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Table 1  Sample specification of red M. meretrix

1 MHE5RFE

1.1 #R5i&it

SEUS T SR N VT IR A SCIR R AN 3 BB 4 3
WS H AR L1 SO FRE R TR SR (D 4D AR i R 57
CH 20 5 Fh s 20, 52 56 b S 07 F YL A 8 Rl R
BEA Y, WIEDYE G 3 -5 m SRy U4 A T A
SCUG IR E (IR BE 50 J7 /667 m®) , DL HR K B4
f£0.5- 1.0 m, IR IE R K X FRH R HEF (Ex-
opalaemon carinicauda) FPUF (FEFH B FE N 1 - 1.5
kg/667 m®) , AR S FA — S (pH fH N 7.6 -
8.00, HHM D AW HE 3 M FAT,. 43¢ 4 H iy
WS E A9 A G BORE B RAS In3R 1 P,
M3t 3 B A AR - 5 1o B BE AL B 30 N6 R AT
P LT SCUE 2B 2 ASAF & B 21 SCUG AR 1 DK T g )
BRI o IR B, T VR &L R TR T — 80°C AR
TR VKA DR AE 2 FH 5 5 R 30 UL PR VR A P T 00 2 e B 1R
ME., FREBCEES IEMA 5% =& M. T ¥ FHL
(FSH-2A, ¥ N L RESL AR T O BB IF o 45 & 25
mL . PR E 20 min J5 . FE 2 b U2 B 4K
UELHC 1 mL WL 0 10 min (4°C,10 000 g)

WA BB 5 VR R P e 2S8R (5 1 AL S i TR L A
G

IR AL 5K (mm) 7% 9% (mm) 5% (mm) R H ()
Culture mode Shell length (mm) Shell width (mm) Shell height (mm) Grain weight (g)
Mixed culture (H) 32.241+2.96 14.86 % 1. 24 26.95+2.21 8.80+2.20
Single culture (D) 31.12+2.66 14.81+1.30 26.39+2.30 8.33+2.13
1.2 A 1.2.2 LC-MS 4@
1.2.1 Rt 1% 25 1 < A SR FH O (3% A (FE 3R % Ther-

K B AR BURE 5 (100 £ 0. 02) mg & 5 mL EP &
HFLMA 1 mL HEHRBR (75 % BB - =9 1,
25% ddH,O), B A 3 5589 Bk , T 41 LBk 5 A 50
Hz WFE% 1 min, E L IREAE 2 k. 5 0 2
B¢ 30 min, ?K Fi & 30 min,12 000 g & .0 20 min,
B S 650 pl & 2 mL B0, B a8 Wk 4 A0k
i )G A 200 pl. 50% Z BE IR B 4 mg/L 2-5
RN RIRV W B RFES , 223t 0. 22 pm 3L 38, 75 5]
I

mo Vanquish) ,ffi il ACQUITY UPLC HSS T3 1.8
pm (2.1 mm X 150 mm) @354, [ 33+ 25 5 B %
A 8°C L, LA 0.25 mL/min AYJLEE .40°C A FEIR , JEFE 2
p L HEAT B BE VR, R B A R IE B F 0. 1% B R K
(A2)- 0. 1% W B Z M (B2) , 1B ¥ 5 mmol/L H &
K (A3 -2 NE (B3) . B EEVEBAE)F v 0 — 1 min,
2% B2/B33;1 -9 min,2% —50% B2/B3;9 - 12 min,
50% — 98% B2/B3; 12 — 13. 5 min, 98% B2/B3;
13.5-14 min,98% — 2% B2/B3;14 — 20 min,2%
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B2-1E#E,14 — 17 min,2% B3-fifiz,

T3 45 A - A ES A 35 A (FEBR K Thermo Q
Exactive Plus) , LI 55 & F Ji (ESD) , iE (Positive,
PDS) .t (Negative, NEG) B ¥ L 8 #5  , 1F B 7 i
ZHER 3.50 kV, 1 B F Wi % H RN 2. 50 kV, #H
R 30 arb, #i B R 10 arb, BUIE R 325°C ., LI4r ¥
.70 000 HEAT 2 HMIEE m/z 2 81 -1 000,
IR EEE S A% (HCD) #E4T — 20 2L, Bl 48 1R
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\YSEEPS
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Fig.1 Scatter diagram of hepatopancreas metabolite spectra of red M. meretrix
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Fig.1 Scatter diagram of hepatopancreas metabolite spectra of red M. meretriz (continued figure)
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Table 2  Evaluation parameters of PLS-DA and OPLS-DA
model
A
Model comparison Ton mode X Y
PLS-DA Dvs H Positive 0.557  0.998 0.938
Negative 0.573  0.996  0.925
OPLS-DA Dvs H Positive 0.557  0.998 0.861
Negative 0.573  0.996  0.859

Note:R% and R% represent the interpretation rate of model; Q* repre-

sents the predictive ability of model
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Fig. 5 Schematic diagram of the relationship between key differential metabolites on major metabolic pathways
®3 KEGCHEEEHEER
Table 3 Results of KEGG pathway enrichment

‘ - R B
KEGG i # R EE Influence W 1D 5 R B
KEGG Number of value of SN
. . Pathway ID Metabolites included
pathway metabolites metabolic
pathway
. . L-aspartic acid 4 , L-asparagine # , Adenylsuccinic acid v »
Alanine, aspartate and 8 0.755 k000250 [-alanine ¥ » L-glutamine A . L-glutamic acid A + y-ami-
glutamate metabolism . ; - .
nobutyric acid # , N-acetyllysine A
D-' arginine ar}d D - orni- 3 0.500 k000472 ZToxoarginine ¥ »5-amino-2-oxopentanoic acid } , L-argi-
thine metabolism nine #

- . B L-arginine # , Creatine 4 , 2-oxoarginine ¥ , y-aminobutyric
Arginine and proline me 9 0.413 k000330 acid X » L-proline A , Ornithine 4 , L-glutamic acid A » L-
tabolism . . .

glutamic y-semialdehyde * ,5-aminopentanoate 4

. . o L-arginine } , L-glutamine 4 , N-acetylornithine v , L-glu-
Arginine biosynthesis 6 0.347 k000220 tamic acid * , L-aspartic acid 4 , Ornithine 4
Glutathione metabolism 5 0.286 k000480 GlutAathioneT . L-glutamic acid * , Pyroglutamic acid v »

Ornithine 4 , Ascorbate 4
D-glutami d D-gluta- L .
mi:;ﬁ?};ﬁzm gluta 2 0. 262 ko00471 L-glutamic acid 4 , L-glutamine 4
P‘antothengte and CoA 4 0. 243 k600770 Pantothenic acid 4 , L-aspartic acid # , Uracil 4 .2-dehydro-
biosynthesis pantoate A
Pyrimidine metabolism 5 0.225 k000240 UMP 4 ,L-glutamine  ,CMP 4 , Thymidine v , Uracil 4
Phenylalanine, tyrosine Quinate 4 ,N-(5-phospho-D-ribosyl) anthranilate ¥ , Pre-
and tryptophan biosyn- 6 0.218 ko00400 phenate # , L-phenylalanine ¥ , 3-dehydroshikimate 4 , L-
thesis tryptophan 4

Note: 4 and v indicate up-regulation and down-regulation, respectively
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F4 AMHFEEXTLAXHRSERUESER
Table 4 Determination results of amino acids in red M. mere-

trix under two different culture modes

Amino acid

H %4 (mg/g)
Group H (mg/g)

D % (mg/g)
Group D (mg/g)

Asp 187.10+4. 34 162.50 £ 4,08 x *
Glu 727.54+5.37 704.22+9.14 *
Ser 12.06 £ 0. 26 12.55%0.63
His 37.60+0.93 32.60+0.75 % *
Gly 545.87+7.11 532.09+4.01
Thr 173.36+1.66 135.52+1.66 % *
Arg 521.95+4.17 470.94 5,46 * *
Ala 1 250.47 £23.93 1399.69+28.71 * =
Tyr 55.68+2.11 54.81+2.06
Cys 7.10£0. 64 7.41£0.40

Val 69.81+2.15 69.24+1.75
Met 35.15+2.87 42.46+3.13 % *
Phe 49.20+1.11 54.20+0.96 *
Ile 51.78+1.87 52.27+2.95
Leu 71.78+1.25 63.55+3.03
Lys 101.65+1.35 99.26+1.68
Pro 53.59+2.55 71.26+2.92 % *

Note: * indicates significantly difference (P <C0.05) and * * indi-
cates extremely significantly difference (P <C0.01) between group H

and D in the same row
3 itig
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Study on Metabolic Differences of Red Meretrix meretrix under
Two Culture Modes

WU Yangping,CAO Yi,CHEN Aihua” " ,ZHANG Yu,CHEN Suhua,ZHANG Zhidong

(Jiangsu Marine Fisheries Research Institute, Nantong,Jiangsu,226007 , China)

Abstract: In order to explore the metabolic differences of red Meretrix meretriz under different culture
modes,the red M. meretriz in monoculture ponds (group D) and shrimp-clam polyculture ponds (group H)
were taken as the research objects, the metabolomics analysis was carried out by experimental ecological
methods and Liquid Chromatography Mass Spectrometry (LLC-MS) technology. The results showed that a to-
tal of 151 differential metabolites were selected under different culture modes, and 9 metabolic pathways
(P<C0.05,IP>>0. 2) were obtained by Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway annota-
tion. These pathways were related to the metabolic synthesis of amino acids and their derivatives, among
which glutamic acid,aspartic acid and glutamine involved in multiple metabolic pathways were the key differ-
ential metabolites. The results of amino acid verification showed that there were differences in amino acid
content between the two culture modes, which were basically consistent with the results of metabolomics
study. The amino acid metabolism level of M. meretrix in polyculture mode is better than that in monocul-
ture pond. Different culture modes may affect the immune and antioxidant capacity of red M. meretriz by af-
fecting the amino acid metabolism. The above results can provide theoretical reference for the study of meta-
bolic response mechanism of M. meretrix under different culture modes and the construction of scientific and
healthy culture and culture mode.

Key words: culture modes; red Meretrixz meretriz ; LC-MS; metabolome; multivariate statistics; differential

metabolites;differential metabolic pathway;amino acid
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