
2. Metabolite flux-sum and its stability 

 

2.1 Flux-sum and flux-sum fluctuation 

 

To understand the robustness of the cellular metabolism from the metabolite perspective, 

it is necessary to quantify the usage of all relevant fluxes to a given metabolite. In this 

sense, we introduce the flux-sum (Φ) of the metabolite, which is defined as the 

summation of all incoming or outgoing fluxes as follows: 
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where Sij is the stoichiometric coefficient of metabolite i in reaction j, and νj is the flux 

of reaction j. Pi denotes the set of reactions producing metabolite i, Ci the set of 

reactions consuming metabolite i. Under the stationary assumption, Φi is the mass flow 

contributed by all fluxes producing (consuming) metabolite i. 

Based on this measure pertaining to the behavioral characteristic of metabolites, we 

can analyze the robustness of E. coli metabolism how the cells maintain their functions 

against the genetic mutations. The sensitivity to genetic perturbation for a given 

metabolite can be quantified by evaluating the relative fluctuation of Φi in response to 

each deletion of active non-lethal reactions: iii ΦΦ−Φ /
22  where 〈L〉 denotes 

the average over the deletions of active non-lethal reactions. When determining the 

relative fluctuation values, we exclude an inactive metabolite (Φi = 0) for every single-

reaction deletion. As the flux-sum fluctuations decrease, essential metabolites are more 

likely to dominate non-essential ones in number, and the probability distribution of the 

fluctuations for essential metabolites turns out to be steeper to small fluctuations than 

that for non-essential ones (SI Fig. 6). 

 

 

Fig. 6. Ratio of essential to all 

metabolites (solid line), and the 

probability distributions for essential 

and non-essential metabolites (dotted 

line), as a function of flux-sum 

fluctuation. 




