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Abstract ; Toxicity characterization of complex environmental mixtures has become one of the main focuses of at-

tention among environmental scientists. And biomonitoring using metabolomics-based approaches have the poten-
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tial of providing valuable ecotoxicological information for complex environmental mixtures. In the current study, a

cell-based lipidomics approach has been developed to assess the water quality of Huangpu River in Shanghai. The

magnitude of impact on HepG2 lipidome was found to be dependent on the specific location of sampling sites a-

long the river. The impact on HepG2 lipidome from the middle reaches samples (3.40% ) is higher than that from

upstream (1.65% ) and downstream (0.78% ), and the impact from tributaries that flow across the downtown area

(520% ) was significantly higher than that from the mainstream (1.80% ). The exposed HepG2 cells exhibited a com-

mon pattern of triglyceride (TG) accumulation, implying the hepatic lipotoxicity of complex mixtures of pollutants

that are present in Huangpu River. Overall, this study demonstrated the utility of cell-based lipidomics as an effective

tool for assessing the biological effects of complex pollutant mixtures. It also provided important information on wa-

ter quality that could potentially aid in the management of ecological safety and water quality in Shanghai.
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AT R KURS: (475 G ), 10 AN PRI R S o = 24
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1 ##} 57 % (Materials and methods)
1.1 b2k

A B 357 W (DMEM, & 1% T 5 55 &
FEERE ) G A4 1L £ 1 (FBS) B R 22 i i (PBS)
¥ia B b e 38 S5 A0 R A R A R (b ED;
DMEM #piR 5585 JHEE i -EDTA 210 H T 38 [
Sigma-Aldrich /A 7] ; & i Hepes M4 H L BT R E
BHEA BR 2 5] () ; Bk R 2084 (NaHCO, ), 4HJE =
99.5% , W 7 i [E 25 G2 A (b ) s MTT 40 i 3 48 S
S0 it 7 AR R S VA R A AR R
/N FI () ; SPLASH® Lipidomix ™ Jig bR bt I F
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BERSEEH I d7-PG(15:0/18:1) (41 >99% ) i fg Mk
UL d7-PI(15:0/18:1) (ZEREE>99% ) Ml 5 Tk FIE ik Joe
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FEfE d9-PE-e(18:1/18:1) (ZliE>99% ) V4 IfiL P Wik s Pk
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JEAK d7-LPC(18:1) (ZEE>99% ) ¥ Ifil M i N Tt £ 1
Ji¢ d7-LPE(18:1) (ZlJ¥>99% ) H i — i d7-DG(15:0/
18:1) (ZliE>99% ), H il = Hs d7-TG(15:0/18:1/15:0)
(L >99%) , §5 W is d9-SM(d18:1/18:1) (&l >
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w0, ] SPSS 24.0 #1722 5 it o b, R R
0] 75 224387 (one way ANOVA)FI Tukey F+ J5 K5 50 7
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Bk LA SE 6 2H 55 CON 22 [] 1 i i = 1 22 53 (R 47
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2 ZR 51718 (Results and discussion)
2.1 HepG2 4HIfEIS L Lo Hr

A/B/C/D iX 4 YK % 55 S50 1) i 24 g Jon 41 £ s 45
WA B4 998 1 089 810 F1 810 Mg i {5 5, 1
A3 ARG IO M % 5 T 344 356,322 T 322 F
NET . $% IR EPRIGI o IS 44 2 0 2 KA I 4325
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XA AR M RE S B BR S L H v BRE  AR Wi R
25 [EEERR SR G BE T R 2, 4 IR B EE LI
HepG2 g it 4l st (L 45 W 28) Fa A — B, e L A 4
FRER LI CON ABIHATU, il 2(a) s,
7E HepG2 A AL AEB M40 53 B Wy Hh 2 . (1) Hih
Wil 181 #1459 K2 PC .PE PS PG .PI LPC,
LPE .PC-e 1 PE-e; (2)#5 l5 61 Ff, £ 4F P4 K 7 2
SM . Cer , A 28 Pk il (Hex Cer) F1 —. O A Sk #ih 28
P e (Hex2 Cer) ; 3) H i g 98 Fi, f2 4% TG 1 DG ¥
AW @RI 2 Fh, 9 R BEHRE A B (CAR); (5) [
FEfE 1 Ff, 4 Cholesterol ; (6) 22 & B A 1 Fh, %
fiti Q10(Ubiquinones), 7£ L iRHEIEH, H i Ig &
HHEE A RE R EZAL G W e 2 2 M 25t 21
Gy — A A5 AN W I 5 5 1 B e A
i s R R i e o 1 W T O it = RN T =
TMBEIE 2R R 22 5AMARLE E BN MG 575 )
A A VSR Y2 5 2R A P Y

TESE B 7S KA HMBERE RS A0 H
fiss = KNG R 2, X — RIZE K H A Bl 75
SRS ) o B eV B2 4 L ] 2(o) s, 1
AR ZEAE HepG2 AN & T FBEAR L, o L
it 50% , EFLL PC A1 PE N 3, HMkJE (5 He 20 Bk
30.11% F1 19.88% ; H MRS F IR Z (2 35%),
Hir TG 1 DG B ¥ B /7 L 4 3l 2 31.44%
F401% ;BEARI B FBEL 10% , EEW 2N SM,
WRE L 29°h 9.52% . 2 HepG2 4 Jfd 3= 22 s ot
2 R, o] DL R B TG AR T W 2 v o
i, 1 TG 1R E B IR RS M I & (NAFLD) & 4=
) — AR PR AR | DR G A 9 25 Rtk — 2B AR E T
HepG2 Zi il 2055 NAFLD () B {4 A 7
2.2 HepG2 4ijfufig i i iy Sk A8 1k

FRH% 48 h Ji , 251 R FE ALY HepG2 4 L A7
RAMAATE 95% ~102% Yl P, L5415 CON 2 i)
DL AR S50 20 2 8] 4 40 A7 3% 2R T I 35 25 5 (P>
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Fig. 2 The composition of lipids in HepG2 cells from control group (CON) in experiment A

Note: PC means phosphatidylcholine; PE means phosphatidylethanolamine; PS means phosphatidylserine; PG means phosphatidylglycerol;

PI means phosphatidylinositol; LPC means lyso-phosphatidylcholine; LPE means lyso-phosphatidylethanolamine; PC-e means

phosphatidylcholine with ether- or vinyl ether- linkages; PE-e means phosphatidylethanolamine with ether- or vinyl ether- linkages;

Cer means ceramide; HexCer means hexaglycosylceramide; Hex2Cer means dihexaglycosylceramide; SM means sphingomyelin;

DG means diacylglycerol; TG means triacylglycerol; CAR means acyl carnitine; ubiquinones means Coenzyme Q10.

0.05), FLoror BT (PCA) R 7% %% 2 A8 B[R] AH G
H—FhZIogit Iy ik, ies 3 TR 5 4l s 25 4=
FEAF B RAE LI AR X T CON (1) i Jot 41 22 4k
4 YR F R SEI ) A AT An I 3 R, lz‘l 3 EP
AR SR R R AR A TR R A ST
F43(PCEEE — 3243 (PC2) /7 ] 1= 5 CON E"Jﬁa\%
FREEE  IELE G 07 220 W1 (ANVOA) &5 51 KAl 441
ZIE R BE AR 22 50 FT DLE K 43 S5 50 4
CON 7EZ5— /a8 — F o HA BRIy,

& 3 AT, BV TR 11 AR AE S5 CON
MY IX A3 R B 5 R s T S T B A OG , T i
i S1.83.85 LA K Hif ) S6.S7 5 CON 7E PC1 Al
PC2 Arbrfh 3478 2 22 (181 3(a)),1X S2 5 CON
16 PC1 b 52 PH 35 22 53 (P<0.001); i T i () S8
F1'S9 5 CON 7 PCA(K 3(b)) |22 5% & & (PC1 . P<
0.05,PC2; P<0.001), 1fii S10 M| 5 CON 7£ PC1 #1
PC2 I 22 5 (18 3(c)) s L T R iFAY S11.,S14 Fil
S15(/& 3(b)), ¥ S15 5 CON 7£ PC2 |- &P i # 2%
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Note: (a) heat map; (b) metabolic pathway of lipid classes; SPH, S1P, PA, CDP-DG stand for sphingosine,

sphingosine-1-phosphate, phosphatidic acid, 1,2-diacyl-sn-glycerol, respectively.
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