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i 2 1 — ZR 5 9 38 7 ALl oA R X AT B
e 20 M RE BV, I AN MBS, B
1% 1 E AL & 58K 3 1 35 14 %L (reactive oxygen,
ROS) Mk & =4 eAh, A TG FERAGR PR 3T
R C SRR IR, PTAREE .
PUABEE AR TR an R e 8 (250, TR
RE {0 5 W 2R A A 0 B R R . B R A
SEATLAAE 1 W R BE S R A TR A AR IS N AR
AR R AR 2 AT DA A5 i S BT AL
RN AR Y, Sy PR35 AR A X AR 42 1) 5
WAt T R 3L, B, R =0
YA RIS AL C A D e iE, K KR
Jp 30 X E A AL £ (Symphysodon aequifasciatus) )
pem . ARG . BE WA BRI
PR E AL R G R A VR S s
A KRBT R AL 3R G2 7 S BUAR 5 Bl (Takifugu fasci-
atus) I N 3 B rh A4 E VR . AR N K
Xt 5 W 5 (Dicentrarchus labrax) B2 LR A RE &AL
WEA T BER WY, XS R, (RIR X
A HRA S e A AR

KA (Larimichthys crocea) &35 F i B HY
Gtz —, CIEMmE . WA RS HiEfT
T RMMBLIRAG, 2019 44 [E FRAE 7 4 T 3k 22.55
T3 RE e (RS IREAILER) A5 U,
KK 10 °C B, RigfalifshiRgg . el
HREA, JKIRFEE 8 °CHF, Kufa s,
AR 52 B 29 Ry 5 °Cl™, K £ 7 R A 1Y)
(8] P A2 BRI AN YU 38 BRI SE T U2
RIBMFER), HFRA P kB Ra ik, B
HIF, T FE LR M 30 X6 K8 fa A3 % 52 i if
FEARWHGE . T R E LS E, 558
Bl o fE rh R HEEZAE R, AR A AR
T YA - I TR HH A (LC-MS) A I I A1
Iy SER NN RN TR w7/ BT R i e P O R (A
LR B3 1) e 7 BIL R B oY B e AR, R Ay
A £ SIS A T 3 ) SR T SRR e R

1 MEE A

1.1 HARE

SEE KA [ KT (21.38+2.46) g] 3k A HRE K
FERFEERI Y BE AR T K WG T A A S AT L o
PO 12 SN 600 L 89 1k 3% 384 v 45 53
28, 30 R/l BFEEIA, RERR AT
W R LA RE 2 YR (08:00 F1 16:00), 7K i 2%k
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K (20+£0.42) °C. # F 24.78+0.37. pH{H
7.29+0.34 . VA fit A (7.3120.42) mg/L. B AN
(0.14£0.02)~(0.19£0.03)mg/L., FF 45k )5, 5L
B0 5 M P LR AL, 6 MR/l SRJE MBS
AP REALE 34, KK IR 4ERFTE 20 °C5 5
Hh 3A LA 1.5 °C/d 1Y 3 20 /K IR AA 20 % 8 °C
(PR K IR 29,5 °C I, K fafs IR i),
20 1 8 °C F25H FHK 43l i 2 B ST R K R 46
P, eIt x4 c4l). IRIRA
(CC4l), Yikd (F4l) ATE+ILER AL (CF4),
BAAEHAE 3 AP AT. BEESLE 30d )5, BAERE
BLHL 4 2 fa i I T M4 ROS Ml i, 1 B
PFRER FA L), S B A FEHEF Le-
MS 7 #r. ABEFE T, SEE B Y R BE FURE AR R
CE e Sapi i B U RS T R 2 A
RIS T S Sh A BN S 56 S ) 8 FH PR 7l o

1.2 ROS MEFBLYIH W E

i 8 Zeng 5 (07 PARBUFAE A1 38 W, 4R
Je i P B A ) T AR ST TR & (E004-1-1),
Fie FRULI A5 R L2296 TA M i ROS & i, #MR
Zeng L, Zad LEEREEELK . A, 1)
FRIRAKG L (HE) Y 55 D BRGIVELH D) F
FEGA A T REHLILEE 6 S ILEF, GEit HE o
JFERIEZS 36 A AR T AR (%)

1.3 LC-MS #@&#| & Mo

2 B8 Zhang S50 1) )5 2 A T AR I RE A il
o 50 mg FFHEAE S 5 A AR B AR ok
7, A 400 pL & bR MEW W (L-2-50R TN &R
0.02 mg/mL) [ A& BUi ) (H B = K B A B LG S
42 1) IS ER S AEEL 30 min, P AR BURUIL
A 2.0 mL Eppendorf & 7, DA 13 000 r/min 4 °C &
O 15 min, $EE L E W . K LT WO O g A
(0.22 um) 1 JE R LC /M o 25 B A TR
VKA ELF] LC-MS 4387 o AR A R 20 pl B
ARIRGIA], Hil45 B (quality control, QC) FEAS;
55 BUER 43 FE i 7F UHPLC-Q Exactive HF-X & 4t
FEERK, R #HATHr.

2 uL AR AR AR 7 A ACQUITY UPLC
HSS T3 3% 4 (100 mm x 2.1 mm, 1.8 um; Waters,
FHE); Wi Eh A A [K 2 O (& 0.1% HR),
KT 95« ST RIS B[ 2 « SR EE - K (&%
0.1% HR), AT 47.5 : 47.5 : 5.0) FEAT —JCHb
FEVENL; BeJa RAIE . S PR T B
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K, B8 Bk e Y 70~1 050 m/z,
IR 425 °C, B I 325 °C, WEZEH
JE+3 500 V, fiffEfE 20, 40 il 60 eV, fEH 43
Pridfeh, B 6 MEAHA 1D QCHA, LI
PEAG AT EE A2 1
14 RE~=LE

K H progenesis QI (waters corporation, milford,
) XS AR A T IAL B, RIS A0 B i
B ff FE (m/z). & B8 B [H] (retention time, RT). I
SR SRR BB AE R, IR XTI A TARTE , B
S i A N FEBOHE E (https://www.hmdb.ca/, https:/
www.lipidmaps.org/) XA HEF T 5E .
1.5 RS

K JH SIMCA B A %8 19 — A Ei 8 47 32 104y
J3HT (PCA) HIE S i die /N —3fe ik -H1 1] 73 M (OPLS-
DA). LA OPLS-DA H 1§ 45 i 4% 5% T Z 1k VIP>1,
R Y 22 A5 80 FC>1.5, DA K 46 56 (SPSS
22.0 B fF) v P<0.05 S bR, 0 1 22 S A o
2R8I KEGG (https:/www.kegg jp/) K
PEHEAT HOXE . FEREFNARIE B AR .

2 4R

2.1 BEERMROS B

CC MR R B CT C 4, CF 4l
R FEET CC 4 (P<0.05), CC HIF 4HiY ROS &%
BEUEST C4, CCHF4IEA ROS &EILE
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22 APk

CHMATYIMIEHR , CC. FF1 CF A H I
ARIBEEN S WA ESRRS (K 2), CC. FAHI
CF a1 B & w1 C 4 (K 3).

23 R 2 EEL

LC-MS LT 13 440 MNMEMIESHT . R
T WIS R B A S TR AR TR R (380 DU LA
YItsemm , AR SER A 7 5 A . CC
vs. C (IRIB R #). CF vs. F (L& 1F T B9 AR IE
). Fvs. C WUHKI) . CFvs. CC (RIRZMF T HY
PUHRIE ) FT CF vs. C (IR AKX & D) . 28
JEkE s AR — b 34, BICCvs.CH
CF vs. F 47 Hi (BB SRS T RN ) |
F vs. C Fil CF vs. CC (% iR s AR 45 140 T LR
#) VA CF vs. C (IR FILERER A N i) . FEFI1E
S e /N — 3 F1 5] 43 Bt (OPLS-DA) Al A, RY =
0.99, H Q™>0.789 (£ 1), &AM AR & M5 b
GV RN & i
24 EFKIEIFIE

BT OPLS-DA HRIAVSLHRZE R, CC vs. C
1t 22 SR 84 b, b LA N IRACE 4
WA 58 Fl 26 Fl; CF vs. F i ik 22 AR 4
154 Ffr, Foop b8 AR 08 AR 4 43 0 Sl 84 A
70 Ff1; CC vs. C 55 CF vs. F A5 23 FhdL[a] 425 F AL

8 -

c

R

[e)}
T

ROS & /(% X IR 4H)
ROS content
) N

HIEENE N

C CcC F CF
A1
groups

(b)

(]

1 KRB KEEKIEE (a) FFTHE ROS &= (b) HIEZNE
CXIRZ, CCARIRAL, FULMRA, CRAREURA. AR TR EEZES (P<0.05), TH.

Fig.1 Effects of low temperature and starvation on survival rate (a) and ROS content (b) in the liver of L. crocea

C. control group, CC. low temperature group, F. starvation group, CF. low temperature+starvation group. Different letters denote significant differences

(P<0.05), the same below.
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B2 RRFMIIETK

AE T AERAF R

(@) CH4l, IEHWATYIM; (b)CCHl, HETHAZEL LI () F 4, PESHEAZESLI; (d)CF4H, FETEMZEL NN, Vasrs

i@, HATAIME, Cv.rrdefike

Fig. 2 Effects of low temperature and starvation on liver histology in L. crocea

(a) C group, normal hepatocytes; (b) CC group, mild vacuoles and nuclear atrophy were appeared; (c) F group, mild vacuoles and nuclear atrophy were

appeared; (d) CF group, mild vacuoles and nuclear atrophy were appeared. Va. vacuoles, H. hepatocytes, Cv. central vein.
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Fig. 3 Relative areas of hepatic vacuoles in L. crocea

under low temperature and starvation stresses

# 1 OPLS-DA {REKIEMNSH
Tab.1 Evaluation parameters of OPLS-DA model

*F2 ESKREISEIT ST
Tab. 2 Statistics of differential metabolites

sty oot VaYEcE BRRYEGE IR EE

ou number of number of number of
o ri ar?son differential up-regulated down-regulated

P metabolites metabolites metabolites
CCvs.C 84 58 26
CFvs. F 154 84 70
Fvs.C 184 153 31
CF vs. CC 50 28 22
CFvs.C 126 98 28

H3)  groups

TR
score of PCA CcCys.C CFvs.F Fuvs.C CFvs.CC CFus.C
R’X 0.814 0.691 0.744 0.807 0.644
RY 0.998 0.995 0.991 0.997 0.999
Q’ 0911 0.835 0.917 0.848 0.789

W (2, K4,

F vs. C Wik th 22 AR 184 Fp, Hop -
PR JE S 4 50 R 153 Fp R 31 Ff; CF vs.
CC i th 22 S2AC A 50 F, Horp LA T o3
R 533 g 28 FpAI 22 B ; CCvs. C 5 CFvs. F
A 6 FhAL a2 AR (R 2, E 4),

CF vs. C Hriiii i th 22 AR 126 7, Hop
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L VEFCT AR 2300 R 98 AR 28 A (3 2).
25 EFKEZMHSE

FF A AR 41 5045 B (The Human Meta-
bolome Database, HMDB), X %% M4 4 A% 22 7Y
WYIIT 2, CCys. C Ry 22 SR F 24+
TR M AT A=W (26.47%) . NEWITERE (16.18%).
HMwEE (14.71%) . AHLALED (5.88%). AL
ARG (5.88%) FIMG| Wk K AT AE Y (4.41%) 45
CF vs. F 19 22 S AQ 4 3 22 48 of T H ol il s
(30.25%) . R N HAT A=W (19.33%) . AHLEALE
1 (9.24%) . NERIITHAE (8.40%) FINEMSAZ TR (4.20%)
%, Fvs. C 2SIy E2E b TRIR L H
A (30.30%). HIMBENR (12.12%). 15 17 It 2
(9.09%). A HLEAALA D (9.09%) FZE T BT A
¥ (5.30%) %, CF vs. CC il 22 AN T E 4
T HHLEL S Y (28.95%). KRR M HAi 4=
(15.79%). H i #5 A5 (10.53%) MAHLA L&D
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CFvs. F 61 CCuvs. C
@“é g 200 154
22z 0 :
= CF vs. F CCvs. C
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groups
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Fvs.C 44 CF vs. CC

=% 820 184
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£2g 0 :
- Fvs.C CF vs. CC
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4 BFHERKHEVFEERE

Fig. 4 Venn diagram of differential metabolites in groups

(7.89%) %, CF vs. C P22 7Y R 2 Eh T
RIR N HAGEY) (28.41%). NEWITE (18.18%). A
MR A (9.09%) FIRERERL TR (5.68%) 45 (151 5)0

2.6 KEGG E&EBRSH

R 25 KEGG ek RS & 4,
CC vs. C Wiy 22 AR = 4L vh T H i B iR X
W M MAREACE, T, bR S e
(GPD- W& M M, MR . M, KEmR
AR M, BERRFCHT: M, @ WE-HAfh. CP
(CP AR MR, TR, WA M
(K 6-a),
CF vs. F P9 22 50 EE £ T FoxO {5
SIE . EIP (EIP {CEMEE(E B, TR, H
IS M, ABCizfifk. EIP, A MeH KL
W M, BEFRAEYAER: M, RS M,
20-1(1.47%) 21-1 (1.47%)
19-1 (1.47%)
PR =
16-1 (1.47%)
15-1(1.47%)
14-1 (1.47%)
13-1(1.47%)
12-1 (1.47%)
11-1 (1.47%)

10-1 (1.47%)
9-2 (2.94%),

8-2(2.94%)

1-18 (26.47%)

7-2 (2.94%)
6-3 (4.41%)

5-4 (5.88%) 2-11 (16.18%)

4-4 (5.88%)
3-10 (14.71%)

CCyvs.C

(@)

HHE K752 ) sponsored by China Society of Fisheries

GPLAS R4 1. M, A= Tl T 11 Y 5 1 e G 35
M, HAR . Z2ZRMBPARNRE: M, Hais
PERCARSZ R F E AR . EIP, ZBEREFACH: M,
BRI M, #TFIE. CP, B-INAMACH: M,
HEBRIERE: CP, RKERMR AR : M, KA
BRAYA R : M, CEEBRA ZRBRAS: M A
mE-HAl . CP (A 6-b),

Fvs. C 1 22 AR 2 S48 vh 45 bk H K
R M, SiRFHAEYER: M, GPLHiAY
A M, EALBERRL . M, RS &R A = R AR
e M, BEREYEE: M, BEREMW: M,
Ham . 2RI EmRAH: M, WaER. X
KRS AR M, HmsEmsRE. M,
BRFIE: CP, RN : M, &R MR
. M, ATP 454 & (ATP-binding cassette, ABC)
stk EIP, FAME-JA: CP%5( 6-¢).

20-1 (0.84%) 21-7 (5.88%)
19-1 (0.84%)

1-36 (30.25%)
13-2 (1.68%)
12-2 (1.68%)
11-2 (1.68%)
10 -2 (1.68%)
9-2 (1.68%)
8-3 (2.52%)
7-3 (2.52%)
6-3 (2.52%)

5-5 (4.20%)

4-10 (8.40%)

2-23 (19.33%)
3-11 (9.24%)

CFvs. F

(b)

(Bl5 Fig.5)
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21-11 (8.33%)
20-1 (0.76%)
19-1 (0.76%)
18-1 (0.76%)
17-1(0.76%)
16-2 (1.52%)

15-2 (1.52%
14-2( 1(,52%) )/\
13-2 (1.52%)
12-2 (1.52%)
11-2 (1.52%)
10-2 (1.52%)
9-2 (1.52%)
8-3 (2.27%)
7-5 (3.79%)

1-40 (30.30%)

66 (4.55%)

N 216 (12.12%)
5-7(5.30%)

4-12 (9.09%) 3-12 (9.09%)

Fvs.C

(©)

T
17-1 (|f14(%) )
16-1 (1.14%)

20-1 (1.14%)21-5 (5.68%)

141 (2.63%)
13:1.63%)
121 .65%)
11 Q.63%)
10-1 (2.63%)
9-1(2.63%) - 1-11 (28.95%)

8-2 (5.26%)

7-2(5.26%),

6-2 (5.26%)

5-2(5.26%)
2-6 (15.79%)
4-3 (7.89%)

3-4(10.53%)
CF vs. CC

(d)

1-25 (28.41%)

15-1 (1.14%
141 ({.14%53)/\
13- 1 (1.14%)
122 (227%)/
11-2 (2.27%)
102 (227%
9-3 (3.41%)
8-3 (3.41%)
7-3 (3.41%)

6-3 (3.41%)

5-3 (3.41%)
4-5 (5.68%)
3-8 (9.09%)

2-16 (18.18%)

CFvs.C

(©

5 KREAERNKB~8 HMDB 7347

B e & SON T 5308 (F AP E). G0 1-25 (28, 41%) REJT5 1 Fa1T 25 BRI, 5 BRI 28. 41%. (a) 1 RERFIATAEYD, 2.
fEWilE, 3. Hi®Els, 4. GHLEMAEY, 5. ENELEGY, 6 BINRATEY, 7. FRMBURTTAEY, 8 MESZLF, 9. MEng % 1FmR, 10. Mk,
11, WEERRAGTAEY, 12, W, 13, &M, 14, 358, 15 WRAGTAEY, 16 TR EREMUY, 17. GIBERMATEY, 18. RAm R
%, 19 FRHEMAATAY, 20, BE ML EBEATAEY, 21, Hb. o) 1L HMBEIR, 2. R AATED, 3. HHLEAEY, 4 RITEEE, 5.
SR, 6. BENLEMEY, 708 ZRERE A, 8. WENEAZTT, 9. K RHURHTAEY, 10 MRk RATAEY, 11 YRR KATAEY, 12. KR
R, 13.Wkhe RATAED, 14, S K S ARRTAEY), 15.Me3%, 16, REERR R ATAY), 17. B, 18, mkmemeng, 19. WEE, 20. G HL8E AT
M1, 21 HAhe (o) 1. FRER K HLATAEY, 2 HihBile, 3. MeliBtst, 4. AHENEY, S K REEBURATEY, 6. RABIEZ, 7. HHLELE
Y, 8. W3, 9. (3"->5")- AL IR K MUY 10 WEERR R HATAED, 11 WIuE R HATE, 12, 804 RHATEY, 13 ERZIFRR, 14, 1
WEAZAF, 15 MERERZTIR, 16, REEE L HATAY, 17.(5"->5")-TRZ R, 18 A H2E, 19, ZKIFbm, 20 2 Wk, 21 HAb. @) 1. AL
BAEW, 2 RREILATAEY, 3. BB, 4 AHLEMLE Y, S.EIREEATAEY, 6. RAMARZ, 7. MEIEZIER, 8. R & HATAEY,
9. ZEIFMLNE, 10. =I5 HEBELE, 11 IRWIRE, 12 AHLEEER R HLATAY, 13, MW RILATAEY), 14 ERETH . (o) 1 RER M ILATAEY, 2. IRl
WAL, 3. APENAEY, 4 MR, S R KBURATAEY, 6. Hihikl, 7. BV EMEY, 8. RHMmIEZ, 9 WKL IFFE, 10.(3"->5")-
TR AR, 11N AT, 12, VERAZTE, 13, (5"->5")- AR, 14, Mike, 15 AR AT, 16 I IEBkE, 17. T,
18. &WKkIR, 19. TERER, 20. BRMEIRmERE, 21, HAh.

Fig. 5 HMDB analysis of differential metabolites in the metabolome

The numbers in the figure represent the serial number - quantity (percentage). For example, 1-25 (28. 41%) represents that number 1 contains 25 meta-
bolites, accounting for 28. 41% of the total metabolism. (a) 1. carboxylic acids and derivatives, 2. fatty acyls, 3. glycerophospholipids, 4. organonitrogen
compounds, 5. organooxygen compounds, 6. indoles and derivatives, 7. benzene and substituted derivatives, 8. purine nucleosides, 9. pyrimidine nucle-
otides, 10. azolidines, 11. cinnamic acids and deriva tives, 12. diazines, 13. dihydrofurans, 14. flavonoids, 15. keto acids and derivatives, 16. nucleoside
and nucleotide analogues, 17. organic phosphoric acids and derivatives, 18. prenol lipids, 19. pteridines and derivatives, 20. steroids and steroid derivat-
ives, 21. others. (b) 1. glycerophospholipids, 2. carboxylic acids and derivatives, 3. organooxygen compounds, 4. fatty acyls, 5. purine nucleotides, 6.
organonitrogen compounds, 7. prenol lipods, 8. pyrimidine nucleosides, 9. benzene and substituted derivatives, 10. indoles and derivatives, 11. organic
sulfonic acids and derivatives, 12. phenylpropanoic acids, 13. pyridines and derivatives, 14. steroids and steroid derivatives, 15. azolidines, 16. cinnamic
acids and derivatives, 17. glycerolipids, 18. imidazopyrimidines, 19. lactones, 20. organic phosphoric acids and derivatives, 21. others. (c) 1. carboxylic
acids and derivatives, 2. glycerophospholipids, 3. fatty acyls, 4. organooxygen compounds, 5. benzene and substituted derivatives, 6. prenol lipids, 7.
organonitrogen compounds, 8. phenols, 9. (3"->5")-dinucleotides and analogues, 10. cinnamic acids and dervatives, 11. indoles and derivatives, 12. pter-
idines and derivatives, 13. purine nucleotides, 14. pyrimidine nucleosides, 15. pyrimidine nucleotides, 16. steroids and steroid derivatives, 17. (5"->5")-
dinucleotides, 18. azepines, 19. benzopyrans, 20. dihydrofurans, 21. others. (d) 1. organooxygen compounds, 2. carboxylic acids and derivatives, 3. gly-
cerophospholipids, 4. organonitrogen compounds, 5. indoles and derivatives, 6. prenol lipids, 7. pyrimidine nucleotides, 8. steroids and steroid derivat-
ives, 9. benzopyrans, 10. diarylheptanoids, 11. fatty acyls, 12. organic sulfonic acids and derivatives, 13. pteridines and derivatives, 14. purine nucleos-
ides. (e) 1. carboxylic acids and derivatives, 2. fatty acyls, 3. organooxygen compounds, 4. pyrimidine nucleotides, 5. benzene and substituted derivat-
ives, 6. glycerophospholipids, 7. organonitrogen compounds, 8. prenol lipids, 9. purine nucleotides, 10. (3"->5")-dinucleotides and analogues, 11. indoles
and derivatives, 12. purine nucleosides, 13. (5"->5")-dinucleotides, 14. azolidines, 15. cinnamic acids and derivatives, 16. diarylheptanoids, 17. diazines,
18. dihydrofurans, 19. flavonoids, 20. imidazopyrimidines, 21. others.
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6 EFN~IH KEGG @i
() L Hm B AR M, 2. BEEEEEIREEVLEE (GPD-4 WA M M, 3. B MR M, 4 REBAEMEMR: M, 58RI M, 6. H
Wg-JEAbh: CP, 7. JER RIS : M, 8 WIBIEAMMBE LMW CP, 9. AWE-314: CP. (b) 1. Foxo {5 i@ #%: EIP, 2. Huli#EMA
W: M, 3.ABC #igfk: EIP, 4. BMHKMAY: M, S HEFLEYER: M, 6 BERAH: M, 7. BEERBILEE (GPD #iEW & M,
8. PRI AR RS M, 9 HEMR. LRMAFERNY: M, 10, fhEIE MR A2 A HAE A . EIP, 11 BEARRSE: M, 12, 89f8
R M, 13 BEAN: CP, 14 B-NARAM: M, 15 SEMUER: CP, 16 MAMMMAMAW: M, 17 HEAREER: M, 18.
CEERRAN R M, 19, AME-JEl: CP, 20, FMEBMAMEZARINHE: Mo (o) L ABEHIASE: M, 2 WHTEDER: M, 30
SEBENRBENLES (GPD i & k. M, 4 EERERM: M, 5 RSRIRAMEBR AU M, 6. MEREM S M, 7. B&REM: M, 8. |
. LFRAFERNH: M, 9 AR, RAEARMBLARNH: M, 10, HlBEIRAH: M, 11 BT E: CP, 12. RNARNRY:
M, 13 JER ARG : M, 14 ABC #izfk: EIP, 15. HUE-JLAt: CP, 16. $MRACH: M. (d) 1. HulBEAEARE: M, 2. ABC #igfk:
EIP, 3. AEE-Jifh: CP, 4. YIZMHARAEY AR M, 5 HEREBHIREILEE (GPD-HE M G M, 6. AME-ZIY: CP, 7. HE-BRIE: M.
() I ERG AR M, 2 BEILBEARWENLEY (GPD) #AEM &K M, 3REIRAEM S M, 4 HlgslEAW: M, 5 8Bk M, 6 i
PR M, 7. 8RR M, 8 HEIR. RAEMMAZARNE: M, 9. AMK-Jifh: CP, 10 ¥/EHA: CP, 11 JERAFERAE: M,
12. Foxo fi il #%: EIP, 13. #MH S : M. MAVEY, CPAER, EIPHEEEALI. * P<0.05, ** P<0.01, *** P<0.001.
Fig. 6 KEGG enriched pathway of differential metabolite

(a) 1. glycerophospholipid metabolism: M, 2. glycosylphosphatidylinositol (GPI)-anchor biosynthesis: M, 3. lysine degradation: M, 4. arginine biosyn-
thesis: M, 5. sphingolipid metabolism: M, 6. autophagy-other: CP, 7. starch and sucrose metabolism: M, 8. regulation of actin cytoskeleton: CP, 9. auto-
phagy-animal: CP. (b) 1. FoxO signaling pathway: EIP, 2. glycerophospholipid metabolism: M, 3. ABC transporters: EIP, 4. glutathione metabolism: M,
5. biosynthesis of cofactors: M, 6. purine metabolism: M, 7. glycosylphosphatidylinositol (GPI)-anchor biosynthesis: M, 8. taurine and hypotaurine meta-
bolism: M, 9. glycine, serine and threonine metabolism: M, 10. neuroactive ligand-receptor interaction: EIP, 11. ether lipid metabolism: M, 12. sphingol-
ipid metabolism: M, 13. ferroptosis: CP, 14. beta-alanine metabolism: M, 15. gap junction: CP, 16. arginine and proline metabolism: M, 17. arginine bio-
synthesis: M, 18. glyoxylate and dicarboxylate metabolism: M, 19. autophagy-other: CP, 20. cysteine and methionine metabolism: M. (c) 1. glutathione
metabolism: M, 2. biosynthesis of cofactors: M, 3. glycosylphosphatidylinositol (GPI)-anchor biosynthesis: M, 4. oxidative phosphorylation: M, 5. argin-
ine and proline metabolism: M, 6. arginine biosynthesis: M, 7. lysine degradation: M, 8. glycine, serine and threonine metabolism: M, 9. alanine, aspart-
ate and glutamate metabolism: M, 10. glycerophospholipid metabolism: M, 11. ferroptosis: CP, 12. phenylalanine metabolism: M, 13. starch and sucrose
metabolism: M, 14. ABC transporters: EIP, 15. autophagy-other: CP, 16. sphingolipid metabolism: M. (d) 1. glycerophospholipid metabolism: M, 2.
ABC transporters: EIP, 3. autophagy-other: CP, 4. primary bile acid biosynthesis: M, 5. glycosylphosphatidylinositol (GPI)-anchor biosynthesis: M, 6.
autophagy-animal: CP, 7. one carbon pool by folate: M. (e) 1. purine metabolism: M, 2. glycosylphosphatidylinositol (GPI)-anchor biosynthesis: M, 3.
arginine biosynthesis: M, 4. glycerophospholipid metabolism: M, 5. oxidative phosphorylation: M, 6. lysine degradation: M, 7. sphingolipid metabolism:
M, 8. alanine, aspartate and glutamate metabolism: M, 9. autophagy - other: CP, 10. lysosome: CP, 11. starch and sucrose metabolism: M, 12. FoxO sig-
naling pathway: EIP, 13. glutathione metabolism: M. M. metabolite, CP. cellular processes, EIP. environmental information processing. *. P<0.05, **.
P<0.01, *** P<0.001.
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BEERR W, KIS RE, s @, H CFAMBIERRES T cCdl, KWL
IR EN, AT, YMIKEREE 14 °CH, AT AR A R IR IR e T 324 . Lu %529 A 0H
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Metabolomics-based analysis of adaptive mechanism of Larimichthys crocea to
low temperature and starvation stresses

*

ZENG Lin', SONG Wei>", XIE Zhengli*, WANG Yonghong ', XIONG Yifei’, ZHANG Hui"

(1. School of Food and Biological Engineering, Bengbu University, Bengbu 233030, China;
2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
3. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316000, China;
4. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract: Large yellow croaker (Larimichthys crocea) is the most important warm-water marine commercial fish,
which is widely distributed in the southeast coastal regions in China, such as Zhejiang, Fujian and Guangdong
provinces. It is highly sensitive to cold and starvation, and massive death of this species can be observed during
winters, leading to significant economic losses for farmers. This study aims to explore the response mechanism of
L. crocea to oxidative damage caused by low temperature and starvation. Fish with an average weight of
(21.3842.46) g were exposed to low temperature (8 °C) or/and under starvation stress. The fish were divided into
four groups: control group (C group), cold group (CC group), fasting group (F group) and cold+fasting group (CF
group), each with three replicates. The experiment lasted 30 d, survival rate was calculated, liver samples were
obtained for histological observation, chemical fluorescence and LC-MS technology were used to analyze the dif-
ference of reactive oxygen species (ROS) and metabolites in different treatment groups. The results showed that
compared with C group, the survival rate of CC group, F group and CF group was significantly decreased, while
the ROS content was significantly increased (P<0.05), and demonstrated vacuolation and nuclear atrophy, indicat-
ing cold and starvation stresses induced oxidative damage. A total of 184 and 50 differential metabolites were
obtained from CC vs. C and CF vs. F, respectively. There were five important co-metabolic pathways: glycero-
phospholipid metabolism, glycosylphosphatidylinositol (GPI) - anchor biosynthesis, arginine biosynthesis, sphin-
golipids metabolism and autophagy, indicating cell membrane fluidity and autophagy played an important role in
cold adaptation. A total of 184 and 50 different metabolites were obtained from F vs. C and CF vs. CC, respect-
ively. There were four important overlapping metabolic pathways: glycerophospholipid metabolism, glycosylphos-
phatidylinositol (GPI) - anchor biosynthesis, ABC transporters and autophagy, indicating energy and material
transport function, as well as autophagy played an important role in starvation stress of L. crocea. 126 differential
metabolites were obtained from CF vs. C, which were significantly enriched in glycosylphosphatidylinositol (GPI) -
anchor biosynthesis, glycerophospholipid metabolism, oxidative phosphorylation, starch and sucrose metabolism,
FoxO signal pathway, autophagy and glutathione metabolism, indicating cell membrane fluidity, energy metabol-
ism, autophagy and antioxidant systems played an important role in cold and starvation adaptation. The results
provide scientific basis for further study about the effects of low temperature and fasting on the physiological func-
tions of L. crocea.
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