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Relationship between protein production and 
cell physiology 

B. subtilis  /  E. coli Lysate 



Synthetic microbiologist 
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Understand and use the relationship between protein production and 
cell physiology (growth-rate dependent) for synthetic biology 
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Tools for synthetic biology 

In vivo 

Cell-free 



Protein production  Cell physiology 

Resources
Proteins

GROWTH

Cell physiology 
 

Protein production  
Impact of growth rate on protein production 
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Borkowski O, Goelzer A, Schaffer M, Calabre M, Mäder U, Aymerich S, Jules M, Fromion V: Translation elicits a 
growth rate‐dependent, genome‐wide, differential protein production in Bacillus subtilis. Mol. Syst. Biol. 2016, 
12:870. 



Impact of growth rate on protein 
production 

Can we predict protein abundance at any growth 

rate from mRNA concentration? 

Bremer and Dennis: Modulation of Chemical Composition and Other Parameters of the Cell by Growth Rate. 1996. 

Cell physiology is growth-rate dependent 



Protein concentration decreases with 
increasing growth rate 

Previous knowledge: The concentration of a constitutively expressed 

protein decreases with increasing growth rate 

Previous theory: the concentration decreases due to the only resulting 

dilution (Constant mRNA concentration and Constant translation efficiency) 
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With this model: mRNA concentration (measure with tiling arrays) and 

protein concentration (proteomic) partially correlate 



mRNA concentration increases with 
increasing growth rate 
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mRNATot abundance increases as much as 

the rate of growth 

mRNAfbaA Abundance of the constitutive 

mRNAfbaA increases faster than mRNATot 

fbaA, a constituvely expressed genes in B. subtilis 

New knowledge: The concentration of 

a constitutively expressed mRNA 

increase with increasing growth rate 



Translation efficiency decreases with 
increasing growth rate 

New knowledge: Translation efficiency drops with increasing growth rate 
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With this model: mRNA concentration (measure with tiling arrays) and 

protein concentration (proteomic) exhibit low correlation 



A new model of the translation process 
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Properties of our model 
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New model: Constitutively expressed protein behave differently as a 

function of the growth rate 



Experimental validation 

Data validate the model: Nonlinear translation efficiencies entail differential 

drops in protein abundances with increasing growth rate 



Impact of growth rate on protein 
production 

A new regulation based on growth-rate dependent protein production 
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Borkowski O, Ceroni F, Stan GB, Ellis  T: Overloaded and stressed: whole-cell considerations for bacterial 
synthetic biology. Curr. Opin. Microbiol.  
2016, 33:123–130. 



Impact of protein production on  
growth rate (Burden) 



The impact of synthetic constructs on 
the host cell 

Escape mutants  

Low yield (toxicity) Cell size 

Stress-response 
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Can we use, predict or decouple protein production and growth in bacteria? 

Protein production  Cell physiology 
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Tools for synthetic biology 

In vivo 

Cell-free 

Borkowski O, Subsoontorn P, Endy D: Hands-free control of 
heterologous gene expression in batch cultures. (Bioarchiv) 

Can we design a synthetic circuit 

activated by a growth rate 

variation over time? 
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Using change in cell physiology to 
control gene expression 

Coupling a growth-phase dependent sensor and a DNA switch 

DNA switches 

Bonnet J, Subsoontorn P, Endy D: Rewritable digital data storage in live 
cells via engineered control of recombination directionality. PNAS 2012 



A sensor of growt-phase 



Single-use switch 



Reversible switch 
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Tools for synthetic biology 

In vivo 

Cell-free 

Can we design a synthetic circuit 

activated by a growth rate 

variation over time? 
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Ceroni F, Boo A, Furini S, Gorochowski TE, Borkowski O, Ladak YN, 
Awan AR, Gilbert C, Stan GB, Ellis T: Burden-driven feedback control of 
gene expression. Nature Methods. 2018. 



Control of gene expression to reduce 
burden in E. coli 

Feed back control using burden sensor and crispr-dcas9 



A sensor of burden 



Control of gene expression to reduce 
burden in E. coli 

Tunable feedback system Functionality of the feedback 



Control of gene expression to reduce 
burden in E. coli 

24 hour time-course experiment Robustness and portability 

Advantages of burden-driven feedback control system 
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Tools for synthetic biology 

In vivo 

Cell-free 

Can we design a synthetic circuit 

activated by a growth rate 

variation over time? 
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Borkowski O, Bricio C, Murgiano M, Rotshchild-Mancinelli B, Stan GB, 
Ellis T: Cell-free prediction of protein expression costs for growing cells. 
Nature Communications. 2018. 
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Cell-free Platform 



Burden prediction using Cell-free 

Can we predict burden using cell-free system? 



Burden prediction using Cell-free 

Correlation between cell-free and in vivo 

measurments 



Burden prediction using Cell-free 

Can we predict burden of enzymatic pathways? 



Burden prediction using Cell-free 

Difference between metabolic and resource 

burden 
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Tools for synthetic biology 

In vivo 

Cell-free 

Can we improve protein production 

using cell-free? 
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Metabolic engineering for flavonoid 
production using cell free platform 
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Protein production  Cell physiology  

Synthetic biology: Tools to use, predict or decouple protein production and growth in 
bacteria 
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Still impossible to predict protein cost based on DNA sequence 

Cambray G, Guimaraes JC, Arkin AP. Evaluation of 244,000 synthetic sequences reveals design principles to optimize translation in 

Escherichia coli. Nature biotechnology. 2018. 

Gorochowski TE, Ellis T. Designing efficient translation. Nature biotechnology. 2018. 
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