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Bacterial growth
Introduction

Tools used:

● Simple self-replicator model of resource allocation
● Dynamical systems analysis
● Optimization, (Optimal control theory)

● Bacteria are unicellular organisms naturally 
geared towards growth.

● For biotechnological applications, one 
would like to change the natural resource 
allocation strategies of the cell.
de Jong et al. (2017), Trends Microbiol., 25(6):480-93



The system is described by the following reactions:

Model definition

Metabolite production in continuous bioreactors

S: Incoming nutrient
P: Precursor metabolites
R: Gene expression machinery
M: Metabolic machinery
X: Metabolite of interest Yegorov, Ivan, et al. Optimal control of bacterial growth for the maximization of metabolite 

production. Journal of mathematical biology 78.4 (2019): 985-1032.

Giordano, Nils, et al. Dynamical allocation of cellular resources as an optimal control problem: 
novel insights into microbial growth strategies. PLoS computational biology 12.3 (2016).
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Aggregated input,

: external control
: natural allocation strategy



Cytoplasmic density of the cells in the population is 
constant, with                         as the inverse density.

which allows to express mass quantities per unit population 
volume,

Model definition

Express in terms of concentrations

S: Incoming nutrient
P: Precursor metabolites
R: Gene expression machinery
M: Metabolic machinery
X: Metabolite of interest
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Asymptotic behavior

Local stability
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Asymptotic behavior

Global stability

Limiting system in two dimensions
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Asymptotic behavior

Global stability

Result on the full system with asymptotically autonomous 
systems theory



Static maximization problem

Biomass and metabolite production

S: Incoming nutrient
P: Precursor metabolites
R: Gene expression machinery
M: Metabolic machinery
X: Metabolite of interest
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Dynamic maximization problem

Optimal control

see the paper
 YABO, Agustín Gabriel, CAILLAU, Jean-Baptiste, et GOUZÉ, Jean-Luc. Optimal bacterial resource 
allocation: metabolite production in continuous bioreactors. Mathematical Biosciences and 
Engineering, 2020, vol. 17, no 6, p. 7074-7100.



Dynamic maximization problem

Optimal control



Conclusion

● Studied reallocation of cellular resources via external control in continuous 

bioreactors.

● Compared steady-state optimal strategies for:

○ Natural biomass maximization

○ Artificial metabolite production maximization

● Explored the underlying trade-offs involved in synthesizing metabolites.

● optimal control…
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