AR
4 2.38 mm), HALZUFEEDL 60 Hz 5 30 s, 7KK
WAL 10 min 5, —20 'C F## 30 min, %
JaF 4 °C. 13000 r/min &[> 15 min, H 300 pL
LJEEW, 1 0.22 pm G WA BE B AR
[ RS, 45 2 8 40 210 45 TR B Bl 0T £ 25 1 (quality
control, QC)HE i, +& B8 [ i 5 2 27 b ¥ 5 15 il
£ o QC it A2 A 90 Jor 1 A5 i o 5 Pk A 4 SR v 1
(A EEAL TR, AERE 5 5 Hp 46 (] B 2 A2 4 A TR —
QC FE i, XHE S EB AT I AR IE, itz
[i] P S 6 5 40 o i A 3 4 e
1.24 LC-MS #&fl @iks: Ai%ih BEH
Cis (50 mmx2.1 mm, 1.7 um; Waters, USA); 1F
B WS A R 0.1%H BRKE R (V/IV), B
RN, ETFER: WA A K, B AN, i
M 0.3 mL/min, #EFEEA 10 pL, RS 40 C,
VAL B 0~4 min, 95%~30% A; 4~11 min, 30%-~
15% A; 11~12 min, 15%~0% A; 12~13 min, 0% A;
13~13.2 min, 0%~95% A; 13.2~15 min, 95% A
Fig A AEIE S RN O, IR
FURHEA 5500 V/-4500 V, BRI N 550 C,
SfE R 80 V/-80 V, Rl RERA 35 eV/-35 eV,
BEFERE LY RN 15 eV, A THES L TIARFIHE
AR, Gasl Ml Gas2 [ 7120 55 PSI, K5 AR
J17k 35 PSL. FFJE sh & 5tF0B%(DBS), Jfix & fil
KA ADA) R RAE BT 100 cps 19 8 AN F
TR EEM . Rk TR
100~1500 Da, — %% Jii ik &5 +H 5  Fl R 50~

1500 Da,
1.3 #HiEsE

PR EF BTG T A Progenesis QI, XJ %
U AT IR SR IR . U 5 L TR DL S — Ak Ak B,
152 (e P A Simea 14.0 FPFIEAT L5 57
Hr(principal component analysis, PCA). 1F 32 i fix
/N 36 5 43 M7 (orthogonal partial least squares
discriminant analysis, OPLS-DA), % HAF & AL
T % 4 HE ¥ {H (variable importance in projection,
VIP)>1. T K80 #71(P<0.05) R i e 4544, 35 A
AR 4 B PE E (HMDB) T i, 98 22 55 2 kA8
W ¥ (differential expressed metabolites, DEMs),
F i E1S 28 DEMs % XA K-S A MetaboAn-
alyst 5.0 #4734, 755 DEMs [ AH 10 1%, 2l
AH AR I8 B R =R, A A O SR, AR
DEMs X J5 1E AR TR 5 Bk 14 52 00

2 HREHMH
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AR R . HAh, EETHRAT R N
0.75, Q* 7 0.65; M THXT R K 0.64, QK
0.83, Hih R FRBIRIPIA LS RAY 22, RERM
G, Q F RS 2, AQFM AT FI
R Al Q° {E MU 1 B, MW KT 0.4, HEMH
ARt K MR AR S5 R AT DL AR B A R 4L
AR, NaHCO; B8 )% Wi 520 T 7 1 4R S
HA S
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R T BREE R AR R R e, A
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Fig. 1 PCA score in positive (A) and negative (B) ion modes
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Fig. 2 OPLS-DA score plot (A;: CA20; As: CA40; As: CA60) and S-Plot (B;: CA20; B,: CA40; B3: CA60)
of the blank group and three NaHCO; concentration groups in positive ion mode
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Fig. 4 Clustered heatmap of 89 metabolites
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BAf . B . RSB AR . H IR
HmesRg . ImEERR . AHLEEY .
24 ERREHERSHF

MetaboAnalyst 2 J& T [ 2% 1) A5 4 (A4 AR 345 1%
BT EE T H, A5 RERE . P i
P MR ERTE RN 89 4> DEMs 7E2S 4
ML [ e B AR fb a3 B 5 e 22 5,
H&(5 H 5 A MetaboAnalyst 5.0, 753 7 1 4R )
it ER AR A S 25 5, DL i - (impact) KT 0
bR, KB 12 ZARIHE Az B R, HoroH
BEARFCIH(P=0.0041) . BRI (P=0.0056)% F i
&, ALV (impact fE79 0.0279) KN A
i . i R A& R 1 ) A R (impact {H R
0.5000)# N 24 R A1 (impact {54 0.357 1) 0 [

THR o XF I B o aniE 5 prR, TR
FEME 1 PR, EARZURERUII] NaHCO; X J7
IR F AR A A T E

Glycerophospholipid metabolism
. Sphingolipid metabolism

201

@ Arachidonic acid metabolism

L5r Phenylalanine, tyrosine and tryptophan biosynthesis

@ Aminoacyl-tRNA biosynthesis
@ Linoleic acid metabolism

—log,p

1.0F
6 O Phenylalanine metabolism

o
O Glycerolipid metabolism
05Llo Steroid hormone biosynthesis
0O Lysine degradation
O Tryptophan metabolism

o
o s s s . .
0 0.1 0.2 0.3 0.4 0.5
EBE T pathway impact

Kl s AR i o A 4
Fig. 5 Metabolic pathway analysis results

x1 REEBIWTER

Tab.1l Metabolic pathway analysisresults

%5 X8 % matabolic pathway Xﬂ‘ﬂj%@‘i'ﬁl P EZ,HIEJ T
no. hits impact
1 Hm#EIEICE glycerophospholipid metabolism 4 0.0041 0.3333
2 gt sphingolipid metabolism 3 0.0056 0.1988
3 JEAEVIMEARICIE arachidonic acid metabolism 3 0.0200  0.0279
4 KNER . BEmMOEARMNAY S phenylalanine, tyrosine and tryptophan biosynthesis 1 0.0705 0.5000
5 EAAMICH phenylalanine metabolism 1 0.1362 0.3571
6 BEILBENGEENLEE (gpi)-5E € WA L glycosylphosphatidylinositol (gpi)-anchor biosynthesis 1 0.2121 0.0048
7 HMBRfRSE glycerolipid metabolism 1 0.2545  0.0125
8 KB ZE AW A M steroid hormone biosynthesis 2 0.3170 0.0673
9 M FERI%M# lysine degradation 1 0.3690 0.0284
10 BEIRBEVIEE (S5 R4 phosphatidylinositol signaling system 1 0.4032 0.0015
11 @EB tryptophan metabolism 1 0.5141  0.1387
12 LS purine metabolism 1 0.7087 0.0050
3 itig FRLENEL Y DEMs 2821, i Mit, CA60

AWF5E FH ] UPLC-Q-TOF/MS H A X5 1IE
FREMER A AT ALK AT, TR T
fElR2s SR G AE NI Z R DEMs, Nif—2 T
i 7 IEAREAE NaHCO5 e T HLA I 5t i) 22
TR R AR AL T ARG . QI 4L 4 A F 52 45 2R K B,
5 Con AL, ANFEWRE NaHCO; ##5 T B 7 1E

G Y 22 AR e 2 o MR L~ n] D
7 TEAR A A 52 Bk R SR B 38 I Bl v
O, ST BT A A A AR R A0 = e LA
Py PR R AL

H A A AR A A PR e T A AR 18
Z—, SR AN R R S PR R, Bl R] L
AP, IF2 15 40 B 8 B PR A
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ST fE NaHCO; frin T, J7 IEARBN6E 1 B
TR 38 5 32 B T, v B S e T i
AL (P<0.05, Impact: 0.3333), i B #1451
7, NaHCOs 4b B 4 P 8 2 21 ) DEMs 1, 7% K
fig Bt 2 W2 (PE) R A BEAR BB (PC)™ . PE 7776 T
20 AR R PP B R A, AR AR R T B RE R A
20 B RRRS E TR R TR, A0 R R A ) B
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Abstract: China contains vast areas of saline-alkali waters. Therefore, fish farming in such waters is crucial to
ensuring domestic food supply and safety in the future and is also necessary for achieving the strategic goal of
“expanding capacity, improving quality, and increasing efficiency” of China’s existing land area. The breeding of
saline-tolerant fish species and the establishment of suitable breeding patterns are the key approaches to the efficient
utilization of saline-alkali waters. The stability of key metabolic pathways in target organs is necessary for fish to
adapt to changes in the external habitat. Gills are the salt-tolerant target organs of fish, and the effect of Rh
glycoprotein on the ammonium transporter has been confirmed. However, uncertainty remains around the material
basis and mechanism of regulation at the cellular level. This lack of understanding restricts the targeted breeding of
salt-tolerant fish, which has become a key bottleneck requiring an urgent solution for the sustainable development of
the saline-alkali fish industry. In this study, the saline-alkali tolerant Carassius auratus gibelio variety in China was
used as the research object. Specimens were exposed to fresh water in the control group (Con), and three different
concentrations of alkali in the stress groups: 20 mmol/L NaHCO; (CA20), 40 mmol/L NaHCO; (CA40), and 60
mmol/L NaHCO; (CA60). Metabolomics were used to screen for endogenous differential metabolites. Statistical
analysis of metabolic pathways and multivariate data was used to explore the response mechanism of C. a. gibelio to
alkali stress. The results showed that the gill tissue metabolites screened out 89 differential metabolites in the
positive and negative ion mode, of which 50 were up-regulated and 39 were down-regulated, mainly enriched in
glycerophospholipid metabolism, sphingolipid metabolism, arachidonic acid metabolism, and benzene Alanine
metabolism, while the biosynthesis of phenylalanine, tyrosine, and tryptophan was represented by 12 metabolic
pathways. This study shows that, after alkali stress, the glycerophospholipid in C. a. gibelio regulates the transport of
substances inside and outside the cell membrane, and the pathway to synthesize sphingomyelin and sphingosine is
inhibited. As the concentrations of prostaglandins, leukotrienes, and L-phenylalanine in the metabolites increase, the
detoxification function increases and inflammatory response decreases. This metabolic mechanism may be a key
reason for the tolerance of C. a. gibelio carp to alkali stress. This study explored the toxic effect and physiological
regulation mechanism of alkali stress on crucian carp and provided a theoretical basis for further research into the
breeding of excellent salt-tolerant fish species.
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