
New Standards and Tools 
for the Analysis of 
Central Metabolites 

Roland Wohlgemuth

Sigma-Aldrich, Industriestrasse 25, CH-9470 Buchs, Switzerland

REFERENCES
[1]   A.E.Garrod, Lancet 2,1616-1620 (1902).

[2]   D.S.Wishart et al., Nucleic Acids Res. 41, D801-807 

(2013)

[3]   J.C.Lindon, J.K.Nicholson, E.Holmes (Eds.) The 

handbook of metabonomics and metabolomics 

(2011)  Elsevier.

[4]   R.Wohlgemuth, Biotechnol. J. 9, 1253-1265 (2009)

[5]   U.Schell, R.Wohlgemuth, J.M.Ward, J.Mol.Catal. B:  

Enz. 59, 279-285 (2009).

[6]   R.Wohlgemuth, Curr.Opin.Biotechnol. 21, 713-724 

(2010).

[7]   I.Sánchez-Moreno et al., Adv.Synth.Catal.354,1725-

1730 (2012). 

[8]   R.Matsumi et al., RSC Advances, 4(25), 12989-

12994 (2014).

[9]   D.Gauss et al., Carbohydrate Res. 389, 18-24(2014). 

[10] K.Matsubara et al., J.Biotechnol. submitted (2014).

SUMMARY

INTRODUCTION RESULTS

.

NEW STANDARDS 

NEW ANALYTICAL TOOLS

.

The analysis of small molecular weight human

metabolites has a long history in medicine, from

the simple urine wheel to the connection of the

excretion of homogentisic acid in normal and al-

kaptonuric members of families with an alter-

native course of human metabolism [1], up to

today’s technologies for studying human meta-

bolic pathways in health and disease with in-

creasing molecular understanding. The gap be-

tween the known number of human metabolites

and the number of compounds with synthesis

references illustrates the need for developing

the analytical and synthetic tools for the

preparation of useful diagnostic metabolites [2].

Human Metabolites in HMDB Database [2]

Metabolic phenotyping related to clinical

diagnostics, prognostics and epidemiology has

been considered as one of the most widely

applicable areas for the development of preci-

sion medicine [3]. The biochemical syntheses of

these metabolites at the right time from the

available nutrients in individual human or

microbial cells, human tissues, organs and indi-

viduals are a masterpiece in molecular econo-

my by nature[4]. Biocatalytic tools have been

successful for the synthesis of central metabo-

lites [4-7] from a variety of metabolic pathways

known in healthy biological cells, like e.g.

glycolytic pathways, pentose phosphate path-

way, mevalonate, non-mevalonate and iso-

prenoid pathway (http://www.sigmaaldrich.com/

life.science/metabolomics.html).Disease-speci-

fic metabolite standards and the corresponding

analytical methods have been developed for

specific inborn errors of metabolism, certain

cancer types and infectious diseases, whereby

the newly available tools open up access to a

wide variety of related metabolites.

The systemic developments of both the

analytical and synthetic frameworks for

the metabolic enzymes and central me-

tabolites have enabled advances in me-

tabolic analysis. New stable central me-

tabolites and selective analyses esta-

blish the fundamentals for finding new

functions/pathways in healthy biological

cells and new disease-specific metabo-

lites open exciting perspectives as po-

tential biomarkers for human diseases.
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Kinetics by quantitative NMR

Kinetics of mevalonatekinase-catalyzed phosphorylation

of R-mevalonate by 31P-NMR [7]

LC-MS of enantiomeric   D- and L-2 Hydroxyglutaric acids

Time course of (R)-Mevalonate-5-phosphate concentration [MVAP] 
in the enzymatic phosphorylation reaction by 31P-NMR 

♦      [MVAP] from (R)-mevalolactone 

�      [MVAP] from racemic (R,S)-mevalolactone   

�      [MVAP] from (S)-mevalolactone 
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