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Abstract ; In order to study the changes in the metabolism of hepatopancreas of Macrobrachium nipponensis under
non-lethal doses of nitrite or ammonia stress, metabolite analysis was carried out by non-targeted detection of GC/
MS and LC/MS, combined with the methods of principal component analysis (PCA) and partial orthogonal least
squares discriminant analysis (OPLS-DA). After 2 days of stress by nitrite (0.5 mg-L™" in terms of N), 46 metabolic
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compounds with significant differences were identified, involving amino acid metabolism, fatty acid metabolism,
and glycerophospholipid metabolism. At pH=9.0, after stress (1.0 mg-L" in terms of N, i.e., non-ionic ammonia
nitrogen was 0.378 mg-L™), 52 significantly differential metabolic compounds were identified, involving tricarbox-
ylic acid cycle, amino acid metabolism, fatty acid metabolism and glycerophospholipid metabolism. The quantita-
tive test of the tricarboxylic acid cycle in the hepatopancreas of Macrobrachium nipponense was carried out in the
pH=9.0 ammonia (1.0 mg-L™") stress group. The results showed that the content of oxaloacetate in the hepatopan-
creas of Macrobrachium nipponense were significantly elevated at 12 h compared with the control group, but no
significant differences were detected at 24 h and 48 h..a-ketoglutaric acid in the hepatopancreas of Macrobrachium
nipponense were significantly elevated at 12 h compared with the control group, and decreased significantly at 24

h, but no significant differences were detected at 48 h. It may be concluded that the ammonia nitrogen (1.0 mg-L™)

stress lasting for 12 h at pH=9.0 will affect the tricarboxylic acid cycle.

Keywords : nitrite; ammonia; Macrobrachium nipponensis;, hepatopancreas; TCA; metabolism
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1 ##157 % (Materials and methods)
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157 : HPLC 2% H i (Sigma) , HPLC 27K (Sigma-
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FA), & 1% A5 0 47 4 R (TMCC) (1142 35) , 43
Hrafint i (Sigma-Aldrich 23 7)), 431 4l B 4803 iz £
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2 453 (Results)
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{1]

1 HZABIRE 0.5 mg- L' EHEHAME SRREBRHRBELESWERS (PCA) BHE
TE:C RFNIRYL NO, -5 RFEWAEHRER 05 mg-L B 5 d (3LH4L, NO, -3 RFEWAHLER 0S5 mg-L)BHa 3 d fsEial,
NO, -2 fRETMEREL0.5 mg-L)Hba 2 d (54, NO,-5-x NO, -3-x Fil NO, -2-x fCFH & A N IEATREA BIEE 1| 255 6 J2IT,
Fig. 1 PCA score plots of metabolites in Macrobrachium nipponensis hepatopancreas in control group and
experimental groups exposed to NO,-N (0.5 mg-L™")
Note: C is control group; NO,-5 is experimental group exposed to NO,-N (0.5 mg-L™") for 5 d; NO,-3 is experimental group
exposed to NO,-N (0.5 mg-L") for 3 d; NO,-2 is experimental group exposed to NO,-N (0.5 mg-L) for 2 d; NO,-5-x, NO,-3-x

and NO,-2-x is a parallel sample of each group, from the frist shrimp to the sixth.

A Mc
NO
2000 - Mo,
1500
1000 - / \
/ \ :
= 500 [ @c-) | NP2 @O %2>
=l [ C-3 \ | ON(),-1
£ " | ‘.iw_q | NO/-3@@NO.16
\E Lr 1‘ T I
o0 ~
S ] c2 | )
= =500 " o6 ! | |
| |
~1000 - '\ 1 |
[ \ [
/ \
—1500 \ / \ /
: \ / \ /
-2000 - N7 —@NO -4
-2500 : ; , i >
~1500 ~1000 -500 0 500 1000

1.00336%([1]
B2 HABIREZO0.5 mg- L' ERHERERHE 2 d 5, XWA S RAFRBRR L EWHIERZ R/ 5% (OPLS-DA) B4 E
TE: CARRX IR, NO, 1R F AR (0.5 mg- L) 2 d AYSEIRA, NO, -x J& LI ARG TATHEAS  BISE 1 55 6 BAT,
Fig. 2 OPLS-DA score plots of metabolites in Macrobrachium nipponensis hepatopancreas in control group and
experimental groups exposed to NO,-N (0.5 mg-L™") for 2 d
Note: C is control group; NO, is experimental group exposed to NO,-N (0.5 mg-L™") for 2 d; NO,-x is

a parallel sample of each group, from the frist shrimp to the sixth.
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0.5 mg L' WAYRREL A 2 d J& , H AT AT T IR AC
R B2 Z )= A T R 22 R miibE 3 d 55 d
A0 55 %6 BEZH DX A AN e HE 368 3 dJ5 d e,
FRAA I A Re, Bl S, XX BR2H (C-2d) AN
SCHGLH(NO, -2d) 47 B & MBI, FH IE A8 M fe /D —
3P 12 -4 1143 BT (OPLS-DA )X e it i A i A 1 1
— o AR DLIE] 2 AL 3, FORIETUR R RE SIS

2 0 02 04 06 o081
200 permutations 1 components
3 OPLS-DA 547 E (B 2) M HIIEE
0 R AR Bt 22, @ 3o B3 U #E
Fig. 3 Permutation test of OPLS-DA score plots (figure 2)
Note: R* stands for cumulative variance; Q° stands for

cumulative cross validity.

£1 0.5 mg-L'IAEEAELAMEAE (2 d) SMBARAE
BIFERBRR P EEEEERHNASTIE
Table 1

nipponensis hepatopancreas between 0.5 mg-L"'

Differential metabolites in Macrobrachium

NO,-2 (2 d) exposure group and control group
AR
Metabolic pathways

25 k]

Differential metabolites Trend

«—

LR R L-Leucine (Leu)
AWM L-Glutamine
fi% %2 L-Tyrosine
##i %R L-Lysine
225 R Serine
N2 L-Alanine
%2 L-Proline
H% R L-Valine
414 B2 L-Histidine
B R L-Cysteine
N2 R Phenylalanine
KA R L-Aspartic acid
FHH M L-Methionine
J1% 2 L-Threonine
2R L-Tryptophan
J7Hi Cadaverine
H4Z® Glycine

AR

Amino acid metabolism

e e e e e e e e > e e e e —

ATH T AF WASFRER A ZUN F A VR AR AT AR A 38 1 2 i 103
L%
AR 2R FERs]
Metabolic pathways Differential metabolites Trend
He AR AL 1ZE 2 Hexadecanoic acid i
Fatty acid metabolism il JRR Octadecanoic acid !
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\ ok T
B 1
-D-(+)-Mannopyranose
Carbohydrate metabolism
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IR AR
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feaai ik 2
ILPHIREUEES - vsopcai60) |
Lysophosphatidylcholines
LysoPC20:4) |
(LysoPC)
LysoPC(16:1) T
LysoPC(183) T
P PEQ22:6/0:0) |
SR T £ B e
i PEQ0:50:0) |
Phosphatidylethanolamine
PE(14:124:1) 1
(PE)
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(PC)
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, - AL = A
e e
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Glycerophospholipid
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metabolism
trimethylhomoserine
(DGTS)
WEARAR

PA(18221:0) 1
Phosphatidic acid (PA)

HiMlE Glyceride (DG) DG(22:6/0:0)

PS(20:5/0:0)
PS(22:6/0:0)
PS(22:6/0:0)
PS(20:5/0:0)

BRARIE 22 2R
Phosphatidyl serine
(PS)

— — — — | —

3-(6-F84E-2,5,7 8- = H -3 3-
TR I -2-35) N R 1
Alpha-CEHC

6 -l HE I Ak
3alpha-Hydroxy-6-oxo 1
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e R M FXMA S RIS, | RN T RO
AR,

Notes: T indicates increasing content compared with the control group;

| indicates decreasing content compared with the control group.
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3 138 ( Discussion)
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Table 2 Differential metabolites in Macrobrachium
nipponensis hepatopancreas between ammonia
(TAN=10 mg-L", pH=9.0, 2 d) exposure group

and control group

AARAC AR
Metabolic pathways

2= Pk

Differential metabolites Trend

«—

A HE LM L-Glutamine
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fi% % ik L-Tyrosine
NZR L-Alanine
Jifi %% L-Proline

2254 JR Serine
#i % iR L-Lysine
2k Z AR L-Cysteine
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L-f8 %R L-Tryptophan

B4R Cystine
AR
H %M Glycine
L- R4 %% L-Aspartic acid
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AR A
Amino acid
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2y

L-Threonine
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L-# 4% L-Methionine
M E D-(+)-Trehalose
Wb P 2 A
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B e T e e T e e e S e T e e e

B
Carbohydrate

«—
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AR Z SR s
Metabolic pathways Differential metabolites Trend
B R A FAME 2 Hexadecanoic acid 1
Fatty acid metabolism il JER Octadecanoic acid !
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I e e
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Notes: T indicates increasing content compared with the control group;

| indicates decreasing content compared with the control group.
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Fig. 4 PCA score plots of metabolites in Macrobrachium nipponensis hepatopancreas in control group and experimental
groups exposed to ammonia (TAN=1.0 mg-L", pH=9.0)

Note: C is control group; TAN-5 is experimental group exposed to ammonia (TAN=1.0 mg-L"', pH=9.0) for 5 d; TAN-3 is experimental

group exposed to ammonia (TAN=1.0 mg-L"', pH=9.0) for 3 d; TAN-2 is experimental group exposed to ammonia (TAN=1.0 mg-L"!, pH=9.0)
for 2 d; TAN-5-x, TAN-3-x and TAN-2-x is a parallel sample of each group, from the frist shrimp to the sixth.

[ [

A
] BraAN

1500 P —
1000

500

0]

1.29765%0[1]

-500

-1 000

-1500

S2000
-1500 -1 000 -500 0 500 1 000

1.05249%([1]
5 HABIFZSER(TAN=1.0 mg-L",pH=9.0) i}l 2 d /5, L0 A 53 5B A FFERBR K 5
HEWHE R ik /N 3% (OPLS-DA ) 557 Bl
TE . CRFX HRLL, TAN R R A(TAN=1.0 mg-L"' ,pH=9.0)}3# 2 d (524041, TAN-x R LI AL NI TFATREAS RIS 1 5548 6 RBIF,
Fig. 5 OPLS-DA score plots of metabolites in Macrobrachium nipponensis hepatopancreas in control group
and experimental groups exposed to ammonia (TAN=1.0 mg-L", pH=9.0) for 2 d

Note: C is control group; TAN is experimental group exposed to ammonia (TAN=1.0 mg-L"!, pH=9.0) for 2 d;
TAN-x is a parallel sample of each group, from the frist shrimp to the sixth.
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Fig. 6 Permutation test of OPLS-DA score plots (figure 5)
Note:R? stands for cumulative variance; @ stands

for cumulative cross validity.
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Fig. 7 The changes in the contents of oxalacetic acid and citric acid in Macrobrachium nipponensis

hepatopancreas at 12, 24 and 48 h in control group and experimental group (pH=9.0, TAN=1.0 mg-L")
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Fig. 8 The changes in the contents of glutamic acid and a-ketoglutarate in Macrobrachium nipponensis

hepatopancreas at 12, 24 and 48 h in control group and experimental group (pH=9.0, TAN=1.0 mg-L™")
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