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KiPar: a text mining toolbox for systematic screening of yeast Kinetic Parameters for metabolic models

The ouput is given as a list of documents annotated with concepts (legend: enzyme, compound, gene, pathway, kinetics) relevant for parametrizsing metabolic
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® 233 articles from PubMed Central
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B Concepts to search and/or annotate:

® enzymes: 1.1.1.1; 1.2.1.12; 2.7.1.1; 2.7.1.11; 2.7.1.2; 2.7.1.40; 2.7.2.3; 4.1.1.1; 4.1.2.13; 4.2.1.11; 5.3.1.1; 5.3.1.9; 5.4.2.1;

® pathway: glucose breakdown; glvcolvsis;

B kinetics: rate law; kinetic constant; catalvtic rate constant; Km; Henri-Michaelis Menten equation; Wan Slyke-Cullen equation; Briggs-Haldane equation;

Hill coefficient; Hill constant; Hill equation; Kj; enzvme kinetics; Kzq; Et; pH; dissociation potential; pKa; kcats; keats; Kms; Kmp;
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Literature database(s) used:

® PubMed Central
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wherea:

— E is a set of enzymes of interest (see input above),

— e is an enzyme from E,

— CPD,. iz 3 zet of compounds involved in the reaction catalysed by the enzyme e,

— SCE. is a set of Saccharomyces cerevisiae genes encoding the enzyme &,

— GO is a set of a pathway-related concepts from the Gene Ontology (see input abowve),

— SBO iz a zet of a kinetics-related concepts from the Systems Biology Ontology (see input abowve),

— hits(5) is the percentage of concepts in the set 5 matching the given document,

— the following weights are used for: enzymes (wgc = 60.0), compounds (wcpp = 30.0), genes (wscg = 10.0), reactions (wgy = 80.0), GO terms (wggo = 20.0),
pathway (wpamy = 50.0), kinetics {(wsgp = 50.0).
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Abstract

Information about the enzyme kinetics in a metabolic network will enable understanding of the function of the
network and quantitative prediction of the network responses to genetic and environmental perturbations.
Despite recent advances in experimental techniques, such information is limited and existing experimental
data show extensive variation and they are based on in vitro experiments. In this article, we present a
computational framework based on the well-established (log)linear formalism of metabolic control analysis.
The framework employs a Monte Catlo sampling procedure to simulate the uncertainty in the kinetic data
and applies statistical tools for the identification of the rate-limiting steps in metabolic networks. We applied
the proposed framework to a branched biosynthetic pathway and the yeast glycolysis pathway. Analysis of
the results allowed us to interpret and predict the responses of metabolic networks to genetic and
environmental changes. and to gain insights on how uncertainty in the kinetic mechanisms and kinetic
parameters propagate into the uncertainty in predicting network responses. Some of the practical
applications of the proposed approach include the identification of drug targets for metabolic diseases and
the guidance for design strategies in metabolic engineering for the purposeful manipulation of the metabolism
of industrial organisms.
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nd: enzyme nd | gene | [pathway | kinetics ot dramatic, although the difference of the means of the two populations of the control coefficients is "
statlstlc:any signiticant (Fid. & &). |hese results also (llustrate that in the absence of knowledge about the kinetic mechanisms we can assume alternative mechanisms,
perform the Monte Carlo studies, and evaluate the significance of the alternative mechanisms on the calculation of the control coefficients.

In a more general case when the activation mechanism is unknown for a gwen enzyme, we can randomize independently the elasticity of i
[-1,0] and that of activator uniformly within [0,1]. As shown by curve 3 in Fig. 6 &, the results can still convey useful information for the cc

‘mly within
r of the system,

although the exact mechanism of enzyme kinetics and/or regulation might have a statistically significant impact on the distribution ~f the o :nts. The
proposed computational methodology offers the possibility to computationally investigate the effects of different enzyme kinetics b n 2 kinetics
expressions, or by explicit randomization of the elasticities, and comparing the distributions of the control coefficients. Such studies wu rur s uggestions on

the importance of knowledge of enzyme kinetics in deriving conclusions about rate-limiting enzymes and metabolic system responszes to changes In system
parameters.

Glycolysis pathway

The glvoolysis pathway is the main pathway of glucose cataboliem in most of the organisms, and i= one of the most complex metabolic pathways. In glvcolysis, a
molecule of glucose is degraded to two molecules of pyruvate via a series of enzyme-catalyzed reactions. ATP and NADH are the carriers of energy and redox,
respectively. Under anaerobic conditions, pyruvate is further transformed into reduced products such as ethanol and lactic acid. This fermentation process is one of the
major energy sources for living organisms under respiration-limited conditions. We studied the anaerobic metabolism in yeast to illustrate the application of our
framework in such a complex metabolic network.

We based our study on a kinetic model of glycolysis of n
in vivo experiments. The model, reprezented by 1"tr

|aernh|c§ cerevisiae develop [E==2
| Fig. 7, consists of 19 metabo
pr\rrlarv product of ethanol, b

et al. (2000) through the combination of in vitro and
-everzible and 7 irreversible fluxes) and 17
h a= glycerol and succinate are also considered in the

intermediates including energy and redox cofacto
system (see Supplementary Material for model di

g

Considering the mass balance equations around each metabolite node, a 17=31 stoichiometric maw i N was constructed, and two conserved moieties were identified in
the system: the pyridine nuclectides ([NADH] + [NAD] = [AN]) and the adenylates ([ATF] + [ADF] + [AMF] = [AF]). The total concentrations of these moieties, [AN]
and [AP], were accordingly included into the analysis as additional parameters {described in Methods). NAD and AMP were selected as the dependent metabolites and
the reduced stoichiometry matrix, Ng, was constructed. Based on the pathway stoichiometry and physiclogical measurements of product formation rates (Teusink et
al., 2000), a steady-state flux distribution was determined by MFA (see Supplementary Material for details).

The elasticities with rezpect to metabolites are calculated based on the enzyme kinetice mechanism provided by the model (Teusink et al., 2000) (zee Supplementary
Material for details) and the scaled metabaolite concentrations generated by uniformly sampling enzyme saturation degrees. For the calculation of weight matrix indices,
ATF was chosen as the independent metabolite of the adenylates moiety and its fraction in the adenylates pool was sampled based on the uniformly randomized
energy charge within its physiologically measured range, [0.8-0.9] (Ball and Atkinson, 1975), and Eq. 33. The catabolic reduction charge is randomized within
experimental range, [0.001-0.0025] (Holzer et al., 1956). After a Monte Carlo simulation, 5495 randorn datasets were sampled before the 5000 sample sets, yielding
stable solutions (91% stability), and the distribution of the flux control coefficients was determined.

In the yeast anaerobic metabolic pathway, the enzyme alcohol dehvdrogenase (ADH) catalyzes the reaction step leading to ethanol production and the flux through this
enzyme also reflects the overall flux through the glveolysis pathway since it is the main output flux of the carbon through glveolysis. We analyzed the distribution of the
control coefficients of the flux through this enzyme with respect to three key enzymes: phosphofructokinase (PFK), pyruvate kinase (FYK), and the enzyme facilitating
the transport of glucose across the plasma membrane (transporter). A large number of enzymes have been identified as he ‘ransporters. In this study, as in most
of the modeling studies, we lump the function and kinetics of each enzyme into a single step. PFK and PYK catalyze phospho\r 1o t-oo—for -sactions during the
glucose breakdown and are major points of regulation in glycolysig (Fig . Similarly, glucose transport has been shown to === ontrol on the glycolytic
flux (Reiienga et al., 2001). Hence, a detailed study of the control coefficients of ADH with respect to these three key enzymes wo
understanding of the control of the ghycolytic fluxes.

-est for a better

Our result confirmed that glucose uptake exerts the stronger control on the glycolytic flux, with PEK, and to a lesser extent PYK, s|
implies that the changes in the activity of glucose transporters might lead to significant changes in anaerobic ethanol production. H nean values of the
control coefficients are relatively low (0.48 for transport, 0.27 for PEK, and 0.09 for PYIK), suggesting that overexpression of any ol : alone might not lead to
significant changes. This is consistent with experimental studies that have shown that =ingle enzyme overexpresszion cannot increase glycnly‘tlc flux in yeast (Schaaff et

al.. 1989). Furthermore, our results suggest that simultaneous overexpression of PEK and PYK will also be ineffective in increasing glycolytic flux, since the probability
of these enzymes, tugether, to have a flux control coefficient =0.2, is <0.25. These conclusions are also in agreement with the previously reported experiments on
simultaneous overexpression of PFK and PYK (Schaaff et al., L989] Although these experimental studies have been performed under conditions different from those
used to quantify our Monte Carle model, the statistical nature of our framework allows us to draw some broader conclusions since it could account for the uncertainties
introduced due to the relative differences between the two experimental systems.

trol (Fig. & ). This

Figure 5: An annotated local copy of a full-text documeritieved from PMC
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