
Fig. 9. Flux-sum fluctuation of metabolites for each functional category. 

 

 
 

The average of the flux-sum fluctuations of essential metabolites is apparently smaller 

than those of non-essential metabolites for most categories (compare the scales of two 

vertical axes in SI Fig. 9). The mass flows of essential metabolites are evenly stabilized 

for all categories, while non-essential metabolites are expendably used under each 

different internal disturbance as manifested in the central pathways like glyoxylate 

pathway; this is probably due to the need of stabilizing the mass flows of essential 

metabolites by utilizing the redundant non-essential metabolites. In the membrane 

formation pathways and the amino acid synthesis, non-essential metabolites show the 

small fluctuations, thought to be rather drawn to the flows of essential metabolites. It is 

noticeable that many of the non-essential metabolites in the highest twenty ranks of the 




