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SUMMARY

INTRODUCTION GLYCEROKINASE-CATALYZED PHOSPHO-

RYLATION OF L-GLYCERALDEHYDE

.

STABILITY OF D- AND L-GAP

Biocatalysis is a promising strategy for the

asymmetric synthesis of metabolites to achieve

full functionality [1]. The central metabolite D-

glyceraldehyde 3-phosphate (D-GAP), shared by

the Embden-Meyerhof-Parnas (EMP) pathway

and the Entner-Doudoroff (ED) pathways in lower

glycolysis, plays a role not only in glycolysis and

gluconeogenesis, but in a variety of additional

metabolic pathways like e.g. the methylerythritol

phosphate (MEP) pathway, photosynthetic carbon

fixation, the shikimate pathway, clavulanic acid

biosynthesis and thiamine metabolism. In con-

trast, the L-glyceraldehyde 3-phosphate (L-GAP)

has not been found to play the corresponding role

in a L-glucose catabolic pathway in Paracococcus

sp. and the discovery of YghZ in E.coli catalyzing

the stereospecific reduction of L-GAP to L-glycerol

3-phosphate has provided the first evidence of a

metabolic bypass for the removal of toxic L-GAP.

The first synthesis of racemic glyceraldehyde 3-

phosphate, later to be known as Fischer-Baer

ester, had a considerable effect on the develop-

ment of the Embden-Meyerhof scheme and ena-

bled studies of its properties. Since D- and L-

glyceraldehyde 3-phosphate have different biolo-

gical properties, The synthesis of pure enantio-

mers is highly important, not only because of their

different biological properties but also because of

their use in synthesis [2].

Analyzing areas of product stability is important for

defining process windows which can be used for

the synthesis of these enantiopure metabolites.
1H- and 31P-NMR spectroscopy has been applied

in order to examine pH-dependent behavior of

GAP over time and to identify potential degra-

dation products [3].

The pH-dependent stability of glyceraldehyde

3-phosphate (GAP) and the syntheses of the

enantiomerically pure D-GAP and L-GAP are

reported. GAP has been shown to be stable

below pH 4, whereas two different degrada-

tion products appeared at higher pH-values:

under neutral conditions, methylglyoxal is for-

med, whereas under alkaline conditions, for-

mation of lactic acid could be observed. Me-

thylglyoxal does not seem to be an interme-

diate in non-enzymatic lactic acid formation.

L-GAPD-GAP
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31P-NMR integral values of DL-GAP as a

function of time at different pH. The com-

pound is stable under acidic conditions

only and decomposes above a pH-value

of 4. The pH 1.4-curve is nearly comple-

tely covered by the pH 2.6-curve.

Non-enzymatic degradation of D-GAP to

methylglyoxal and inorganic phosphate in

water at pH 7. The formation mechanism

of the enediolate phosphate intermediate

is analogous to L-GAP.

1H-NMR spectra of lactic acid and DL-

GAP in D2O under alkaline conditions. DL-

GAP is converted into lactic acid although

the signal at 4.1ppm shows a different

coupling pattern (lower left part of the

spectra). The CHOH-signal, split up to a

quartet by the methyl group, appears as a

triplet in the DL-GAP spectrum, probably

because of the presence of a CH2D-

functionality. This is confirmed by the ex-

tract on the upper left, where, in contrast

to the non-deuterated lactic acid, a small

H/D-coupling can be seen in the methyl

group signal of the deuterated lactic acid.

31P-NMR monitoring of the enzymatic phos-

phorylation of different enantiomers of glyce-

raldehyde. Only the L-isomer is phosphoryla-

ted by glycerokinase from Cellulomonas sp.,

whereas D-glyceraldehyde catalyzes the de-

phosphorylation of ATP [3].


