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4 : - 535

Sigma ; ( , Tedia )3 Millipore
2.2
E. coli BW25113 (DE(trp R, tna A, phe A)) ,

:3.0g/L MgSO4++ 7TH20,5.0 g/L (NH4)2S04, 15 g/ L Glucose, 2 g/ L Yeast,4 g/L
Peptone, 1 g/L. NaCl,3 ¢/ L. KH2PO4, 0.1 g/LL CoHsNas 07, 0. 0129 g/L. CaClz, 0. 075 g/ L FeSO4 *
7H20,12.54 ¢/L. CaCO3, 3 mg/L Al2(S04)3 ¢ 18H20, 1. 125 mg/L CoSO04, 3. 75 mg/ L. CuSO4 * 5
H20,0.75mg/L H3BO3,36 mg/ L MnS04,4.5 mg/L NaaMoOs * 2H20,3.75 mg/ L NiSO4 * 6H20,
22.5 mg/L ZnSO4* 7TH20,0.075 g/ L. Thiamine

2.3
: Waters Atlantis HILIC Silica (IS0mmx2.1mm, 3 nm, Ireland); :35 C;
:5 nl; A 10 mmol/ L R B :0~ 3min, 10% A;3
~ 15 min, 10%~ 50% A;15~ 25 min,50% A;25~ 27 min 50%~ 10% A;27~ 35 min, 10% A
: (ESI) ; ; - 4.2 kV; 500 C;
172. 37 kPa; 310. 28 kPa; 275. 80 kPa (MRM):
-5V, -3V 24 1
1 24

Table 1 MS parameters of 24 metabolites

( )

Metabolite Retention time Precursor ion Dedugering Daughter ion (m/z)
(min) (m/ z) potential (V) ( Collision energy/ eV)
Phosphorated sugar and organic acid
-6 Glucose 6 phosphate, G6P 14.00 259.0 -2 97.0(- 20", 8.9 - 57)
-6 Dr Frudose 6 phosphate, F6P 14.28 259.0 -20 97.0(- 2%, 8.9 - 27)
-1,6 FBP D frudose 1, 6 hisphosphate 15.86 339.0 -2 97.0(- 32"
-4 D-Erythrose 4 phosphate, E4P 11.80 19.0 - 15 97.0- 16", 78.9 - 12)

D Glyceraldehyde 3 Phosphate, GAP 14.48 168.8 -1 BY- 497, %6.9-14

23 2/ 3 Phospho D glycerate, 2/ 3PG 12.71 185.0 -2 . 0(- 49", 9%.9 - 21)

DH AP(Dihydroxyacetone phosphate, DHAP 1.99 169.0 - 9.0~ 19

Phosphoenolpyruvate, PEP 13.86 167.0 - 15 .0- 20"
Organic add
Oxaloacetic acid, OXA 13.15 131.0 - 16 87.0(- 13)*

2 2 Oxoglutarate, AKG 13.60 145.0 -4 10LO(- 13)"
Sucdnate, SUC 3.88 117.0 -2 73.0- 18", 8.9~ 16
Fumarate, FUM 12.60 115.0 -2 7L0(- 13"
Malate, MAL 211 133.0 -2 115.0(- 19", 8.0~ 17
Citrate, CIT 15.65 191.0 -2 87.0(-25)" , 11. 0(- 22

Anthranihte, ANTH 1.94 136.0 -3l R.0(- 19"
Shikimate, SHIK 3.57 173.0 -37 137.0- 19", 111L0(- 15)
A mino aad
Serine, SER 15.03 104.1 -2 74.0(- 16"
Glutamine, GLN 15.44 145.1 -3 127.0(- 15", 108.9(- 18)
Aspartic acid, ASP 14.83 132.0 -2 115.0(- 16", 88.0(— 1§
Tyrosne, TYR 12.48 179.8 -4 119.0(- 2", 163.0(- 21)
Asparagine, ASN 15.51 131.0 -2 113.0(- 19", 9%5.0(- 16
Phenylalanine, PHEN 10.51 164.0 -3 146. (- 19", 102.9(- 23)
Tryptophan, TRP 11.62 203.0 -3 116. (- 29 , 158.7(- 19)
Glutamic acid, GLU 25.81 146.0 -4 128.0(- 17", 101.9 - 20
* (Quantitative ion)
24
24.1 , “ 7, ,

Sml; -40.C 20 mL 50, 9% NaCl( 60
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240, V/V) - 19 C, 12000 1/ min 3 min, , 47T 5mL 0.9% NaCl
, 4°C 12000 r/ min 3 min, \ , (3
24.2 (1) A PEE AL 5 mL 0% , ,
3 min, R 5 min, " , 4 C 15000 1/ mn 5 min,
(2 R BRI [9], 5 mL , 90T
I0mn, 4 C 15000 r/ min 5 min, 37 B2/ 475 Bk
5 mL - (21, V/V), 3 N 0.5mL 0.5 mmol/ L
- 2 2 o 2 O' 5
mL 0.5 mmol/ L - s s , 4°TC
15000 r/ min 5 min, (4) P BEFRIUL [ 10],

SmL - (2:1, v/'V), , 70 C Omn , 4T 150001/
min 5 min, (5) & #BR REUE 5 mL (0.5 mol/
L,4 C), 10 min, 4 C 15000 1/ min 5 min, 1 mol/LL. KOH

pH 7.4 , 15 min, KCIlO4 , 4 C 15000 v/ min 5 min,
2.5
[4]
2 2 3 2
3 R ( RSD)
2.6
s 2.3 ,
D o 3
(S/N) (LOD)
3
3.1 -
, (DP) (CE)
1
13.60 3.88 15.65
! AKG ASUC CIT
|
4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 10 12 14 16 18 20 22
t/min f/min t/min
1.94 12.48 11.62
ANTH | TYR ‘ § TRP
| i |
0 2 4 6 8 10 12 14 16 18 20 8 10 12 14 16 18 20 22 24 26 8 10 12 14 16 18 20
f/min t/min t/min
1 MRM
Fig.1 MRM chromatograms of some metabolit es
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3.2
5 , PEP ,
, ; [11] 6
2
KCl04 s
cIT 4
, SER /
3 , , ,  GLN, ASP ASN ,
3.3
3 , , ;
, RSD >
> / > , RSD
/ ( RSD 5%),  RSD (9.75%)
) 2.5 , , RSD
> / > > >
, 3.54%  2.67%; / ,
RSD 19.68%  12.98%
3.4
2.6 R 24
2 ,24 (y) (x, mmol/L) ,
2 24
Table 2 Linear equations, correlation coefficients (r),linear ranges and LODs of 24 metabolites
. oo Linear Correlation Linear range LOD
Metabolites equation coefficient (mmol/L) ( mmol/ L)
-6 GoP y= 6694. 9x - 925.6 0.9988 0.52~ 104 0.36
-6 Fo6P y= 6336. 2x - 842.6 0.9942 0.40~ 80 0.28
-1,6 FBP = 6303. 6x + 423.3 0.9914 0.44~ 88 0.30
-4 E4P = 3262. 3x+ 139.2 0.9997 0.50~ 100 0.32
-3 GAP = 1020. 5x — 363.2 0.9986 0.50~ 100 0.34
2/ 3 2/3PG y= 2483. 1x+ 397.1 0.9956 0.40~ 80 0.32
DHAP y= 635. 7x+ 331.5 0.9943 0.50~ 100 0.25
PEP y= 1590. 9x + 478.3 0.9975 0.40~ 80 0.20
0XA y= 18134. 2x + 4786.2 0. 9949 0.40~ 50 0.20
2 AKG y= 12839. 2x + 3761.5 0.9967 0.20~ 50 0.10
SuC y= 215801. 8x+ 7124. 6 0. 9945 0.20~ 100 0.10
FUM y= 98815. 8x+ 1023 0.9928 0.20~ 80 0.10
MAL = 13847. Ox + 3904.9 0.9982 0. 50~ 800 0.30
CIT y= 10337. 3x + 2061. 1 0.9963 0.50~ 100 0.25
ANTH y= 175427. 1x + 38046.3 0.9998 0. 10~ 80 0.05
SHIK y= 47780. 4x + 16167. 8 0.9986 0.30~ 100 0.14
SER y= 10598. 28x + 4139. 5 0.9995 0.20~ 100 0.10
GLN y= 3015. 5x + 2475.4 0.9925 0.50~ 80 0.24
ASP y= 5802. 8x - 485.8 0.9946 0.20~ 100 0.10
TYR y= 38054. 8x + 53%4.6 0.9962 0.20~ 80 0.10
ASN y= 9919. 8x + 1322.3 0.9934 0.50~ 100 0.22
PHEN y= 141641. 3x + 5294. 5 0. 9969 0. 10~ 80 0.05
TRP y= 85239. 4x - 2574.5 0.9993 0. 10~ 80 0. 06
GLU y= 11737.9x - 796. 5 0.9929 0.50~ 40 0.30




538 39

0.05~ 0.36 mmol/ L

3.5
, tnaA  pheA E. coli BW25113 (tnaA
, pheA ), 2.4.1 2.
4.2 , 2.3 -
, 3 R 24 3 4
(TRP) . tnaA , 1, 2
( 34.60 mmol/L 47.71 mmol/ L), ,pheA ,
( PHEN) (TYR) , (TRP) ,
3 1 PHEN TYR N , TRP
2
( Metabolic flux analysis, MFA),
2 2
T RP R TRP
3
Table 3 Analysis results of metabolites in real samples
Average concentration of metabolites Average concentration of metabolites
Metabolites (mmol/L, n=3) M etabolites (mmol/L, n= 3)
1 2 3 1 2 3
-6 Go6P 5. 66 6.54 6.33 MAL 3.98 4.21 4. 66
-6 FopP 4.87 5.35 5.78 CIT 5.68 6.42 5.97
-1,6 FBP 4.57 6.01 5.54 ANTH 18.29 14.71 24. 81
-4 E 4P 2.21 2.76 2.45 SHIK 31.93 29.27 33.96
-3  GAP 8.56 8.96 8.67 SER 7.35 8. 34 7.53
2/ 3 2/3PG 5.68 6.45 7.46 GLN 1.20 1.27 1.42
DHAP 4.56 4. 88 4.97 ASP 1.47 1.76 1.54
PEP 4.71 4.93 5.45 TYR 31.42 34. 15 23.28
OXA 3.56 4.10 4.17 ASN 2.32 2.45 2.54
2- AKG 4. 11 3.99 4.37 PHEN 24. 42 26.70 18.73
SuC 3.18 3.84 5.23 TRP 34. 60 47.71 43.17
FUM 3.82 4. 69 5.25 GLU 1.96 1.98 1.27
/ , (
RSD 5%), E. coli LGMS/ MS
b 2
. 0.05~ 0.36 m
mol/ L
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Comparison of Extraction Methods for E. coli Metabolome Analysis
Using Liquid Chromatography Tandem Mass Spectrometry

MEI Hui"?, DAI Jun" ', LIU Wer Wei', LING Xia’, ZHU Peng Fei’, ZHAO Zht Jun'
'(Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122)
2(Food Science and Technology, Jiangnan University, Wuxi 214122)

*( Wuxi Center for Disease Control and Prevention, Wuxi 214002)

Abstract  Five extraction method for E. coli metabolome analysis using liquid chromatography
tandem mass spectrometry (LGMS/MS) were compared. After being quenched and washed, three
replications of the same sample were extracted using the following solvent system: cold methanol, hot
ethanol, methanol/ chloroform, perchloric acid, and hot methanol, each sample injection repeated
3 times. The results showed that the cold methanol extraction method obtained the highest rate of rel-
ative recovery with the best reproducibility (RSD< 5% ). Considering relative yield and reproducibili-
ty, the five extraction starting from favorably to poor were: cold methanol> ethanol/chloroform >

perchloric acid> hot ethanol> hot methanol. In addition, targeted metabolites series of different con-
centrations were added to the cold methanol solvent, and the results indicated that the linearity of 24
metabolites was good with the linear ranges wide, and the extraction media have little matrix effect on
the quantification of metabolites. The limit of detection (LOD) was 0.05- 0.36 mmol/L.
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methods; Escherichia coli
(Received 20 July 2010; accepted 29 October 2010)

§ »

s 2010 6 , 78.00



