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In this section, we first briefly describe the experiments from reference [1]. Then, we reproduce and elaborate on the theoretical results from [1] which illustrate the connection between changes in metabolite abundance and growth-limitation. 
Description of Experiment
The experimental growth-limitation of intracellular metabolites was assessed for yeast grown in a chemostat, following [1]. For three different conditions (single nutrient limitation on glucose, nitrogen, and phosphate), and two auxotrophic mutants (leucine and uracil) the abundance of intracellular metabolites was quantified for several different dilution (growth) rates. The authors showed that the growth limitation of a metabolite could be quantified by measuring the change in metabolite abundance at different, increasing growth rates. Metabolites in relatively low abundance which increased in abundance as growth rate increased were “growth-limiting.” In contrast, metabolites in relatively high abundance which decreased in abundance as growth rate increased were described as “overflow” metabolites, and were not growth-limiting. 
A Model for a Quantitative Measure of Growth Limitation (reproduced from [1] )
For each condition (i.e. each limiting environmental nutrient), the authors in [1] fit the metabolite abundance (M) vs. growth rate (µ) data to a linear model (where M0 and µ0 are the geometric mean of each metabolite’s concentration measurements)
                                                               				(1)
Here the slope a corresponds to the growth-limitation of the metabolite in that particular condition. Based on the derivation presented in [1], and on the classic Monod model for the growth rate of an organism
											(2)
(where K is the half-saturation constant), we show here how the slope a is related to whether a metabolite is or is not limiting for growth.  
It is useful to consider the extreme cases  (M is not growth-limiting) and  (M is very growth-limiting). First, if  :
			
To first order, we can approximate this expression as

Upon dividing by µmax, taking the logarithm and using again the  condition, one can obtain 

Taking a derivative with respect to the metabolite concentration, yielding:
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Upon minor rearrangements this gives:

When M is growth-limiting (so that ) the Monod model reduces to

As before, we can take the logarithm 

And derive with respect to M, giving

So we expect the slope a to be positive. Note that a can be greater than one if the dependence of growth-rate on the metabolite obeys a Hill-like function with exponent n>1.
Calculation of the Quantitative Measure of Growth Limitation
We define L, the quantitative measure of growth limitation, to be the slope a from equation (1) above. Calculations of L were taken from [1]. As in [1], only metabolites which exhibited a significant fit to equation (2) and could be classified as significantly “growth-limiting” or “overflow” metabolites were used.
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