55 1 Vol.55, No.1
2024 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2024
(Mytilus coruscus)
%k
1 2 2 2 2 1
1,2 1,2
(1. 316022; 2. 316022)
) , 18 °C (CT)
26 °C (ST) 33 °C (HT) ,
LC-MS/MS , ,
, 2532 KEGG
) 29 , ST
HT
(Mytilus coruscus); ; ;
Q789 doi: 10.11693/hyhz20230900183
; ) ( , 2021)
(Jansen et al, 2007, S
Guo et al, 2020) , ,
(Sokolova

22 , 1~4 °C,
(Maulvault et al, 2018;
Alfonso ef al, 2021) , ,

(Smith et al, 2023)

b

* , 42076119 «“ ”
, E-mail: agsguo@163.com
: , E-mail: guobaobao2000@126.com

:2023-10-28

5 s

:12023-09-06,

”»

et al, 2012; Vasseur et al, 2014; Jacox et al, 2020),

, 2023SNJF065 ,



172

55

(Zippay et al, 2012; van de Pol et al,
2017; Zhang et al, 2020)

B

(Courant et al,
2014; Zhao et al, 2014)

R (Lankadurai et
al, 2013; Serra-Compte et al, 2019) Costa  (2008)
Gui (2016) (Perna
canaliculus) ,

(Gui et al, 2016) Yang (2019)

, (Pinctada fucata martensii)

, C45P25

5 5 Dumas
(2020)
(
) ( 5- ) s
( ) (Dumas
et al, 2020) (Mytilus coruscus)
, (2023)
DNA RNA
(Gotze et al, 2020;
,2023)

(Mollusca),

(Bivalvia), (Mytilida), (Mytilidae),
(Mytilus), >
; (
, 2007, , 2017, , 2019)
(
, 2015; , 2017; , 2021;
, 2022) )
, (
, 2020)
1
1.1
, (18+0.5)°C  100L
(1 g/m?), (18:30) ,
12h:12h, 25,
pH 8+0.2, (7£0.5) mg/L 18 °C
33 °C, 26 °C
18 °C,
(15~25 °C, 26 °C
) )
30 °C
, 12 h ,
1.2
, -20 °C ,
(L_2_ s



1 : (Mytilus coruscus) 173

0.06 mg/mL) , 4:1
R 60 Hz
( 2 min),
(10 000%g, 4 °C, 10 min),
-20 °C 2 h,
(10 000xg, 4 °C, 10 min),
, 0.22 pum
( ) 6
6 )
1.3 LC-MS/MS
LC-MS/MS ( )
UPLC QExactive 10
QC LECO ChromaTOF4.
33x LECO-fiehnRtx5
Zhang (2021)
14
LC-MS/MS ,
Thermo Fisher Scientific Compound
Discoverer 3.1
BMDB ( )
mzCloud HMDB ChemSpider LipidMaps KEGG

(Precursor Mass Tolerance) < 5 ppm (Part Per
Million, ),
(Fragment Mass Tolerance) < 10 ppm,
(RT Tolerance) <0.2 min,

Compound Discoverer 3.1 ,

metaX log,
Pareto scaling ,
Pareto scaling PCA (
) OPLS-DA (
) SIMCAl4 (Umetrics, Umea, )
OPLS-DA , PCA
« /
) PLS-DA VIP  (Variable

Importance in the Projection, VIP>1)

T

(Student’s T ), FC (fold change)

, P>0.05

KEGG
P<0.05
2
2.1
PCA ,
95% ,

CT-18 VS ST-26 CT-18 VSHT-33  ST-26 VS HT-33

B

26.17% 17.28% 26.26%
22.61%  18.26% ( 1la);
, CT-18 VS ST-26 CT-18 VS HT-33

ST-26 VS HT-33

13.73%

, 27.04%  16.93%
27.25% 14.28% 23.94% 17.31% ( 1b),
PLS-DA ,
PLS-DA
, CT-18

VS ST-26 CT-18 VSHT-33  ST-26 VSHT-33 R2

Q2 0.98 -0.77,0.98 —-0.69,0.98

—0.67 ( 2a); , CT-18 VS
ST-26 CT-18 VS HT-33  ST-26 VS HT-33 R2
Q2 0.98 -0.810.99 -0.74 0.98
~0.80 ( 2b), ,
2.2

s CT-18 ST-26 HT-33
CT-18 HT-26 ST-26 HT-33

E >

CT-18 VS ST-26 732 ; CT-18
VS HT-33 539 ; ST-26 VS HT-33
496 , CT-18



55

174
a -~ CT-18 - ST-26 - ST-26 - HT-33
~__ | 100 —~
< 50+ \ ~_ < S . \
© o 5 S L /
o \ "\ s\ \ 2 g J
N 0r \ \\:' . o ® (/—— —
pos - = e —
LN> 4 l . ) 8 S ok // — = // , //
& 5oL R e a a [ ( o 'ﬂﬁ/'/,, —
\ 50| A
N /
-100 - L — L h el 1 I L
-50 0 50 -50 0 50 100
PC1 (26.17%) PC1 (26.26%) PC1 (22.61%)
b -~ CT-18 - ST-26 - CT-18 - HT-33 - ST-26 - HT-33
50F 60 —
— \ e N
* < 25 / ] - -
s X - - —~/_ S 30t / ‘
5 2 8 e 5 | .
neg £ 0 c 0 N a S O
g 8ol N g | & A
a -25 o -25¢- ‘ S / o 30} -
-50 | | L =50 \ — | | -60 L — | L
-40 0 40 -40 0 40 —40 0 40
PC1 (27.04%) PC1 (27.25%) PC1 (23.94%)
1 , PCA
Fig.1 PCA score plots of metabolites from digestive gland tissues of M. coruscus in experimental and control groups in positive and
negative ion mode after heat stress treatment
sa. PCA ; b. PCA
a
-»- CT-18 - ST-26 —»- CT-18 - HT-33 -~ 8T-26 - HT-33
60 F 60F
—~ 30F 40 —~ 30
X = R
< X N
™ © ~
w gL st w  0F
= w 0OF =
3 N o
N
& 3k 8 a -30
_40 -
60+
60 1 i I I I I 1 i I I | I I
-50 25 0 25 50 -60  -30 0 30 60 -50 25 0 25 50
pos PC1 (25.68%) PC1 (24.86%) PC1 (21.06%)
R2=(0.0, 0.98 ), Q2=(0.0, -0.77 ) R2=(0.0, 0.98 ), Q2=(0.0, -0.69 ) R2=(0.0, 0.99 ), Q2=(0.0, -0.67)
fo------- ¢---—- - - 2he------- *--—-——--- *------ - Che-—----- *---—--- - -
© _m
as '] P - - _-n [To)
o n ’,I" I/—‘—‘ ST i I ",I’
PR = ,,f’l ] .-
17} X e e -0
i I i I L .
w m N o .
o = Si--
2la - i _I I
[ [ H
- u ® R2 ol™ * R2 o | e R2
] - d [ ]
L{N-)j 1 1 1 |.Q2| (\IIF 1 LI 1 |.Q2| Ti 1 m 1 |.Q2|
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
BXRARY ER A ERRH



1 : (Mytilus coruscus) 175

b + CT-18 -« ST-26 o CT-18 = HT-33 o ST-26 -« HT-33
a0t AN AN L
o5~ _ %
s 9 2
3 3
2 - & S o-
~ ® 0F A
g g T 25
\ 251 \
) AN AN
401 I I L 1 [ 1 -50 i | L |
-20 0 20 -25 0 25 -40 -20 0 20
PC1 (24.53%) PC1 (27.06%) PC1 (21.15%)
neg
R2=(0.0, 0.98), Q2=(0.0, —0.81) R2=(0.0, 0.99), Q2=(0.0, —0.74) R2=(0.0, 0.98), Q2=(0.0, -0.80)
fo - ¢ .- . Sfe--——-- REEEEEE °*------ - —fo——--- Cy—— P -
0 L] . .=
ol I,,—" m P . =
L ’,,”I o] ’,f’l O H ’_,_I"
L -~ o -7 N Eide ]
TIN-- .- m -
i LN o
© 7] I
And [ |
I ! u " '! ] Nr E
i . * R2 Sly e R2 ] * R2
(o] AN
oL, om, o, |"® e "o op "
00 02 04 06 08 10 00 02 04 06 038 1.0 00 02 04 06 08 1.0
BRARE HBERARE ERARH
2 PLS-DA
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METABOLOMICS OF THE DIGESTIVE GLAND OF MYTILUS CORUSCUS UNDER
HIGH-TEMPERATURE STRESS

GUO Feng', WANG Yu-Xia’, DONG Zhen-Yu’, YAO Rong-Hui®, WANG Wei-Feng?,
YE Ying-Ying', YAN Xiao-Jun"?, GUO Bao-Ying"?
(1. National Engineering Research Center for Marine Aquaculture, Zhoushan 316022, China; 2. College of Marine Science and
Technology, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract With the continuation of global warming, the problem of ocean warming has been gradually intensified, and
high temperatures seriously affect various life processes of marine organisms. However, studies on how marine bivalve
mussels cope with heat stress remain insufficient. A metabolomic analysis of digestive gland tissues of M. coruscus under
acute heat stress was carried out at 26 °C and 33 °C against the control at 18 °C, to study the metabolic responses.
LC-MS/MS technology was used, and differential metabolites were screened and analyzed for changes in relevant
metabolic pathways. A total of 2 532 metabolites were identified in the digestive gland. KEGG enrichment analysis was
used to explore potential metabolic pathways of differential metabolites, and 29 metabolic pathways were significantly
enriched. Compared to the control group, the 26 °C group showed significant enrichment in taurine and hypotaurine
metabolism, neuroactive ligand-receptor interaction, sphingolipid metabolism, and retinol metabolism, while the 33 °C
group showed significant enrichment in the metabolisms of tyrosine, linoleic acid, alanine, tryptophan, phenylalanine, and
phenylalanine. Results indicate that the digestive gland of M. coruscus responds to heat stress by mainly regulating
tryptophan metabolism, tyrosine metabolism, sphingolipid metabolism, phenylalanine metabolism, oxidative
phosphorylation, and degradation pathways of fatty acids and lysine to help maintain internal environmental stability. This
research provided a theoretical basis for exploring the adaptative evolution of M. coruscus against temperature changes in
the environment from multiple perspectives.

Key words Mytilus coruscus; digestive gland; high-temperature stress; metabolomics



