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Title of Talk:
“The use of GEMs and FBA for Metabolic engineering”

Abstract

Flux Balance Analysis (FBA) is a mathematical optimization technique used to simulate metabolic flux distributions
in genome-scale metabolic models (GEMs). Previously, I successfully applied a metabolic engineering approach
using the “step-by-step gene deletion” technique to identify target gene knockouts for enhancing 2,3-butanediol
production in Bacillus subtilis. This technique was also successfully applied to enable diacetyl production in B.
subtilis. In my current research, I aim to develop a novel simulation technique, termed “Metabolic Optimization
Design” (MOD), to identify candidate genes for overexpression in order to increase hyaluronic acid production in B.
subtilis. The effects of genetic modifications will be experimentally validated and compared with computational
metabolic design predictions to evaluate and further improve the simulation methodology. The effectiveness of this
computational design method will be verified by comparing computational predictions with experimental results.
This approach is expected to improve the accuracy of identifying metabolic bottlenecks through the integration of
flux information under multiple conditions, while also reducing experimental burden and development costs through
the pre-selection of candidate genes. The expected outcome of this research is the establishment of an efficient

computational optimization platform for enhancing the productivity of biosynthetic pathways.
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Title:

From Biopolymers to Biocatalysts: Exploring Biological Design Space with Automation
Abstract:

Nature has designed an immense number and diversity of enzymes but our ability to translate
these into industrially useful applications is constrained by the number of experiments we can
do. My research focuses on translating combinatorial genetic designs into high-throughput
experiments to systematically explore large biological design spaces and address complex
engineering challenges.

At VTT, we have established automated workflows to build hundreds of metabolically
engineered microbial strains per day. As one example, we are applying these strain
improvement workflows to E. coli containing PHA-producing inducible metabolic pathways,
enabling production of a variety of designer PHA polymer compositions with specific
functional properties.

A further challenge is reaching high titres of produced biomolecules. We have developed an
automated CRISPR-based strain engineering workflow that builds genetically

edited Saccharomyces cerevisiae strains, screens them, and then intelligently recombines
successful edits. We apply this workflow to increase production levels of a previously
engineered pigment-producing Saccharomyces cerevisiae strain.

My enzyme engineering pipeline combines library construction, expression and automated
activity assays to expand or change substrate scope and improve activity under industrially
relevant conditions. During my research exchange at Kobe University, | will apply this
approach to identify and engineer enzymes for new biocatalytic reactions.

Together, these projects illustrate how automation can be used to systematically explore a
wide range of strain and enzyme designs, generating the scale of data needed for informed
biological engineering.



