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Synthetic biology –
re-designing life

Designing life



Locally available substrates
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Park et al., 2018

Oleaginous yeast Rhodotorula toruloides

Monteiro De Oliveira, 2021 Front. Bioeng. Biotech
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Synthetic Biology platform:
Development of genetic engineering tools
CRISPR-Cas9, Golden gate assembly, metabolic switches, biosensors, etc.

Bonturi et al., 2022, Met Eng Comm
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Fungal type I fatty acid synthases 
(FAS1)



Enzyme data

Metabolic 
model (GEM)

Enzyme-
constrained 

model

A B
Flux: v [mmol/gDWh]

New stoichiometry:     A + 1/kcat E → B 

New constraint:     v ≤ kcat · [E]

EEnzyme usage: e
[mmol/gDW]

e ≤ [E]

Proteomics
(optional)

BJ Sánchez et al. (2017) Mol. Syst. Bio. 13(8): 9357/19



Insights into R. toruloides metabolism

• Majority of glucose is broken down in pentose phosphate pathway

• NADPH regeneration directly competes with ATP production

• Xylose catabolism is carried out using an alternative pathway
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Metabolic engineering of R. toruloides for 
improving xylose consumption

Xylulokinase + Xylose reductase

2.2x improvement 2.8x improvement

Growth rate Xylose uptake Biomass yield



Process scale-up
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Applications:
• Coating materials

• Plastic

• Food 

• Feed



Summary

• Non-conventional yeasts are efficient in converting locally available
substrates into value added metbolites

• Efficient Design-Build-Test-Learn cycle will speed up the strain
engineering pipeline

• Automatization required for higher throughput

• Metabolic models provide a good understanding on metabolic
peculiarities of the cells and help guiding metabolic engineering
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