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INTRODUCTION AND SUMMARY

Glycolysis is a catabolic pathway, central to manyaoisms; it involves a sequence of enzymatic i@astthat converts glucose to pyruvate and prodtieedigh energy molecules ATP and NADH.Saccharomyces cerevisidee
glycolysis pathway continues to anaerobic respinasind the production of ethanol. Trehalose metamaiisclosely linked to glycolysis.

Iterative forward and inverse predictive modelingtfud yeast metabolic network requires the collectib experimental data representing the conceatratof metabolites and proteins. Glycolysis andaiee metabolism which are
intimately linked core pathways of energy generatiad storage were chosen as an initial proof-otephsystem to set up and test the methods, seftwats and modelling tools currently developed iGIBB.

A range of quantification strategies are availalotiten dependant on the use of standards and isatlyplabelled analogues of endogenous metabofitesompensate for experimental variability. Howeulese are not always
commercially available. Quantification strategigp@priate for metabolites where an authentic stesh@out not necessarily an appropriate interraaidsrd) is available include external calibratiod atandards addition.

Targeted analytical methods employing gas chrommapiy-mass spectrometry (GC-MS) and ion-pair yigeformance liquid chromatography-tandem mass epeetry (UPLC-MS/MS) to quantify 17 metabolitesateld to glycolysis
and trehalose metabolism has been developed anthtedi

Trehalose, glucose, fructose, glucose-6-phosplgdiepse-1-phosphate, fructose-6-phosphate, glydehgtie-3-phosphate, glycerate-3-phosphate, phosplmeuvate, glycerol and pyruvate were detecteda@MS with linear
responses observed over 2-3 magnitudes of contientemd low pmoles.i detection limits. Reproducibility was acceptabl&S@R< 12%) and recoveries calculated in the rang&08% for most metabolites. Quantification of metibs
present in intra-cellular extracts will be perfodnesing external calibration curves.

The ion pairing UPLC-MS/MS detection of ATP, ADPMR, fructose-1,6-bisphosphate, trehalose-6-phosphddP-glucose, glucose-1-phosphate, glucose-6piats, fructose-6-phosphate and phosphoenolpyryvateded low
pumoles.L! detection limits and linear responses observed 2a&magnitudes of concentration . Reproducibiligs measured at less than 6% with recoveries mezhsuthe range 93-120%. Quantification of metdbslpresent in intra-
cellular extracts will be performed with the starttaaddition strategy so to compensate for mafféces observed in electrospray ionisation masstspeetry.

The multiple-platform detection and quantificatioh17 commercially available metabolites relatedjycolysis and trehalose metabolism has been sufotlgsachieved, demonstrating that all metabolireshese pathways (except

glycerate-2-phosphate and glycerol-3-phosphate evherauthentic standard was available) can be ifjedntThis analytical approach is currently beigplied to the quantification of 17 intra-cellutaetabolites present in continuous
cultures (where concentrations are expected tadegey than 10 pmoles?) for predictive modelling of yeast metabolism.

EXPERIMENTAL

Stock solutions of 17 commercially available meties (5-10 mmoles.&) were prepared in water. Mixed standard solutionsvpeepared in the concentration range of 0.1-1000les.1

Trehalose, glucose, fructose, glucose-6-phospbltegse-1-phosphate, fructose-6-phosphate, glybegitie-3-phosphate, glycerate-3-phosphate, phosplpyeuvate, glycerol and pyruvate were analyse@yMS (Agilent 6890 GC
coupled with a LECO EI-TOF mass spectrometer). #ection volume of 5ul was used with a 1 in 20tslicolumn. Analyte separation was performed atlaim flow rate of 0.8 ml.mi# on a SPB50 column (Supelco, phase equivalent
to a DB-17) with a 50 minute temperature prograomii70 to 290°C at a rate of 5°C/minute. Quantifmativas performed with the calculation of peak aneder a single ion chromatogram. Linear calibratimmges, limits of detection,
precision (relative standard deviation calculatdréplicate injections) and recoveries (quantifaaof metabolites in a separately prepared smijtwere all calculated.

ATP, ADP, AMP, fructose-1,6-bisphosphate, trehalégghosphate, UDP-glucose, glucose-1-phosphate;oshi6-phosphate, fructose-6-phosphate and phasplpgeuvate were analysed by ion-pair UPLC-MS/MS (&va
ACQUITY® UPLC coupled to a ThermoFisher Scientific QTOrbitrap mass spectrometer). Analyte separation petormed on a ACQUITY BEH G column (1.7um, 100 x 2.1mm) with a binary solveradient (A — 15mM
tributylamine in water at pH 4.8, B — methanol) wiétlgradient elution ramp from 0-100%B over 35 misufEhis was a revised version of a previously desdrmethod (Luet alJ. Chromatography A 2007 1147 153-164). Integration
under the peak area for a single product ion iglsireaction monitoring (SRM) mode was used fomtjfiaation. Linear calibration ranges, limits oftéction, precision and accuracy were all calcdlate

GC-MS QUANTIFICATION OF SUGARS, SUGAR MONOPHOSPHATE S, GLYCERALDEHYDE-3-PHOSPHATE,
GLYCERATE-3-PHOSPHATE, PHOSPHOENOLPYRUVATE, GLYCERO L AND PYRUVATE

Figure One, a typical

A typical chromatogram for a standard containii@fthe metabolites at GLU GLU+FRU+ TRE G6P single ion chromatogram

a concentration of 100 umoles.is shown (Fig 1). Metabolites detected include FRU G1P+G3P for mass 73 of 400 pmoles. L
trehalose (TRE), glucose (GLU), fructose (FRU), gk 6-phosphate (G6P), FRU +glap FOP+ F6p standard solution and expanded
glucose-1-phosphate (G1P), fructose-6-phosphate)(feycerate-3-phosphate (G3P), GLU GL+PEP G6P F6P  GeP regions showing the
glyceraldehyde-3-phosphate (GI3P), phosphoenolgyejpyruvate (PY) and PY chromatographic resolution

glycerol (GL). Whilst the detection of a greatenther of phosphorylated metabolites achieved

is expected, a number of these were found to dessenin the heated injection syst
K i i Metabolite Linear Calibration Range, Limit of detection RSD (n=6) RSD (n=6) Recovery 25 pmoles. it
denoted by the detection of a peak correspondipgiesphate. The chromatographig pumoles.L-Y/(correlation coefficient) (umoles.L1) 25 pmoles.L! | 200 pmoles. ! %, (n=2)
separation of glucose/fructose and glucose-6-platsffructose-6-phosphate has be Trehalose 0.1 - 100 (0.998) 0.08 5.4 34 70.1
successfully achieved (Fig 1). Glucose-6-phosphate| 1-250 (0.998) 0.9 11.2 2.2 97.5
The analytical specifications for each metabotitalso shown (Table 1), Glucose-1-phosphate 1-250 (0.998) 08 10.9 9.1 88.2 Table One a range of
. . " . o . . - . . A . . analytical specifications
including linear dynamic range, limit of detectioprecision (n=6) and Glucose 1-250 (0.993) o9 67 15 108.2 . P
) . } Fructose-6-phosphate| 1-250 (0.998) 0.6 8.1 4.7 92.6 for 11 metabolites as
recovery. Responses were linear over 2-3 ordersrdentration magnitude Fructose 1-250 (0.994) 0o 5o 14 523 analysed by GC-MS
with limits of detection less than 10 umoles.|A reproducibility of 3-phosphoglycerate 10 - 1000 (0.993) 83 11.9 47 104.8
less than 12% was observed for six replicate aealgs concentrations Phosphoenolpyruvate|
. . 1-100 (0.986 0.8 7.0 4.2 915
of 25 and 200 pmoles’L. Recoveries were measured in the range 70-109%. ( )
| ic acid and dihvd na duced " Pyruvate 0.1 -50 (0.996) 0.1 3.9 6.5 95.9
However, oxaloacetic acid and dihydroxyacetone phatsphave a reduced sensitivil Glyceraldehyde-3-
with only concentrations greater than 100 pmoléseing detected. No authentic phosphate 1-500 (0.996) 23 9.4 35 818
standard was available at the time of analysi€fphosphoglycerate and Glycerol 0.1-50(0.997) 01 45 24 103.2

glycerol-3-phosphate

ION PAIR UPLC-MS/MS QUANTIFICATION OF ATP, ADP, AMP , FRUCTOSE-1,6-BISPHOSPHATE, TREHALOSE-6-
PHOSPHATE, UDP-GLUCOSE, SUGAR MONOPHOSPHATES AND PHOSPHOENOLPYRUVATE

Single Reaction Monitoring (SRM) was performed to

increase selectivity and sensitivity. Chromatogréon$ TREHALOSE-6-PHOSPHATE Limit of Recovery
. X Metabolite Linear Calibration Range, detection RSD (n=3) 250 pmoles. Lt
metabolites are shown for concentrations of 200 lasio® pmoles.L7/
. (correlation coefficient) (umoles.L'?) | 100 pmoles. Lt %, (n=2)
(Fig 2) UDPG
The analytical specifications for each metaboststiown Glucose-1-phosphate 0.5 -500 (0.994) 0.4 2.7 106.1
(Table 2), including linear dynamic range, limitdstection, FRUCTOSE-1,6-BISPHOSPHATE Fructose-1,6-bisphosphate 1-500(0.997) 0.9 45 1135
precision (n=3) and accuracy. Responses were lmear Adenosine diphosphate 1-500 (0.995) 0.8 3.8 119.7
2-3 magnitudes of concentration with limits of diiten less ATP Trehalose-6-phosphate 0.5 - 250 (0.999) 05 0.2 935
than 1 umoles.£. A reproducibility of less than 10% was UDP-glucose 1-500 (0.999) 0.7 55 103.2
observed for three replicate analyses at concémsabf Adenosine triphosphate 1-500 (0.998) 08 17 06.7
ADP - - - :
100 umoles.t.. Recoveries were measured in the range
H g Glucose-6-phosphate 1-500 (0.993) 0.9 3.2 109.6
93-120%.
AMP Fructose-6-phosphate 1-500 (0.985) 0.9 3.4 112.2
Glucose-1-phosphate, glucose-6-phosphate and
Adenosine monophosphate 1-500 (0.997) 0.9 3.9 115.4
fructose-6-phosphate were not completely
. - Phosphoenolpyruvate 1-500 (0.983) 0.9 1.8 112.8
chromatographically resolved, and further workeiguired Figure Two, typical single reaction monitoring
to optimise conditions for these metabolites chromatograms for 6 metabolites Table Two, a range of analytical specifications for 10 meties as analysed by UPLC-MS
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