
4.2 Phenotypic effect caused by reducing the flux-sum of essential 

metabolites 

 

Reducing the flux-sum of each essential metabolite exhibits the characteristic profile of 

cell growth, as illustrated in SI Fig. 16. 

 

 

 

 

Fig. 16. Cell growth rate relative to that 

of the wild type as the flux-sum 

continuously varies, which is classified 

into types A, B, C, and D. 

 

 

 

SI Figure 16 displays the cell growth rate as a function of reduced flux-sum, and the 

values are scaled relatively to the wild type. Essential metabolites of type A in SI Fig. 

16 induce the cell growth proportionally to the flux-sum, while type B metabolites 

hardly affect the cell growth over the finite range of the flux-sum. Reducing the flux-

sum of type C metabolites below the cut-off value does not allow the cell growth at all. 

For the three metabolites, ubiquinol-8, ubiquinone-8, and L-malate, the growth rate is 

found to be suppressed by reducing the flux-sum under some conditions, but takes 

nonzero values even when the flux-sum is set to zero. They are classified as type D 

metabolites. 

Accordingly, we can categorize all essential metabolites as shown in SI Table 1, and 

find some interesting features: 

 

(1) Regardless of growth conditions, lots of amino acids and lipids which participate 

directly in the cell growth as the elementary building blocks are proved to be type 

A. Of the metabolites in amino acid synthesis, the serine-related ones, 

nevertheless belong to type B metabolites. The sulfur and cysteine pathways 

relevant to the serine metabolism presumably contribute to this property, 

distinctive from those of other amino acids mostly along the linear pathways. 

From the central metabolism, for example, D-glucose 1-phosphate also belongs to 

type A metabolites. 




