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Abstract: 

Objectives: The dynamic modeling of biochemical networks constitutes a major challenge in 

systems biology. Saturation phenomena are ubiquitous features of these systems given the 

inherent biochemical processes such as enzymatic cooperativity and gene regulation events. 

Nonetheless until recently there was no straightforward and systematic way of addressing 

these aspects when using approximate modeling methods such as power-laws or the lin-log 

and the log(linear) formalisms.  

We herein compare three different approaches of including saturations in models of regulated 

metabolism: power-laws in their piecewise formulation [1], mixed modeling with Hill functions 

embedded in power-laws, and the recently proposed Saturable and Cooperative formalism [2].  

A benchmark artificial metabolic network [3] that includes feedback inhibition and 

feedforward activation regulation is used to establish comparisons regarding the mathematical 

maneuverability of the formalisms, their associated computational and numerical aspects and 

the possible biological insights given by the different approaches. 

Results: The piecewice power-law method has the advantages widely acknowledged for these 

approaches although some interpretability is lost for the additional model parameters. The 

mixed modeling with embedded Hill functions is useful when a priori understanding exists on 

the saturable variables of the system and can have the advantages of the power-law formalism 

through recasting methodologies. The Saturable and Cooperative formalism allows better 

insights into the dynamic features of the networks through numerical simulation results. 

Conclusion: The further development of mathematical formalisms and numerical tools that 

appropriately accommodate saturation phenomena is of major importance especially when 

creating integrative models for metabolic and regulatory networks.  
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