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Robustness of control
in metabolic networks

Edda Klipp

• Introduction
• Definitions
• Simple examples
• Networks
• Outlook
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Introduction

Change the activity of
one enzyme, e.g. PFK

? Change in the concentration
of metabolites, e.g. pyruvate ?

? Change in steady-state
fluxes, e.g. in TCA cycle ?
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Definition of control coefficients

Metabolic systems are networks; their behaviour relies on the structure of  
The network and on the properties of the components.

Two types of coefficients : local and global

Elasticity coefficients Control coefficients
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Definition of Elasticities

Sensitivity for a rate for change of concentration or parameter 
(directly, no steady state, local property)
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Definition of flux control coefficients
Quantitative measure for change of a steady-state variable
(new steady state, dep. on structure of network, global properties)
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Questions, Problems

• Control in certain systems
• How to perturb a system in order to increase

a certain flux, to decrease a concentration, .... ?

Big scale projects to model metabolism based on 
• comprehensive data base information about the network 
• non or incomplete kinetic information

How big is the error, if we 
• assume wrong kinetics
• take only a small network out of the whole
• neglect „small“ metabolites

?
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Calculation of Control Coefficients
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Examples
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Flux control coefficients

Reaction

E1 � E1 + 1% J � J + C1 * 1% = 1.0056
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Flux increase – how?
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Special Situations
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Diced Kinetics P1 P2S1 S2
v1 v2 v10S9

v9v3 …

Michaelis-Menten Kinetics
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Diced Kinetics P1 P2S1 S2
v1 v2 v10S9

v9v3 …

Linear Kinetics
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Fcc versus Pos

Linear Kinetics with coupling
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StandDev of Means 0.0140337

Mean of StandDev 0.0289852
Michaelis-Menten
Kinetics

StandDev of Means

Mean of StandDev

StandDev of Means

Mean of StandDev
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Model of Yeast
Glycolysis

Hynne R, Dano S, Sorensen PG 
Full-scale model of glycolysis in Saccharomyces cerevisiae
BIOPHYS CHEM 94 (1-2): 121-163 DEC 11 2001 

[NAD+]+[NADH]=constant, and [ATP]+[ADP]+[AMP]=constant
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Control Distribution
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Flux Control, Linear Kinetics
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Flux Control, Linear Kinetics
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Big Networks

First results:
starting at neighbouring reactions and
including further reactions iteratively 
leads soon to a convergence of control
coefficients
� Control relies mainly on conditions
in sub-networks.
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Measure for Robustness of Control
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Number of Control coefficients keeping their sign upon change of kinetics

Mean of Standard deviation of Control coefficients

For a fixed distribution of kinetic constants
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Conclusions

The real structure of the network matters
- regulatory couplings
- „small molecules“
- (ir-)reversibility

Knowledge of appropriate kinetic laws is important
- dicing may help a bit


