Metabolomic Analyses of E. coli
Materials and Methods:
E coli  Strain and Media:  
E. coli BL21 DE3 strain was cultured in Luria-Bertani media at 37°C incubation on an oscillating shaker kept at 250 RPM .The liquid cultures were shaken overnight and the stationary phase cells were harvested by centrifugation at 3000 x g for 15 min at 4°C. The resulting cell pellet was washed twice quickly with PBS buffer (pH 7.4) and extracted immediately as described below.

Extraction of Intracellular Metabolites from Yeast Cell Cultures:

Intracellular metabolites extraction in E. coli was carried out according to Rabinowitz and Kimball (Anal. Chem., 2007, 79:6167-6173). Three hundred microliters of extraction solvent, acetonitrile/ methanol/water (40:40:20 v/v/v) was added to the washed cell pellet to quench metabolism and initiate the extraction process. After 15 min incubation at -20°C, the mixture was spun in a microfuge for 5 min at maximum speed at 4°C to separate insoluble materials from the extracted metabolites. The resulting pellet was then re-extracted twice with 200 µL of extraction solvent at 4°C. All three of the supernatants were combined to yield 700 µL of final extract. The extract was purged under nitrogen gas and subsequently freeze dried. The resultant dried pellet was stored in the freezer at -200C until further analysis or reconstituted in 400 μL HPLC water and appropriate amount was aliquotted for NMR analysis.
NMR measurement of intracellular metabolites:
NMR Sample Preparation

300 µL of reconstituted water-soluble fraction was used. Water-soluble fraction was diluted with 300 µL H2O to bring the total volume of the sample of 600 µL.  Sample was annotated with the dilution factor and metabolite concentrations were corrected in the subsequent analysis.  Subsequently, 70 µL of D2O and 30 µL of a standard buffer solution (11.667 mM DSS (disodium -2, 2-dimethyl-2-silcepentane-5- sulphonate], 230 mM imidazole, and 0.47% NaN3 in H2O) was added to the sample. The sample was vortexed for 1 min and sonicated for 30 min, and then transferred to a standard NMR tube for subsequent spectral analysis.
NMR Spectroscopy

1H-NMR spectra was collected on a 500 MHz Inova (Varian Inc., Palo Alto, CA) spectrometer equipped with either a 5 mm HCN Z-gradient pulsed-field gradient (PFG) room-temperature probe. 1H-NMR spectra were acquired at 25 °C using the first transient of the tnnoesy-presaturation pulse sequence, which was chosen for its high degree of quantitative accuracy. Spectra were collected with 256 transients using a 4 s acquisition time and a 1 s recycle delay.  
NMR Compound Identification and Quantification
FID was zero-filled to 64k data points and subjected to line broadening of 0.5 Hz.  The singlet produced by the DSS methyl groups was used as an internal standard for chemical shift referencing (set to 0 ppm) and for quantification.  1H-NMR spectra was processed and analyzed using the Chenomx NMR Suite Professional software package version 7.1 (Chenomx Inc., Edmonton, AB).  The Chenomx NMR Suite software allows for qualitative and quantitative analysis of an NMR spectrum by manually fitting spectral signatures from an internal database to the spectrum.  Specifically, the spectral fitting for each metabolite was done using the standard Chenomx 500 MHz metabolite library.  Typically 90% of all visible peaks were assigned to a compound and more than 90% of the spectral area could be routinely fit using the Chenomx spectral analysis software. Most of the visible peaks are annotated with a compound name.  It has been previously shown that this fitting procedure provides absolute concentration accuracies of 90 % or better. Each spectrum was processed and analyzed by at least two NMR spectrscopists to minimize compound misidentification and misquantification.  
Measurement of intracellular metabolites using a combined direct injection (DI) / LC-MS/MS assay:

We have applied a targeted quantitative metabolomics approach to analyze the yeast cell extract using a combination of direct injection mass spectrometry (AbsoluteIDQ™ Kit) with a reverse-phase

LC-MS/MS Kit. The Kit is a commercially available assay from BIOCRATES Life Sciences AG (Austria). This kit assay in combination with a 4000 QTrap (Applied Biosystems/MDS Sciex) mass spectrometer was used for targeted identification and quantification of a large number of endogenous metabolites including amino acids, acylcarnitines, biogenic amines, glycerophospholipids, sphingolipids and sugars. The method used combines the derivatization and extraction of analytes, and the selective mass-spectrometric detection using multiple reaction monitoring (MRM) pairs. Isotope-labeled internal standards and other internal standards are integrated in Kit plate filter for metabolite quantification. 
The AbsoluteIDQ kit contains a 96 deep-well plate with a filter plate attached with sealing tape, and reagents and solvents used to prepare the plate assay. First 14 wells in the Kit were used for one blank, three zero samples, seven standards and three quality control samples provided with each Kit. A straightforward sample preparation step was used for the assay as described in detail in the User Manual. Samples were left to thaw on ice, and were vortexed and centrifuged at 13,000x g. 10 µL of supernatants for each sample was loaded on a filter paper of the kit plate and dried in a stream of nitrogen. Extraction of the metabolites was then achieved using methanol containing 5 mM ammonium acetate.  The extracts were analyzed using a 4000 QTrap (Applied Biosystems/MDS Sciex) mass spectrometer. The samples were delivered to the mass spectrometer by a LC method followed by a direct injection (DI) method. MetIQ software, which is a proprietary of Biocrates and is included in the Kit, controls the entire assay workflow, from sample registration to automated calculation of metabolite concentrations to the export of data into other data analysis programs.
