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The metabolome consists of all the low molecular weight
molecules that are taken up, transformed and degraded by
the cell. In many ways it represents the cells' interface with
its chemical environment: It allows communication with
the surroundings, and the gain of energy and building
blocks. The metabolic state of the cell is mainly regulated
by specific proteins, the enzymes, which catalyze the met-
abolic reactions, i.e. the transformation between different
metabolites. Current developments in modelling may
lead the way towards a cell wide analysis of the interaction
between the proteome and the metabolome. This is the
aim of theoretical structural metabolomics. In this talk I
will outline a novel theoretical framework for analysing
metabolic reactions and how they are catalysed by
enzymes.

The framework is based on recent work for predicting the
reaction centers of biochemical reactions (Koerner and
Apostolakis 2008). On the basis of the predicted bond
changes it is possible to derive constraints on the relative
conformation of the substrates during the reaction. These
constraints appear as pseudobonds, which allow treating
the substrates of a reaction as a single molecule. That
means that practically all methods from molecular mod-
elling can be used for studying reactions. While the range
of applications of this approach is extremely wide we will
concentrate on the prediction of reactive enzyme-sub-
strate complexes. To this end we use an adapted version of
our GlamDock software (Tietze and Apostolakis, 2007).
On a benchmark of more than 100 enzyme-substrate
pairs we show that the accuracy of the prediction lies at
around 45% (number of substrates predicted at rank 1

below 2A RMSD) and is more or less comparable to that
of docking for protein ligand complexes (Figure 1).
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Prediction of the substrates of spermidine synthase in the active site of the enzyme (shown by the molecular surface)Figure 1
Prediction of the substrates of spermidine synthase 
in the active site of the enzyme (shown by the molec-
ular surface). In light blue the structure of the transition 
state complex as seen in the crystal is shown, while the sub-
strates of the reaction are shown in coloured stick. The 
pseudo bond is shown in a thin stick.
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