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AR ATEON AT AR HepG2 76 37 °C 5% CO, & 10% JiG2E IfL7% 9 DMEM 15 55 5 h 55 3% | AN
WeERy 2,3,7,8-TCDD(0.001 nmol-L ™" .0.01 nmol-L~" 0.1 nmol-L™" A1 1.0 nmol-L~") kb B 48 h. % H
WEMK I (MTT) Lo ek U 20 MO 34 FE 1 0. (R, WG 7 48 h AL IR 10 pL % 1 mL HEEFIZKIR
AR (AT 90:10) IR IE TS 2 min, ZR)F 15000 r-min ™' B0 5 min, F WG 0. 22 wm 43kt g o
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200 wLemin ™" ARARE LY 20 °C, AR R 10 pL. B BRI 9 :0—2 min B HEE TN 5% ;
3 min)5 HBEATHEHE R 2] 40% A3 5 min 76 1 min N HEEFTERER] 5% SR)5FHRHS 9 min.

[ e g 3k W 5 B T, B AR A AR AR B AR Sy U T A AR R FH R B 1 S A
(SRM) FE, B5ali R AR AR E B B R A7, BTl 45 - 25 FURRLEE y 300 °C 5 B SORAE B <% 1 4390 h
5 psi 120 psi, B HLE R 3000 V, FHETE N m/z 50—300, B FF13HE [ElBE 4 0. 05 s. 20 Ff a3t
iR H i PR B RFLRR i S5O 1.
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Table 1 Parameters of mass spectra of the 23 metabolites

k&Y BEEF (AL FEF (FEfrlh) T EE eV BEEHLE/V
Gly 76.000 30.728 13 48
Ala 90. 000 44.545 9 48
Ser 106. 000 60.542 11 44
Pro 116. 000 70.328 14 56
Val 118. 000 72.228 9 67
Thr 120. 000 74.354 10 67
Cys 122.000 105. 053 10 72

Lew/Ile 132.000 86.355 7 55
Asn 133.000 74.355 16 73
Asp 134. 000 116.178 6 86

Glu/Lys 147.000 130.207 5 55
Gln 148. 000 130. 190 9 76
Met 150. 000 104. 111 12 52
His 156. 000 110.220 11 49
Phe 166. 000 120. 195 14 79
Arg 175.000 70.413 26 88
Tyr 182.000 136.125 11 65
Trp 205. 000 188. 067 6 47

IRF 61.208 44.553 16 76
v 93.177 61.418 6 37
iR 91.050 45.433 6 31
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Fig.1 Metabolic network model for the determination of metabolic fluxes using metabolite balancing in HepG2 cells
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SRR E J2 BRI R R 1. AIESE LA T 50 U 2 10 U5 A WLV 0 T D i 0 1A A B
(SPE) , 30 30 25 A 0 )5 32 R A 3 L) J 4046 00 07 R A 1 7% 2 , S04 ¥ 909 FF e
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JE B TR — 7 T BE KB 7E C18 A B SR 1 5 ) 361 52 A A I, oAk~ B4 1 B s ol — 2 3K, 53
—J7 T B TR AR HLIR T B 2 X — Lo A5 W B T ARRICR = A s . i AR SCI 57 T X R vk,
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AL A Y 2 BSACRAS B T RT3 om APRLARBE I T (1% 1) 43 25 B AN B AT ] 25— Xl 5
FIA AL A A AN 3o 08 R 0 2% P T DAGR B R A1 4 B 25 1. 2548 T W R I in A% €8,335 43 B3 1) 5%
M), & X [ 43 S A AR 1 43 B s M AN K, b B rh 20 Sl 1 8 T FH BN RS VR M i s AR EA T EL 3, ke B FFY i
AR T2 5 R R o SR A ) 20 25 sl AR BRI A5, (A A 23 B 7E 10 min N8B, KRZi 5 T 40 Bt
NIt = A T
2.1.3  JriEm s

D71 B ARG A BIR 3 e S B R B BE TR S bR vERE i, DUE MR EL (S/N) Sk 3 #f . S 5638 3 A
IR 5 T 1k 1 IS0 ) 2 A B 1) A48 L 355 S R ot b 3 S0 50,100 1500 pg - L™ RS P45
HEVS V. MR B2 EFE 6 UK, TR 4% €0 335 06 (% B8 5[] F SRML 0 33 0 0g TR R A RSD L. SR FH #2719
LC-MS/MS/ 7k , #AL & W IAR RISCRIE R T 91% —105% 22 18], DGR BAF-. 4055 338 WORE i
G 2] A v i 25 T U TR RSD 21/ T 10% , a7 O AE 28 B F e . £ A €0 £ B3 sk ] )
RSD {H34/NF 3% , A8 F T4 2% S50 7 4 B A9 e et 5. 23 A o A G 1 BIR 4 1k 9 T A G &R
B M B LR 2.

Fz2 23 PRI ROR R (LOD) Stk [l AHSC R EL(R®) RS (LA RSD 1)
Table 2 Limit of detect (LOD), linear range, correlation coefficient (R*) , precision

(RSDs of peak area) and recovery of the 23 compounds

BRI K B/ (wmol - L") R PEFE L/ (ol - L) K FRE R Wi % (RSD/% ) n=6
Gly 0.5 5—500 0.990 3.45
Ala 0.05 5—500 0.991 5.42
Ser 0.05 5—500 0.992 3.22
Pro 0.02 5—500 0.990 2.61
Val 0.02 5—500 0.993 3.22
Thr 0.05 20—500 0.995 6.37
Cys 0.5 20—500 0.991 4.56

Leu/Tle 0.02 5—500 0.999 5.11
Asn 0.05 20—500 0.993 3.81
Asp 0.05 20—3500 0.991 6.21
Glu 0.02 5—500 0.991 7.56
Gln 0.02 5—500 0.991 3.21
Met 0.02 5—500 0.999 3.58
His 0.02 5—500 0.997 4.98
Phe 0.01 5—500 0.998 8.91
Arg 0.01 5—500 0.990 4.81
Tyr 0.05 5—500 0.999 5.89
Trp 0.02 5—500 0.998 7.62
Lys 0.05 5—500 0.993 5.61

JR% 1 20—500 0.990 9.32
Hh 1 20—500 0.994 8.87
AR 1 20—500 0.991 5.62
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Fig.2 The effect of 2,3,7,8-TCDD on metabolic flux of HepG2 cells
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The influence of dioxin on cell metabolism evaluated by the
metabolic network flexibility analysis
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(1. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, 116023, China;
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ABSTRACT

This study was initiated to explore the toxic effects of dioxins in HepG2 cells when exposed to

2,3,7,8-TCDD at five different concentrations (0, 0.001, 0.01, 0.1, 1.0 nmol-L~"). The separation of

proteins and metabolites was achieved by the centrifugation method with 90% methanol as solvent, and then 23

extracellular metabolites (20 underivatized amino acids, lactate, glycerol and urea) were qualitatively and
quantitatively analyzed by HPLC-MS/MS. The recoveries of the 23 cell metabolites were 91% —105% and the

relative standard deviations ( RSDs) of peak areas of the extracted ion chromatograms were below 10% .

Meanwhile , the influence of 2,3,7,8-TCDD on the metabolic flux analysis in HepG2 cells was evaluated. The

results showed that the disturbance of 2,3,7,8-TCDD on the metabolism of HepG2 increased its concentration.
The addition of 2,3,7,8-TCDD decreased the cell absorption of glucose and further inhibited the glycolysis.

On the other hand, exposure to 2,3,7,8-TCDD induced a significant increase of lactic acid metabolic flux,

and thus caused excessive lactic acid in HepG2 cells.

Keywords: HPLC-MS/MS, metabolic flux analysis, cell metabolite, 2,3,7,8-TCDD.





