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Abstract: Hydrilla verticillata, a common submerged plant in freshwater of China, has a certain adsorption effect
on heavy metals, which made it play an important role in water environment protection. Excessive lead accumula-
tion could affect the growth and physiological metabolism in plants, meanwhile, even cause plant death. As the as-
sociated metal of lead, zinc is one of the necessary elements of organisms, but when its content exceeds the micro-

demand required, it will cause a certain degree of damage to the body. Three hundred and forty-two primary me-
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tabolites in H. verticillata were detected by ultra performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS) detection technology. We explored the changes of the first metabolites and the metabolism activi-
ties in H. verticillata under 28-day stress of different concentrations of lead-zinc by univariate, principal part-related
analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA). The results showed that sin-
gle lead stress mainly increased the production of phenolic acids and saccharides in H. verticillata and inhibited the
production of lipids, which involved physiological processes such as phenylalanine metabolism, carbohydrate me-
tabolism and biosynthesis of secondary metabolites. It indicated phenolic acids and carbohydrates played a major
role in resistance under lead stress. While lead-zinc combined stress promoted the yield of amino acids, sugars, or-
ganic acids and lipids, and depressed the production of phenolic acids, vitamins and lipids. Single stress of zinc
mainly increased the production of amino acids, nucleotides, saccharides and organic acids, and inhibited the con-
tent of phenolic acids and lipid metabolites. The physiological processes relates to citrate cycle (TCA cycle), argi-
nine and proline metabolism, carbohydrate metabolism, biosynthesis of secondary metabolites, carbon metabolism
and ABC transporter metabolism. Amino acids, nucleotides, carbohydrates and other substances take protective ac-
tion on the body after subjected to external environmental stress, indicating that the body has carried out metabolic
regulation to combat stress. Compared with single zinc stress, high-concentration lead-zinc combined stress (Pb0.10
+7Zn2.00) mainly promoted to increase the content of phenolic acids, nucleotides, organic acids and lipids, and de-
pressed the production of amino acids represented by oxidized glutathione. In addition, the ultra-high concentration
of lead and zinc combined stress (Pb0.20+Zn4.00) mainly increased the production of phenolic acid (terephthalic
acid and calceorioside B), and inhibited the content of amino acids, nucleotides, vitamins and organic acids. Conse-
quently, phenylacetyl-L-glutamine, L-tyramine, p-coumaroylcaffeoyl tartaric acid, glucogallin and isosalicylic acid
O-glycoside could be used as metabolism markers in H. verticillata under lead stress, while 5-aminovaleric acid, L-
(+)-arginine and L-pyroglutamic acid could be used as metabolism markers in H. verticillata under zinc stress.
Keywords: lead; zinc; Hydrilla verticillata; hytotoxicity; metabolomics
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1 ##l57 % (Materials and methods)
1.1 gkt Rl K b2

TG A AL P RS 2R =2 B SE B 0
S, o RERNREERE TR EBAZ
7K, R J5 19 10% Hoagland & 37 ™" 17
B304k IR M (25+04) °C ,pH 6.5+0.2, )¢ 8 J& 1)
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PR PRI —8, B — R R dE T4 B (0 5
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(Zn2.00) . S21 (Zn4.00). S19 (Pb0.10 +Zn2.00), S25
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Table 1 The settings of treatment group
Pb>"/(mg-L™") o mgeL )
0.00 200(VZ& V class) 400>V >V class)
0.00 CK Zn2.00 Zn4 00
0.10(VZ V class) Pb0.10 Pb0.10+Zn2.00
020(>V >V class) Pb0.20 Pb0.20+Zn4 .00
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1.00

0.754

0.50

%
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0.004
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Similarity(Y,Y”)

1 XERA(S1) 5 Pbo.10 B—Kb3EZE (S4) R E RS
TE: (a)PCA M55 [&1; (b)OPLS-DA AR MR IE R
Fig. 1 Difference analysis of metabolites between control group (S1) and Pb0.10 single treatment group (S4)

Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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Fig. 2 Difference analysis of metabolites between control group (S1) and Pb0.20 single treatment group (S5)
Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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Fig. 3 Difference analysis of metabolites between control group (S1) and Zn2.00 single treatment group (S16)
Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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B4 B (S1)5 Znd. 00 E—KhIRA (S21) R EFR S

TE: (a)PCA 43 #1353 151 ; (b)OPLS-DA A 5k M EGIE K,
Fig. 4 Difference analysis of metabolites between control group (S1) and Zn4.00 single treatment group (S21)
Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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Fig. 5 Difference analysis of metabolites between Pb0.10 single treatment group (S4) and Pb0.10+Zn2.00

composite treatment group (S19)

Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.



4 4

[ 5145 . B3 (Hydrilla verticillad fESY ARG T A4 22015 411

5t XPBURE FEFT OPLS-DA 73 #7, 28 200 ¥ HE51 5K
B 00 UF (155 78 9 A4 001 560 L An 1] 5.(b) L L 6(b) T
R, QSR 0925 0953, F W T A UM 4f- . B
XN AR B R Y A @, 21 A Ao i AR
RYBHGHEMYRY M Q. RY Ml Q" H/h
TIHRIRBARLE) R Y F1 Q°, BIAH N B A B 2o A i
MLk, UL IZ AR 2

AR A4 22 53 Ui 128 B 14 (fold change =2 Y
fold change<0.5, H VIP=1), 5 Pb0.10 H— b 3§
ZAH L, Pb0.10+Zn2.00 2 A A4 A 75 B &

2D PCA plot
101 S5-2
S5-1
5 <4
- §25-1
X
@. 0 Group
= S5
S $25-2 $25
O
A 54
§25-3
~101 $5-3
15+
-20 -10 0 10

PC1(55.82%)

22 AR Y ; AR HE Pb0.20 PR — AL BRZH | Pb0.20 +
Zn4.00 B A5 EA A 87 N FEE R, 7
X 75 N H 87 2 S AR T, I 45 AR
2 AR, o A 31 AR I BT S
(fold change=2), 4% 5-Z F IR 5-A LI AR |
D-ij % B -6-T 1R . 28 JE TR | A A5 R ¥4 1M 1l i Tk
Hih(16:0)3F & HM WL A PR MR ; A 14
AR B 3 T I8 (fold change <0.5), 1 4%
SRR U R R R R AR U R AE I R 2 4k AR R
FAR T,

R*X=0.727 R*Y=0.999 (»*=0.953

0.81

041 : : @
*RY’

0.04

-1.0 -0.5 0.0 0.5 1.0
Similarity(Y,Y”)

6 Pb0.20 B—AbIELH (S5) 5 Ph0.20+Znd. 00 £ &5 40IR4E (S25) Rt £ RHHT
0 :(a)PCA 7145531615 (b)OPLS-DA A LR .
Fig. 6 Difference analysis of metabolites between Pb0.20 single treatment group (S5) and Pb0.20+Zn4.00 composite
treatment group (S25)
Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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Fig. 7 Difference analysis of metabolites between Zn2.00 single treatment group (S16) and Pb0.10+Zn2.00
composite treatment group (S19)
Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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Fig. 8 Difference analysis of metabolites between Zn4.00 single treatment group (S21) and Pb0.20+Zn4.00
composite treatment group (S25)
Note: (a) PCA score plots; (b) Permutation test of OPLS-DA score plots.
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