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Impact of di-n-butyl phthalate (DBP) on the metabolite composition of the Chinese flowering cabbage based

on non—targeted metabolomics

TANG Chongjie"?, XIAN Chenjie', CHEN Menghua'*

(1. Zhanjiang Eco—environmental Technology Centre, Zhanjiang 524000, China; 2. Zhanjiang Solid Waste Pollution Prevention and
Control Centre, Zhanjiang 524000, China)

Abstract: To study the impact of di—n—butyl phthalate (DBP) on the metabolite composition of the Chinese flowering cabbage, this study
analyzed the differences in the metabolites and their pathways in the different tissues of the Chinese flowering cabbages under DBP stress
based on non—targeted metabolomics; principal component analysis and partial least squares—discriminant analysis were used. The results
showed that there were 105 different metabolites in the different tissues of Chinese flowering cabbages under different DBP concentrations,
which are mainly distributed in 36 metabolic pathways. There were three metabolic pathways (P<0.05), namely tryptophan metabolism,
phenylalanine metabolism, and butanoate metabolism. Our results indicate that the effect of DBP on the metabolite composition of the
Chinese flowering cabbage is directly reflected based on non—targeted metabolomics and provides a scientific basis for the further
development of targeted chemical regulators on the key pathways of crops under DBP stress.
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SR — H g5 (Phthalic acid esters, PAEs)#%) 72
N FEATEN, IR A RS, JLH PAESTEN
B YRR AR SURME rh B  R IK 60% , T A FH HER) S
(CHbuFEE DRI ) 7)™ 32 ol S 3503k B A B B Rk
YEYI PAEs 15 YL [ i H 25 28 12, PR —HIR T
Fii (di-n—butyl phthalate, DBP) & PAEs " fiz % 0L —
Fifr, AR AR A 3 A HH A T 3K 57.7 mg kg, 2
F T PAEs th 0y HoA AP 24, DBP & — 28 B A (1)
PREE N TR , B = S0 T R SO0, 1T
£ 3 NIAEERRE TN A AR EE | 1 3 AN FR [ 81 A Je 4
T AR B TS YL, DBP J& T 5Kk vl e A i
TSP G LI E R B SR SR AE YL
SR, H % & & DBP M 5E 38 & 5 B AL 2 5
&, ORI AR DBP 2 88 U, 5 R, FRIE
K JLEE DBP FHA BRI 17 £5 3R AR = 1
TF2 i Kok 1 6B B S 4 2R R A -
YEY 2 8 DBP 15 YL 1 IR TE 3, Ry BE R4 1 4 DBP
B R WA R AL, 458 2R DBP X AV P A % i J5 5 1)
{5 S TEEBL] X FLRBEA ™ fi e A TR A
AR MBS L,

PRI 2 R B R 21 2 A S 2] 2 TR 1 o A 2
Je B R RSN i e 2, H AR B S G A AR
AR/ Ny AR (4 FiE<1 000)™, 3
X HE AR 2E W58, AT LT ff A 4 A R
AAEACI KT (8 S e, 38 BT LA B AR 3 40 640 28 A R R
S, PR R R LR S AT )
TS LR R 04 I 3 1 R 4 B BRI, e BT
H A, A 2 T 23k 08 o) A 4 2 RN R R A
2o v S ) R R 2 2 2 T ] 2 b 43 BT R i o
JRUATRE) 2 A, A T R U AR,
AT 2N FAY S IR 255 B S
PR, Wang S5 F FHARRE A2 22480 T
PR R —(2- L FEC L) BRI B X 5846 E 16 (Medi-
cago sativa) FR R IAP B0 . B PRAE! I T ]
AL 24 05 PR BT A T AR pe o KA R A i itk
TPARGE, I T X 2 p s K i 52 8 e AR T 4wl
Y FH I S BEAR 22 43 W0 I B G Bt 1%

AHIEGE Fy 45 7 DBP XA ™ it A B il J5T 5 1) )
5T PR HLEL , SR AR S0 ) AR 2 2% J5 7 w58 DBP
S N AN N E AT A i Rt 7/ AL P S e o 1 0
4311 (PCA) A 5 /> — 3 20 51 43 H (PLS-DA ) 5 £ It
GEAT b s, M 32 DS R SURI =0 1 22 52 %
LG [, LA Ry I SR T S b iy L ) f 2

PP 2R
1 R 57A=%

1.1 /k¥ZsLL

FEFE IR (25.0+0.5) CHIAH X BE 60%+2% [N T
SAEFEN R TR0 o FERT TAER LA I 645
TR 8692 FHFMW . AR 18 dJF, T 3 MK
AHIE B2 H L 7E 50 mL BB 8.0 vh 70 7l 2 2 T DBP
[0(Xf#E,CK) . 10,100 mg- L3 d. H&F &7 A AH X
Az KRR A3 355 3 0,20 % F1 75 % I HE 545 H 3 Fh
ANTR) A 350 T (ECo  ECoo M ECss) , FEAR 4 L F 3 F
AT B A e BE 1 DBP IR R M E o A b Bk
TTANEYSER . Rl KRR s K i 78 % 5%
Bij 1 s A, A R TR .
1.2 RifFF=wHlE SR

SO A Rl H B AEAS 200 mg (£1%) , A 2
mL K EPE . [ hdERE A 0.6 mL[1-20 ChYH
WL 2-FOR N &R (4 mg- L), (i IR BEIR 7 2% 72
53HR 30 55 NN 100 mg B IR K EP A TP TR &
I ZH A, 7E 60 Hz T IS 90 s 5 i Fi 48 A
W AE T AL BRAE AL 15 ming 7E 25 °CHI 12 000
remin” [ Z52F 50 10 min, B F K 300 L i U .
TLUEWRGE AL 0.22 wm BRI A BRI . 38
3o VR (83 - 3 (LC-MS) B F R FEF TR . M
FEAFFIREA R 20 WL R SMTR A, F 1 o 4 il
PIAZ IE A3 B 25 et 25 AN AR iR 22, TR TR R A R4 7
LC—-MS A1,
1.3 i =53 4

X FH B B0 AR 6 1% /Y (Thermo Scientific™ Van-
quish™ Core HPLC, € ¥k &, £ [H ) , FiL 4 ACQUITY
UPLC® HSS T3(2.1 mmx150 mm, 1.8 pm) &34, i%
B H SRR IR E N 8 °C, i N 0.25 mL-min™',
FEIR A 40 °C, JEAE Gy 2 WL, JEA T DRI . TR B 1
B 3 s AH R 0.1% FERZK (B1) F10.1% H R 2
(A1) ; T B F AR 3 A A 5 mmol - L H iR £ /K
(B3) Fl 2 Jif§ (A3) o # FE R JBAZJF 2 O0~1 min, 2% 1Y
A1/A3;1~9 min, 2%~50% ] A1/A3;9~12 min, 50%~
98% 1Y A1/A3;12~13.5 min, 98% 1] A1/A3;13.5~14
min, 98%~2% ) A1/A3; 14~20 min, 2% () A1 -TE R
(H:A,14~17 min, 2% i A3- sz )20,

i 5T 3% {¢ (Thermo Scientific ™ Q Exactive ™
Plus, $E80 K, SE ) , SR JH HLE 55 126 - J50RN IE 7 2 1
ML B I B WS L R I E A 3.50 kV, T T
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Figure 1 PCA score plot of metabolites from different tissues of Chinese flowering cabbages
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PIZEAE A B84 B S, Ui W] DBP A B 4 10 mg -
LT RE S 5 0 BRI P & 2 5. LT3
(DBP 100 mg- L) 43 4ii T4 1 ZBR A 4 2 BR , LCK
YA T 2 R RS 3 2B, 2 B DBP Ab BV
100 mg- L™ AR & 15 X0 BR LA 7= 1l 4 I 5 25 5%
R CER 5 DBP AL PR o0 10 mg - L™ A FE S AS
6] 55 BB AE SR ) ) 2, AR AE 5 7€ DBP 10 mg -
L'(RT1)#1100 mg- L' (RT3) By4L B R #B5 LCK A
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Figure 2 PLS—-DA score plot and replacement test chart of metabolites from different tissues of Chinese flowering cabbages
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#1 PLS-DARBIMRY S &

Table 1 R’Y and ()* values of PLS-DA model (192.8%)
HeAedl GTEH RY @
Comparable group Number of principal (cum) (cum) 59
components
Xof BB 2H ~ -4 1 (DBP 10 mg-L™") 2 0.994 0.845 (36.2%)
LCK vs LT1(DBP 10 mg-L")
X BEZH -2 3(DBP 100 mg- L") 2 0.991 0.932
LCK »s LT3(DBP 100 mg-1.")
X HEZH AR 4L 1(DBP 10 mg-L™) 2 0.997 0.825
RCK »s RT1(DBP 10 mg-L™")
X} BEZH -AR4H 3(DBP 100 mg- L") 2 0.995 0914
RCK vs RT3(DBP 100 mg-L™") 3 ROARARERRE=WHFEEE
VERPY BRI O Y AR BB AR ) AT SRR 5 QAR TR R TR Figure 3 Venny plot of differential metabolites from different
predil:tt;t;i.hlfy'Y, model interpretability (for Y variable data sets) ; Q*, model tissues of Chinese flowering cabbages
%2 DBPEME TR OREFIHEERE
Table 2 Identification information of differential metabolites in Chinese flowering cabbages
L el Twh oo VPP ITm o
1 Sebacic acid 185.11 535.52 C08277 2.2056 0.0051 [ J [ J [ J [ J
2 Ethylmethylacetic acid 85.07 31.59 C18319 2.2007 0.005 1 [ J O [ J O
3 p—Hydroxymandelic acid 168.04 81.14 C11527 2.1875 0.0082 O O [ J [ J
4 Cortisone 361.20 786.28 C00762 2.1473 0.005 1 [ J [ J O O
5 Nicotine 163.12 38.54 C00745 1.9568 0.005 1 O O [ J O
6 N-Carbamoylputrescine 132.10 829.80 C00436 1.9413 0.0082 O O [ J O
7 Arachidic acid 311.30 835.73 C06425 1.9220 0.005 1 O [ J O O
8 Dehydroepiandrosterone 269.21 837.16 C01227 1.8944 0.0051 O [ J O O
9 2-Pyrrolidinone 100.08 31.61 C11118 1.8799 0.005 1 O O [ J O
10 S—Hexyl-glutathione 391.29 754.44 C02886 1.8578 0.005 1 O O [ J O
11 L-Dopa 197.10 802.34 C00355 1.8552 0.008 2 O O [ J O
12 Diphenylamine 170.10 789.22 C11016 1.8423 0.0051 O O [ J O
13 trans—trans—Muconic acid 143.03 58.50 C02480 1.8266 0.0051 O O [ J O
14 Aflatoxin B1 312.36 825.44 C06800 1.8239 0.0051 O O [ J [ J
15 Benzocaine 166.08 719.98 C07527 1.8209 0.0028 O O [ J O
16 (2S,5S)-trans—Carboxymethylproline 174.09 122.21 C17366 1.7800 0.005 1 O O [ J O
17 Dodecanedioic acid 213.15 682.18 C02678 1.7674 0.008 2 @) [ [ ] O
18 Prostaglandin F2a 354.26 746.29 C00639 1.7358 0.0051 @) O @) [
19 Piperideine 84.08 31.91 Co6181 1.7305 0.005 1 @) O @) [
20 Cyanuric acid 128.01 639.57 C06554 1.7294  0.005 1 @) [ @) O
21 Phenyl acetate 134.89 836.33 C00548 1.7268 0.008 2 @) [ O O
22 Methyleugenol 179.11 760.17 C10454 1.7022 0.005 1 O [ J O O
23 L-Fucose 163.01 167.96 C00507 1.7002 0.005 1 O [ J O O
24 Dimethylbenzimidazole 145.04 158.75 C03114 1.6926 0.008 2 O O O [ J
25 Putrescine 89.51 827.88 C00134 1.6895 0.008 2 [ J O O O
26 Palmitoleic acid 255.23 811.84 C08362 1.6662 0.005 1 O O O [ J
27 trans—Cinnamate 128.96 86.00 C00423 1.6460 0.0082 O O O [ J

1 : @FRIZA T I8 T2 A 18 25 AR s O FmiZA TR ™ AN I8 T35 14 26 AR )
Note: @ indicates that the metabolite in the row belongs to the differential metabolites in the column; O indicates that the metabolite in the row does
not belong to the differential metabolites in the column.
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Continued table 2 Identification information of differential metabolites in Chinese flowering cabbages

w el [ A
28 Homo—L-arginine 188.13 101.40 C01924 1.6389 0.0028 o (@) [ ] @)
29 Oxoglutaric acid 129.13 783.77 C00026 1.6271 0.005 1 o [ O @)
30 Methyl jasmonate 225.15 733.05 C11512 1.6152 0.005 1 @) O @) [
31 Myristoleic acid 209.19 775.37 C08322 1.6151 0.005 1 o O @) [
32 (S)-2-Phenyloxirane 119.05 101.55 C20782 1.6093  0.005 1 @) O @) [
33 Oleamide 282.28 767.99 C19670 1.6063  0.005 1 (@] O [ ] O
34 Herniarin 177.05 750.85 €09268 1.5969 0.008 2 @) O [ ] O
35 Geranylgeraniol 273.25 708.96 C09094 15928 0.0051 O [ J O O
36 erythro—3—Hydroxy-Ls—aspartate 149.02 31.12 C03961 1.5671 0.0051 O O [ J O
37 Nitrobenzene 122.02 253.96 C06813 1.5649 0.002 8 [ J [ J O O
38 Chavicol 135.08 749.60 C16930 1.5647 0.0051 O O O [ J
39 Phenylacetic acid 137.13 31.53 C07086 1.5607 0.0051 O O [ J O
40 Hexadecanedioate 285.21 649.58 C19615 1.5485 0.0051 O [ J O O
41 Cyclic AMP 328.04 300.42 C00575 1.5371 0.0028 O O O [ J
42 cis—1,2-Dihydrobenzene—1,2~-diol 112.05 756.66 C04091 1.5369 0.0051 O [ J O O
43 Retinoyl b—glucuronide 476.27 761.21 Cl11061 1.5362 0.0051 O [ J O [ J
44 3,4-Dihydro—2H-1-benzopyran—2-one 149.06 789.22 C02274 1.5353 0.0051 O [ J O O
45 Benzoate 123.04 196.05 C00180 1.5240 0.005 1 o (@) o [ ]
46 Galactitol 182.08 281.60 C01697 1.5219  0.008 2 o ([ ] o [ ]
47 3-Indoleacetonitrile 156.12 741.82 C02938 1.5164 0.005 1 o [ o (@)
48 Porphobilinogen 226.18 649.59 C00931 1.4975 0.005 1 o O o [
49 Sinapic acid 225.08 485.99 C00482 1.4777 0.005 1 o (@) O [ ]
50 D-Phenyllactic acid 166.06 196.15 C05607 1.4679  0.008 2 o (@) o [ ]
51 2-Aminophenol 110.06 97.76 C01987 1.4678 0.005 1 o @) ©) [
52 Androsterone 291.19 714.43 C00523 1.4608 0.005 1 o @) O [
53 Triethylamine 101.10 31.53 C14691 1.4600 0.008 2 o (@) o [ ]
54 Coumarin 147.04 195.64 C05851 1.4578 0.005 1 o (@) o [
55 5-Acetamidovalerate 159.09 308.47 C03087 1.4495 0.005 1 @) O @) [
56 Phenytoin 253.10 505.10 C07443 1.4478 0.008 2 O O @) [
57 Mannitol 183.08 196.14 C00392 1.4475 0.0051 O O O [ J
58 4~Isopropylbenzaldehyde 149.10 556.33 C06577 1.4463 0.005 1 O O O [ J
59 Falcarindiol 261.18 794.08 C08449 14291 0.0051 O O O [ J
60 Homovanillic acid 183.07 496.07 C05582 1.4255 0.0051 O O O [ J
61 cis—4-Hydroxy—D—proline 131.97 35.10 C03440 1.4213 0.0051 O O O [ J
62 Carnosol 331.19 713.97 C09069 1.4213 0.0051 O O O [ J
63 6—Hydroxynicotinic acid 138.02 93.50 C01020 1.4167 0.008 2 O O O [ J
64 2-Methylserine 119.05 196.05 C02115 14161 0.0051 O O O [ J
65 Mevalonic acid—5P 229.03 179.57 CO01107 1.4158 0.008 2 O O O [ J
66 Fomepizole 83.06 755.32 C07837 1.4155 0.0028 o (@) [ ] (@)
67 Pyriproxyfen 322.14 345.34 C18605 1.4127 0.008 2 o [ o (@)
68 all-trans—5, 6~Epoxyretinoic acid 299.20 754.12 C16680 1.4076 0.0051 O O O [ J
69 L-Methionine 150.06 124.05 C00073 1.4059 0.005 1 o O o [ ]
70 Adrenosterone 301.18 794.56 C05285 1.3942  0.005 1 o O o [ ]

U - @R izAT AT M8 Tz s i 22 S A1 s O FoRiZdT R MG WU A & T2 1 22 A 40
Note: @ indicates that the metabolite in the row belongs to the differential metabolites in the column; O indicates that the metabolite in the row does

not belong to the differential metabolites in the column.
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Continued table 2 Identification information of differential metabolites in Chinese flowering cabbages

L Vouol e L L I L
71 4-Amino—5-hydroxymethyl-2-methylpyrimidine 140.08 100.23 €01279 13912 00051 O @ O O
72 Tetrahydropteridine 136.07 3575 C05650 13880 00082 O O O @
73 Myclobutanil 289.13 331.26 C18477 13745 00051 O O O @
74 L~Cystathionine 223.07 242.00 €02291 13740 00082 O @ O O
75 Pantothenic acid 220.12 32271 C00864 13724 6430000 O O O @
76 Timolol 317.17 685.57 €07141 13632 00051 O O O @
77 Perillic acid 167.11 587.09 C11924 13527 00051 O O O @
78 o-Xylene 107.09 632.55 €07212 13391 00082 O O O @
79 Andrographolide 333.20 794.92 €20214 13384 00051 O O O @
80 Butyric acid 88.08 830.44 €00246 13356 00051 O @ O O
81 L-Arabinono—1,4-lactone 147.03 493.72 CO1114 13340 00051 O @ O O
82 3,4-Dihydroxyphenylpropanoate 165.05 165.63 C10447 13201 00051 O O O @
83 Pyridoxine 170.08 153.53 C00314 13065 00051 O O O @
84 1H-Indole-3-acetamide 175.09 402.74 €02693 13013 00051 O O O @
85 Sodium deoxycholate 41521 767.91 C11171 13004 00051 O O O @
86 Indoleacetic acid 197.15 809.15 C00954 12962 00051 O @ O O
87 Thyrotropin releasing hormone 363.18 587.96 €03958 12922 00051 O O O @
88 Amphetamine 136.11 328.72 C07514 12763 00082 O O O @
89 10-Deoxymethynolide 279.19 731.81 C11993 12535 00082 O O O @
90 Alpha-D—Glucose 161.05 280.79 C00267 12442 00028 O @ O O
91 N-Methyltyramine 152.11 350.94 C02442 12376 00051 O O O @
92 Pyrimidodiazepine 221.09 268.58 C02587 12325 00051 O O O @
93 Uric acid 169.03 148.37 €00366 12195 00082 O O O @
94 2,5-Dioxopentanoate 131.03 123.84 €00433 12133 00051 O O O @
95 Hydroxylaminobenzene 108.05 93.93 €02720 12085 00082 O O O @
96 N-Methyl-L-glutamic acid 144.07 279.09 €01046 12059 00082 O O O @
97 m—Cresol 109.10 31.97 €01467 1.1926 00051 O O @ O
98 Desmosterol 384.31 702.91 €01802 1.1902 00051 O O O @
99 Adenosine 268.10 255.76 €00212 1.1454 00051 O O O @
100 Abacavir 287.16 776.29 €07624 1.1259 00082 O O O @
101 Glucosamine 6-phosphate 260.05 197.67 €00352 1.0950 00051 O O O @
102 4-Aminosalicylate 152.04 366.15 C02518 10776 00051 O @ O O
103 meso—2,6-Diaminoheptanedioate 190.11 179.38 C00680 1.0747 00082 O O O @
104 Prostaglandin E2 353.25 74821 C00584 10666 00051 O O O @
105 N-Acetyl-L-aspartic acid 176.06 188.74 €01042 10561 00051 O O O @

1 @ F/RiZATHACETP= YR T80 i 22 5G4 s O iAW ACE = WA &8 T8 i 22 S A Q=4
Note: @ indicates that the metabolite in the row belongs to the differential metabolites in the column; O indicates that the metabolite in the row does

not belong to the differential metabolites in the column.
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Figure 5 Enrichment analysis of differential metabolite pathways of Chinese flowering cabbages
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