
conditions (SI Table 2). Note that of diverse environmental conditions, the case of the 

glucose-minimal aerobic condition was presented as the representative result if similar 

results were observed for all other conditions. 

 

1.2 Characterization of metabolite essentiality 

 

The metabolite essentiality can be defined as the phenotypic effect on cell growth when 

the consumption rate of a given metabolite M is set to zero. All fluxes around the 

metabolite M should be restricted to only produce the metabolite, for which balancing 

constraint of mass conservation is relaxed to allow nonzero values of the incoming 

fluxes while all outgoing fluxes are limited to zero. As such, other metabolites linked to 

the reactions producing the metabolite M can be consistently taken into account, 

preventing the phenotypic effect irrelevant to the essentiality of the given metabolite M. 

We scaled the resultant change of cell growth rate relative to the growth rate of the wild 

type for calculating the essentiality of the metabolite. When all reactions around the 

metabolite are inactive for specific growth condition, we consider that metabolite as 

non-essential. 

 

         

 

 

 

 

 

 

 

 

 

 

Since the essentiality of all metabolites follows a clear bimodal distribution as in SI Fig. 

5, an essential metabolite can be easily identified when its absence leads to decrease in 

cell growth rate at least one-half of that of the wild type, while the absence of a non-

essential metabolite has minimal or no degrading effect on cell growth. 

Fig. 5. Distribution of 

essentiality for intracellular 

metabolites in E. coli. 




