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The successful modelling of metabolic and signalling patysin systems biology requires a
detailed and consistent set of enzymatic kinetic paramet®ometimes, these parameters are
not available from the literature or were obtained undefietéht experimental conditions. In
many cases, the enzymes’ activities are related to the mlateiateraction field of the enzyme.
PIPSA (Protein Interaction Property Similarity Analysis method that enables the compari-
son of molecular interaction fields (for example the elestitic potential) to classify proteins.
Results obtained using the quantitative PIPSA (gPIPSAhateto derive estimates of missing
enzymatic data are presented for a number of proteins ieddtv glycolysis.

1 Introduction

In systems biology, one aims at an understanding of biootemprocesses in the context
of a cell or organ. One approach to this goal is the mathealatiodelling of protein
networks by a set of coupled differential equations desugithe variations of metabolite
concentrations over time. Enzymatic kinetic parametect & substrate binding affini-
ties, catalytic turnover and initial metabolite concetitnas are required when setting up
a kinetic model for a signalling or metabolomic network. piésrecent achievements in
large scale proteomics, many of the enzyme kinetic data ha/been determined or are
available only for a different organism or under differentieonmental conditions, see for
example refernce

The derivation of quantitative structure-function redatships for the enzyme is one of
the challenges of modern enzymology. Structure-basedrmgsbiology provides insight
into complex enzymatic reactions at a molecular level. We peesent quantitative Protein
Interaction Property Analysis (QPIPSA) which relates &testatic potentials of enzymes
to their kinetic constants.

2 The Quantitative PIPSA Method

The PIPSA method has been described in detail in referéic&ge molecular interaction
fields of two proteins are compared in a skin region aroungbtbéein surface (see Figure
1).

PIPSA relies on protein structures and therefore a senoirsatied procedure was set
up to derive protein structural models by homology modghirnen the structures have not
been determined experimentally. For PIPSA, an experinfigmtall-characterized training
set of enzymes is required. The retrieval of amino acid secg® experimental enzymatic
kinetic data from related organisms and the choice of ancgigte template structure is
followed by multiple sequence alignment and comparatiegégin structure modelling.
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Figure 1. Schematic description of the PIPSA method. Thesoubér interaction fields of two proteins on a
three-dimensional cubic grid are compared in a skin regidre similarity of the molecular interaction fields of
the two proteins is calculated using the Hodgkin similairitgex.

PIPSA can be applied to individual families of enzymes toggate kinetic parameters
that are required for systems biology simulations or togdanumber of enzymes to derive
a functional classification of enzymes.

3 Application to Glycolytic Enzymes

3.1 Glucokinases

Glucokinases catalyze the first step in glycolysis, nameyphosphorylation of glucose
at the 6 position to yield glucose-6-phosphate. The suteshiading affinity (as given by
Km values) between enzymes from mammals, lHamno sapienandRattus norvegicus
and non-mammalian enzymes, from 8accharomyces cerevisiadffer by several orders
of magnitude although this is not mirrored in the variatibamino acid sequences. When
the electrostatic potentials of a set of 8 experimentallgrabterized glucokinases from
various organisms are compared, large variations can lextdet The analysis of the
open (apo) form of the enzyme gives the best correlation @iferimental Km values,
indicating that it is the open form of the enzyme not the diokem that is determining
the substrate binding kinetics.

3.2 Triose Phosphate Isomerases

The electrostatic potentials of a series of twelve expenmiailyy characterized organisms
were analyzetl This set was used to derive a correlation between the kbgadf kcat/Km
values and the differences in electrostatic potentialss @drrelation can be used to predict
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the kinetic parameters of other enzymes. The correlatitwden predicted and experi-
mental kcat/Km values indicated experimental outliersrfrabbit andGiardia lambdia
In addition, patches of amino acid residues on the protaiiase could be identified that
are functionally important for substrate binding and gasalrespectively.

3.3 The Full Glycolytic Pathway

The classical glycolysis consists of a series of ten chdméactions to physiologically
make use of the chemical energy stored in glucose molecdles. PIPSA method has
been applied to the series of ten enzymes of the Emden-Mefyeathway and compared
across a set of eleven organisms for which sequence infanmags available and for
which sufficient sequence and structural homology was ptéseall ten enzymes of the
pathway. This comparative metabolic pathway analysis shiwvat the interaction fields
around the active sites are rather conserved across thlgg@Esms despite some amino acid
sequence variation. The largest deviation from human eegymobserved for glycolytic
enzymes from the plants rice aAdabidopsis

4 Concluding Remarks

Protein structure-based molecular systems biology pesiiasight into physiological pro-
cesses at a very detailed level. This insight is complengtathe more abstract math-
ematical modelling and allows the functional classificatad individual enzymes or the
comparison of full pathways across various organisms. Emegation of enzymatic pa-
rameters from protein structural modelling aids the cartston and interpretation of ki-
netic models of networks of proteins for which not all of thigical parameters have been
determined experimentally.
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