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Background of Central Nitrogen Metabolism
● Yeast are a model organism for systems biology because they have a 

genome of ~6,000 genes, are single-celled eukaryotes, and are easy to grow.
● Ammonia is the preferred source of nitrogen for S. cerevisiae central nitrogen 

metabolism.
● 2-oxoglutarate, glutamate, and glutamine can be interconverted by adding 

and removing amino groups in the cell.
● Ammonia, glucose, and oxygen are dependent on the feed rate, outflow rate, 

and consumption by yeast.
● Carbon dioxide is dependent on the outflow rate and consumption by yeast.
● Yeast is dependent on nutrient levels and the outflow rate.
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Purpose and Overview of the Model

● The ratio of oxygen consumption and carbon dioxide 
production is referred to as the respiratory quotient.

● The respiratory quotient stayed relatively constant in ter 
Schure et al. (1995) Microbiology (141) 8.

● The purpose of the model is to measure oxygen consumption 
and carbon dioxide production of Saccharomyces cerevisiae.

● The model makes it possible to see how changing variables 
would affect oxygen consumption and carbon dioxide 
production.
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System of Equations for Modeling S. 
cerevisiae

● This system of equations was used to 
model the rate of change of c1, c2, c3, 
c4, and y
○ c1=Residual ammonia concentration
○ c2=Residual glucose concentration
○ c3=Oxygen consumption
○ c4=Carbon dioxide production
○ y=amount of yeast produced



Explanation of Terms

● u1: feed rate of Ammonia
● u2: feed rate of Glucose
● u3: feed rate of Oxygen
● K: nutrient rate constant
● D: dilution rate
● r: net growth rate
● V: nutrient consumption rate 

constant



Initial Simulation of Nitrogen Metabolism

● Initial Ammonia = 1.5 g 
l^-1

● Initial Glucose = 9.5 g l^-1
● Initial CO2 = 0 mmol g^-1 

h^-1
● Initial O2 = 1.6 mmol g^-1 

h^-1
● D = 0.05 h^-1
● u1 = 120 g l^-1
● u2 = 60 g l^-1
● u3 = 40 g l^-1
● V = 0.5 t^-1
● R = 1.0 



Increase in Dilution Rate Lead to the System 
Reaching Equilibrium Faster 

● Initial Ammonia = 1.5 g 
l^-1

● Initial Glucose = 9.5 g l^-1
● Initial CO2 = 0 mmol g^-1 

h^-1
● Initial O2 = 1.6 mmol g^-1 

h^-1
● D = 0.15 h^-1
● u1 = 120 g l^-1
● u2 = 60 g l^-1
● u3 = 40 g l^-1
● V = 0.5 t^-1
● R = 1.0 



Increase in Initial Concentration of Oxygen Lead to a 
Small Increase in CO2 Production

● Initial Ammonia = 1.5 g l^-1
● Initial Glucose = 9.5 g l^-1
● Initial CO2 = 0 mmol g^-1 

h^-1
● Initial O2 = 2.6 mmol g^-1 

h^-1
● D = 0.15 h^-1
● u1 = 120 g l^-1
● u2 = 60 g l^-1
● u3 = 40 g l^-1
● V = 0.5 t^-1
● R = 1.0 



Decrease in Initial Concentration of Oxygen Lead to 
a Decrease in CO2 Production

● Initial Ammonia = 1.5 g l^-1
● Initial Glucose = 9.5 g l^-1
● Initial CO2 = 0 mmol g^-1 

h^-1
● Initial O2 = 0.6 mmol g^-1 

h^-1
● D = 0.15 h^-1
● u1 = 120 g l^-1
● u2 = 60 g l^-1
● u3 = 40 g l^-1
● V = 0.5 t^-1
● R = 1.0 



Steady-State Values

● For all values in 
dc1dt,dc2dt,dydt,dc3dt,dc4d
t, there will always be a 
steady state value.

● The system stabilizes after 
that steady state value and 
the concentration of each 
product stays constant.
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Relation to ter Schure et al (1995) Journal Club 
Paper

● The respiratory quotient in the paper and in the model both 
reached a steady state equilibrium.

● The respiratory quotient in the ter Schure et al paper evened 
out at approximately 1.

● Conversely, the respiratory quotients in the model was greater 
than 1 when the dilution rate was increased, the initial ammonia 
concentration was increased, and when the initial ammonia 
concentration was decreased.
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Discussion of Results
● ter Schure et al. found that the respiratory quotient achieves a steady 

state in the chemostat when aerobic conditions are present.
● The system of equations modeled O2 consumption and CO2 

production while Saccharomyces cerevisiae was performing aerobic 
respiration.

● There was an increase in initial CO2 production when the initial 
oxygen concentration was increased from 1.6 mmol g^-1 h^-1 to 2.6 
mmol g^-1 h^-1.

● O2 consumption and CO2 production leveled off into a steady state 
equilibrium.



Summary
● Changing the dilution rate and initial concentration of oxygen in 

the chemostat caused the respiratory quotient of 
Saccharomyces cerevisiae to increase.

● Discussed background on the central nitrogen metabolism 
described by ter. Schure et al (1995)

● Explained terms and use of model
● Modeled system of equations
● Compared model to other papers specific to the project
● Discussed results obtained from model
● Further studies may be needed to fully understand model and 

system of equations created.
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