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Master's Thesis: Experimental Execution and Human Evaluation in
an Active Al-Driven Bioprocess Campaign

Scientific question

What does it actually take to run an Al-driven design-build-test-learn campaign for microbial bioprocess
optimisation in practice and how good are different algorithmic design tracks when a structured human evaluator
examines them at the bench, blind to whether each proposal came from a large language model or a classical
Bayesian optimiser? This thesis embeds you in an active campaign optimising dopamine production in
Escherichia coli, with yourself as operator and structured evaluator across multiple scales, from 1 mL Biolector
screening through multiple scales, potentially up to a scale-down reactor matching industrial-scale conditions.

Background

The IBVT is running an Al-driven DBTL platform for bioprocess optimisation built on the work of Hagele et al.
2025 (Microbial Cell Factories), which established a 69 mg/L dopamine baseline in E. coli. The platform
combines an LLM-driven design track with a classical multifidelity Bayesian optimiser running in parallel as a
benchmark, CFD-derived physics priors injected across the optimisation loop, and continuous literature
integration. Both design tracks are being implemented in parallel and will be used to generate blinded
experimental proposals during the campaign. The comparison between them is one of the campaign's central
scientific questions.

The final planned validation may take place in a scale-down reactor, whose internal geometry has been CFD-
optimised to reproduce the lifeline statistics of a 600 m? industrial bubble column, thus closing the development
chain from microwell to industrially representative hydrodynamics.

Your role

You act as operator and structured human evaluator

As operator: each Biolector plate carries 48 wells, half are designed by the LLM track, half by the Bayesian
optimiser, randomised across plate positions. You receive condition specifications without knowing which track
produced each well, execute them at the bench, and return data that drives the next design iteration. Media
preparation, inoculum handling, Biolector cultivation, sampling, HPLC analytics, and scale-up at every step are
part of the role.

As structured evaluator: after each iteration you produce a written assessment of proposal quality, with central
questions such as does the proposed biology make sense at the bench? Are the conditions sensible? Does the Al's
interpretation of results match what you actually observed? Your evaluator notes are produced before the track-of-
origin is revealed. In addition, you will perform a statistical post-hoc analysis to compare the merits and demerits
of classical Bayesian optimizers against the LLM-driven platform.

You work closely with the PhD candidate responsible for the Al and CFD components and are supervised at every
scale by responsible wet-lab personnel.

You will have the opportunity to scale up a bioprocess over several steps, interacting with cutting edge Al and
CFD simulations.

What you bring

M.Sc. student in Technical Biology, Bioprocess Engineering, or equivalent

Completed practical modules in microbiology, technical biology, bioprocessing or similar.

Reliable and precise bench work; bioreactor experience is an advantage, no programming skills required

What we offer

Day-to-day supervision by the PhD candidate leading the Al/CFD platform and wet-lab supervision by the
responsible wet-lab PhD student; additional support from the bioprocess team. Full access to Biolector, DasGip
bioreactor system, HPLC, and scale-down reactor infrastructure

Tools and methods used
Analytics (HPLC, Assays), bioreactors, optimization protocols, automated systems, robotics

Contact
Dry Lab supervisor: mario.balogh@ibvt.uni-stuttgart.de <- inquire here
Wet Lab supervisor: Cedric.meyer@ibvt.uni-stuttgart.de tobias.ebbing@ibvt.uni-stuttgart.de
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