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(One-way ANOVA)IEAT £ (1) 41 [ 5 35 1 22 57
r, R =R R Bl P E T = R,
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M(5 b 17.36%)FIAG AL« AL S P (h EE15.83%).
22 ERKEMFIES TR

SR FH AR 543 AT R Thar 56 T Bk AT 9 2B ) 4 R
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Fig. 1 PCA (A) and OPLS-DA (B) score plots of metabolites in
the PGN and Ctrl groups of the outer membrane of M. coruscus
mantle after PGN stress

B, SRR PR, VRN, AL
Hk. HRP 3 ULARE IR — T He%; MM
) 3 BRI VUGIR . 1 0 £
M2 25 il . hepoxilin B3 & i g Mk A Bak .
HE P 2. 1% e R AR IR %

Rt 25 T R 2= R A B AR S T R K
Rt 2L, F)FH SDMAHE R KEGG D3k
TTIBES & £ M. N LA 4G 56 07 1 SDM T &
ERREHER . A 1398 SDMA 5.3 & 5 T 564
AR 2 (P<0.05). o, 1055 L SDME % &
E T 475 UHEES; 34F T IASDME 2 &£ T15%
RuiER. B SARR T LiASDME £ E i1
2056 AR IR B, K SBRER T T HSDMIE # & 41
P 154AHEH . mE ST, L iJHSDMAI T i
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Fig. 2 Taxonomic of the metabolites identified from the mantle of

M. coruscus
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Fig. 3 Statistical volcano of the metabolite differences in the
outer membrane of M. coruscus under PGN stress
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Fig. 4 Hierarchical clustering analysis of 50 SDMs with the highest VIP-value from M. coruscus mantel under PGN stress
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Red represents up-regulation, blue represents down-regulation, and the level of metabolite difference is described according to the color scale
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Fig. 5 Significantly enriched KEGG pathways for the differential metabolites from the mantle of M. coruscus under PGN stress
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Tab. 1 Concentration of free amino acids in the mantle of M.
coruscus treated by PGN stress (ng/g)

RILR AR X REZH PGN/E 21
Name of amino acids Control group  PGN stressed group

RAF W Aspartic acid ~ 137.71x17.22 247.84+27.32%

752 B2 Threonine 15.84+1.93 23.36+5.71
24 % iR Serine 40.65+6.41 51.67+11.81
A& R Glutamic acid 173.30+19.24 271.07+54.65%
H &M Glycine 106.8049.26 125.50+27.64
P& R Alanine 135.62+36.57 193.05+47.12
5 R Valine 13.98+1.65 16.62+2.27

F ik E R Cysteine 29.29+2.97 50.90+8.60%*
FE & B Methionine 7.38£1.17 10.03+1.97
e % fRIsoleucine 15.99+1.26 19.63+3.82
L& FRLeucine 17.39+1.65 22.30+4.11
fi% & R Tyrosine 26.76+3.02 35.59+9.13
K% MePhenylalanine  12.70+3.83 17.16+2.23
Hi &= R Lysine 52.99+5.86 57.71%11.43
41 % % Histidine 39.69+2.21 42.20+14.37
i 2 B2 Arginine 166.87+15.94 231.02+49.91*
A1 FR Taurine 2169.03£165.75  2898.70+498.62
JR#F Urea 1617.13+247.78  1892.13+233.03

= — %

Zji%i@% acid 9.76+1.32 9.9142.73
B it Cystathionine 7.44%0.80 8.19+1.69
B-H % K B-alanine 13.99+2.70 13.62+2.02
5% FZ Ornithine 39.67+2.39 49.13+8.45
FELIK Anserine 106.62+13.27 165.89+42.55

JE: "P<0.05, "P<0.01; F [f The same applies below
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Tab. 2 Antioxidant ability of M. coruscus mantle in the control
group and the experimental group

L bR pagicyil PGNJria 4
Antioxidant index Control group  PGN stressed group

I A S .
Catalase (U/g prot) 234043 6.03+2.85
A A Hydrogen *
peroxide (mmol/g prot) 0.35+0.06 0.23£0.05
A —f¥Malonaldehyde »
(nmol/mg prof) 5.41%£1.06 3.42+0.42
A5 e IO Jit it
Glutathione reductase 10.96+1.86 7.36+5.00
(U/g prot)
A B A
Superoxide dismutase 8.12+0.96 10.6842.05
(U/g prot)
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Fig. 7 Inhibition ratio (%) of M. coruscus mantle mucus against
Vibrio harveyi and Bacillus subtilis
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METABOLIC RESPONSE OF MYTILUS CORUSCUS MANTLE TO
PEPTIDOGLYCAN STRESS

YANG Zi-Lin, FAN Xiao-Jun, XIAO Wen-Hui, CAO Ping-Lin, ZHANG Xiao-Lin, YAN Xiao-Jun and LIAO Zhi

(Laboratory of Marine Biology Resource and Molecular Engineering, Marine Science and Technical College,
Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Mytilus coruscus is a shellfish with huge economic importance in China, and the mantle is an important
immune-related organ. To investigate the immune function of the mantle and its underlying mechanisms, peptidogly-
can (PGN) was used as a stressor, and ultra-high-pressure liquid chromatography-mass spectrometry technique was
employed to identify the composition and content of metabolites from the mantle at 48h of post peptidoglycan stress. In
addition, free amino acids, antimicrobial activities, and antioxidant activities of the mantle were analyzed and compared
between the control and stressed samples. The results revealed that PGN stress induced significant changes in mantle
metabolites, and a total of 486 metabolites with significant difference (SDMs) was identified, including 232 up-regu-
lated and 254 down-regulated SDMs (P<0.05). Among these, lipids and lipid-like molecules, organic acids and their
derivatives, and organo-heterocyclic compounds were the most prominent SDMs. KEGG enrichment analysis further
revealed that these SDMs were enriched in different pathways, showing a complex response of the mantle to the PGN
stress. Notably, the up-regulated SDMs were enriched in pathways related to cell signaling and amino acid metabolism,
while down-regulated SDMs were enriched in lipid metabolisms, vitamin related metabolisms, and autophagy. Gene set
enrichment analysis (GSEA) further confirmed the regulation of some SDMs and the enrichment of aminoacyl-tRNA
biosynthesis and autophagy-animal. In addition, free amino acid analysis also confirmed the up-regulation (£<0.05) of
certain amino acids, such as aspartic acid, glutamic acid, and arginine, in the mantle under PGN stress. Enzymatic acti-
vity analysis revealed an increase (P<0.05) of catalase activity and a decrease of hydrogen peroxide in the PGN stressed
mussel mantle. Interestingly, antimicrobial function analysis revealed that the mucus from PGN stressed mantle
presented stronger inhibition against Bacillus subtilis, indicating that PGN stress induce stronger antibacterial activity in
mussel mantle. These findings indicated that the mussel mantle may respond to PGN stress by enhancing immune
capacity, regulating inflammatory balance, and inhibiting cell autophagy. This study provides valuable insights into the
molecular strategies of mussel mantle in response to immune stress and offers a scientific basis for future efforts to
promote healthy aquaculture of mussels.

Key words: Mantle; Peptidoglycan; Immunity; Metabolomics; Mytilus coruscus
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