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Metabolic damage mechanism of different concentrations of PFOS on Arabidopsis thaliana leaves

ZHANG Yue', LIU Xiaowei', ZHANG Yanwei', ZHANG Jingran®, LIU Bingjie

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Shanghai SCIEX
Analytical Instrument Trading Co., Ltd., Shanghai 200335, China)

Abstract: Information regarding the toxic effects of high concentration of perfluorooctane sulfonates (PFOS) on plants cannot be used as
the standard for determining the toxic effects of low concentration of PFOS on the environment. Moreover, the various toxic effects of
different levels of PFOS are still not clear. To better understand the toxic effects of different concentrations of PFOS on plants, a high—
throughput non—targeted metabolomics technique was used to study the metabolic effects of different concentrations of PFOS on Arabidopsis
thaliana. Several differential metabolites were screened through sterile pot experiments using exposure and control groups. Data were
analyzed statistically using methods, such as PCA, OPLS-DA, VIP, and i—test. PCA analysis showed significant separation between the
high and low exposure groups. 11~24 bhiomarkers were found in the low—exposure groups (0.1 mg+L" and 1 mg-L™"), whereas 23~29
biomarkers were found in the high—exposure groups (5, 10 mg- L™, and 20 mg+L™"). The disturbed metabolic pathways in the low exposure
group were phenylpropanoid biosynthesis in oxidative stress and sugar metabolism in energy metabolism, whereas the disturbed metabolic
pathways in the high exposure group were amino acid metabolism; unsaturated fatty acid, aminoacyl tRNA, phenylpropanoid, cutin,

suberine, wax, fatty acid, and canola glycerol biosynthesis; and a—linolenic acid and sulfur metabolism. This study revealed that high and
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low levels of PFOS caused different metabolic toxicity in Arabidopsis thaliana leaves, and Arabidopsis thaliana initiated different metabolic

defense mechanisms against different concentrations of PFOS. The results provide theoretical basis for studying the toxic effects of different

levels of perfluorinated compounds on the environment.

Keywords : metabolomics; Arabidopsis thaliana; perfluorooctane sulfonates(PFOS); ecotoxicity
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Figure 1 PCA score plot according to the metabolic
characteristics of Arabidopsis thaliana leaves exposed to PFOS at

different concentrations
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Table 1 Biomarkers in Arabidopsis thaliana leaves of experimental groups with different PFOS exposure concentrations
S s B T4 VIPA Y e 3%
Group No. English name Chinese name VIP value  Trend Class
0.1mg-L" 1 (7)-Palmitoleic acid FEA R 1.18 T#  C08362 fig
2 1-0-Sinapoyl-beta—D—glucose 1.56 T CO1175  ZRINHEZHK
3 4-Methoxyglucobrassicin ERE R Sy P TRE 5.05 Tk C08423  JFTMAT
4 Adenylosuccinate B R B AR 1.02 T#% 03794 iR
5 Cis—Zeatin i AR 1.05 T#  CI5545 HHPIMEE
6 Coniferyl alcohol PRI 1.29 T C00590 HNZEAK
7 D-Gluconate H AR 1.78 L*  €00257 LLES
8 Neoglucobrassicin 11— F 4R 5 - 3— M I o FFY A £ C s A At S 4 2.36 T C08424  FFFimif
9 Pantothenic acid 2R 1.05 T#  C00864  HiAFE
10 Raffinose it 1.14 T#  €00492 e
11 Trans—Zeatin R FERE 1.05 T C00371 AHMMEZE
1.0mg-L" 1 12-0x0-PDA 12 A IR TR 1.34 L# 01226 i
2 1-0-Sinapoyl-beta-D-glucose 1.06 Tk Q01175 ERNEL
3 4-Methoxyglucobrassicin 4-F A L S R 3.69 T C08423  FF UM
4 5—Methylsufinylpentyl nitrile 2.82 L o#x ST Fh
5 5-Methylsulfinylpentyl glucosinolate 2.23 Tk (08400  FFFMIAF
6  7-(Methylsulfinyl heptyl glucosinolate 2.74 1wk IEFhE
7 8—Methylsulfinyloctyl glucosinolate 5.31 Tk C17271  FFFImF
8 D-Fructose D(-)-Spik 1.02 L#6 002336 bk
9 D-Galactose FUEE 1.02 L# 000052 Bk
10 D-Gluconate AR 1.45 L#6 000257 Bk
11 D-Glucose A 1.02 L#6€00031 LB S
12 D-Mannose R M 1.02 L# (00936 {2
13 Galactinol WUREA U2 T 2.74 T#6 €01235 LLES
14 Glucobrassicin e ST 5.15 Tk C05837  FFTMAR
15 Glucoiberin J f AT 1.41 Tk CO8411  FF TR
16 Glucoraphanin B M 6.57 Tk C08419  JFTFmAT
17 Kaempferitrin Iz 2.02 L= C16981 BT
18 Leucrose B B 2.74 1k iz
19 Myoinositol JULpEE 1.02 L# 000137 S
20 Neoglucobrassicin 1= AU -3 WL FR LI AR A A 25T 4.63 T C08424  FFFIAT
21 Wik 3R 3RS 7- B T 1.12 T (19796 B
22 Rutin P 1.12 T#xC05625  HEHE
23 Sucrose fjiRiiES 2.74 T 00089 S
24 Trehalose TSRS 2.74 T C01083 iz
50mg- L7 1 6—(2Methoxybenzylamino ) purine—9- 1.24 L WY EZR
beta~D-ribofuranoside
2 Adenosine JiE 1.25 L= coo212  #iTER
3 Camalexin 1.49 L+ 21721 Foflh
4 D-Fructose D(-)-Hh 2.96 L# 0 €02336 VB
5 D-Galactose RSN =S 2.96 L #% €00052 Wik
6 D-Gluconate CiEeliEs 2.96 L#xC00257 i
7 D-Glucose CikL RS 1.06 Tk C00031 Wik

W 1O R, LR, 25 B3 (P<0.05) 225 B3 (P<0.01) o
Note: T represents up—regulation, | represents down-regulation, * represents significant difference (P<0.05) , ** represents extremely significant
difference(P<0.01).
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Continued table 1 Biomarkers in Arabidopsis thaliana leaves of experimental groups with different PFOS exposure concentrations

S S P L& VIP{E L iES
Group No. English name Chinese name VIP value  Trend Class
8 D-Mannose HEgpi 2.96 L#€00936 eSS
9 Glyceraldehyde HhEE 1.14 L#e 002154 JiEA
10 Indole—3—carboxylic acid beta—D— 2.13 | LS
glucopyranosyl ester
11 Isopentenyladenine—9—glucoside 1.41 T YR
12 Kaempferitrin IS 7.53 L C16981 AR
13 Kaempferol 3-galactoside—7-rhamnoside 2.95 L= c21854 B
14 Kaempferol-3—o-rutinoside DA -3-0- 25 FH M 2.95 L 21833 B
15 L~isoleucine S E R 1.09 Tk 00407 LR
16 L-Lactic acid L-FL#% 1.14 L 00186 AAHLER
17 L-Leucine SEER 1.09 Tk C00123 AR
18 Myoinositol L 2.96 L#% 00137 S
19 Nicotinic acid AR 1.44 Tk 00253 4iEER
20 N-Succinyl-LL-2,6— 1.35 L co4421 GRS
diaminoheptanedioate
21 Quercetin 3, 7-di-O-alpha—1— i -3, 7-——0- Rt 2.95 | pES
rthamnopyranoside
22 Scopoletin IR R N R 1.01 T CO1752  ZRNZEHK
23 Threonic acid iy s 1.01 1wk HHLER
10.0 1 (Z)-Palmitoleic acid R 1.26 T#% 08362 g 5
Tl 2 13S-Hydroperoxy-9Z, 11E, 157~ 1.09 T#% C04785 HE
octadecatrienoic acid
3 4-Hydroxysphinganine TP 1.35 T+ Cl2144 fig
4 6—(2Methoxybenzylamino ) purine—9— 1.51 } TP
beta-D-ribofuranoside
5 6,9-Octadecadienedioic acid 1.09 if e Jig 5t
6 Adenosine Pt 2.17 L= co0212  BETFRR
7 Arabidopside A 1.36 L HAh
8 Arabidopside B 1.26 L HAh
9 Chlorogenic acid LRI 1.57 Tk C00852  AENZER
10 Coniferyl alcohol /N[ 1.62 Tk C00590  AENZERK
11 Indole—3—carboxaldehyde 35| e F g 2.50 L*  C08493 g i
12 Indole=3~carboxylic acid beta-D— 2.17 I e g i
glucopyranosyl ester
13 Kaempferitrin ISt 5.90 L% 16981 S
14 Linoleic acid VAT 2.23 1%  C01595 i
15 Linolenic acid a- kTR 3.04 T# 06427 fg
16 L-isoleucine SsE IR 1.60 Tk 000407  AKERRAK
17 L-Leucine SEARIR 1.60 Tk C00123  AHEEMRAK
18 L~Phenylalanine RNER 1.56 Tk C00079 AR
19 L~Proline IR 1.59 Tk C00148  AHEEMRA
20 Neoglucobrassicin 1= FH A -3 - W L FH LG AR A Wi 1.33 Te C08424  JEFMTY
21 N-Succinyl-LL~2, 6~ 1.68 L* Co4421  EIEERE
diaminoheptanedioate
22 Octadecadiene—1, 18—diol 1.45 i s g5
23 Oleic acid IR 1.45 Tt C00712 JIg 5
24 Palmitic acid AR 1.99 T#  €00249 BRI
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Continued table 1 Biomarkers in Arabidopsis thaliana leaves of experimental groups with different PFOS exposure concentrations

B G ok B T Y ="
Group No. English name Chinese name VIP value  Trend Class
25 Scopoletin IR R g 2.15 Tk CO1752  ZRNZEZE
26 Scopolin AREFEIR 1.57 Tk CO1527  HNEE
20.0 1 (Z)-Palmitoleic acid AR 1.38 T#% (08362 g5
mg-L"! 2 1,6-Anhydroglucose 1.10 T#% (22350 iz
3 18-Hydroxyoctadeca—9Z, 12Z~dienoic 1.02 I =100
acid
4 4-Hydroxysphinganine iLY/EEERN 1.43 = Cl12144 B
5 5—Methylsufinylpentyl nitrile 3.59 L #* ST Fm
6 Adenosine Jlt 1.01 e co0212 B
7 Arabidopside C 1.87 T #% HAh
8 Camalexin 1.43 L 621721 FoAth
9 Chlorogenic acid LRI 1.74 Tk C00852  AENZER
10 Coniferyl alcohol /N[ 1.90 Tk C00590 ANZER
11 Indole=3—carboxaldehyde 35| Wi F s 2.12 L C08493 LIS
12 Indole—3—carboxylic acid beta—D— 1.74 § LIS
glucopyranosyl ester
13 Kaempferol 3—galactoside=7-rhamnoside 3.05 T#% (21854 RIS
14 Kaempferol-3—o-rutinoside 1AW -3-0- =AY 3.05 Tk (21833 IS
15 L~(-)-Malic acid SRR 1.97 T C00149  HHLER
16 Linoleic acid R 3.29 T#%  C01595 Ji& ¢
17 Linolenic acid a— P JFRTR 3.45 Tk 06427 g
18 L-isoleucine LA 1.65 ToHx C00407  EIERRYS
19 L-Leucine SERIR 1.65 TaxC00123  AAMRIE
20 L-Phenylalanine RINAR 1.45 1 C00079 BIEFRZAE
21 L~Proline IHERVA 1.87 Tk C00148 SRR
22 L—Serine 22 8B 1.07 THxC00065  HIERRZK
23 Neoglucobrassicin 11— H 4R - 3| W 5k Y L i A A A A2 1.38 Tk C08424  FFFIMAF
24 Nicotinic acid HHAR 1.50 T# C00253  HiER
25 Octadecadiene-1, 18~diol 1.57 1 ok =95
26 Oleic acid AR 1.57 T#x€00712 B 5
27 Quercetin 3,7-di-O-alpha-L- Wit Kz 253, 7- -0 R 2SR AT 3.05 IS K
rhamnopyranoside
28 Scopoletin IR R N R 2.38 TH#% CO1752  ZRNZESK
29 Scopolin REHEK 1.74 Tk C01527  WNZERE

Yyl 2 I i 2 B 2 KR AR X ] iR A
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A2 PR A QAL 5 OB R | — R IR G PR ARG 15 55
YRR E VI ™), b n] W, B PFOS %
e T B R T e, LR T I A R R M ) S B PR RS A

PFOS TR A T5 0 T, A2 ih ZRh i K AL & W1 KCF K
HEARAR AT BB SR A SRR AR A P A0 i L 3 3 0
M 52 Ve R . ATIRTE PFOS I 58 T L 2L FLIHA
R B FRE R A RO i BB . ARZE
PIbia T, FURH R 5 32 B0, X AT R 7L
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Figure 2 Effects of different concentrations PFOS exposure on metabolic pathway in Arabidopsis thaliana leaves
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