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Description:
The conversion of high-value natural compounds from feedstocks and (waste)streams by
microbes plays a major role in biotechnology and is key to the circular, bio-based economy.
However, the standardized process for cell factory design presents a clear division between strain
design (genetic and metabolic engineering) and bioprocess optimization (media composition and
bioreactor operation). This strategy ignores the relations between pathway, metabolism and
culture conditions which might lead to delivering suboptimal production strains. Genome scale
metabolic models (GEM) are mathematical representations of cell metabolism which in
combination with flux balance analysis are useful tools to understand microbial metabolism.
Besides, dynamic flux balance analysis allows the simulation of microbial growth in a reactor
environment. Unfortunately, predictions from GEM are not always accurate and experimental
tests are required to improve them (Shinfuku et al. 2009).
Pseudomonas putida is a strictly aerobic bacterium which growth is highly affected by oxygen
availability. However, little is known about how oxygen affects its metabolism. Simulations with
GEM suggested that fine-tuning the substrate and oxygen uptakes rates during fermentations
can impact the production of pyruvate derived products in engineered P. putida strains.
This thesis project starts with the performance of continuous fermentations which allow to
control oxygen and substrate uptake rates in order to characterize the effect of oxygen on the
metabolism of different P. putida mutants. Besides studying possible organic acids production,
samples for transcriptomics and proteomics will be taken and analyzed in order to find

differentially expressed genes and pathways under different oxygen availability conditions (Rintal
et al. 2009). Finally, data will be integrated with the aid of a GEM to better understand the effect
of oxygen on metabolism and suggest strategies to increase the performance of engineered
strains (Molina et al. 2019).
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