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PURPOSE OF THE ABSTRACT

In vitro enzyme cascades are an emerging alternative for traditional syntheses, which combine the benefits of
biocatalysis and one-pot multi-step reactions. However, including a higher number of enzymes increases the
complexity of the system and optimization is often necessary to achieve the desired cascade performance.
Challenges are the high number of influencing parameters and the mutual interactions between the cascade's
components [1]. Bayesian optimization offers a statistical, data-driven optimization method with which the
mentioned challenges can be addressed, while the number of experiments remains relatively low, compared to
conventional approaches such as factorial experimental designs. It allows for a goal-oriented optimization for
multi-parametric and multi-objective systems such as enzyme cascades with the simultaneous adjustment of
multiple parameters and without relying on mechanistic understanding [2]. Bayesian optimization is already used in
various fields, but in this work it was applied to an enzyme cascade, to the best of our knowledge, for the first time
[3].

Here, Bayesian optimization was applied to an ATP-producing and -regenerating system. ATP is an important and
energy-rich cofactor and many enzymes are dependent on it. In in vitro enzyme cascades, it can play a crucial role
for the performance of the system and the in situ production and regeneration of the nucleotide by enzymes such
as polyphosphate kinases (PPKs) can be beneficial. We implemented two PPKs for ATP production and
regeneration for the ATP-dependent enzyme mevalonate kinase (MVK) that catalyzes the phosphorylation of
mevalonate (MVA) to phosphomevalonate (MVAP). PPK and substrate concentrations were optimized for an
increased specific activity of MVK [3].

With a total of 16 experiments, the initial concentrations of the three components were iteratively optimized,
performing three experiments per round. We discovered, that the AMP concentration has a low impact and the PPK
concentrations have a major influence on the reaction of MVK. The specific activity and the product concentration
were increased at the same time during the optimization process. With a reference experiment with stoichiometric
ATP amounts, a specific activity of 8.8 U mg-1 was achieved, which was even exceeded by the reaction with
regenerated ATP with 10.2 U mg-1[3].

With Bayesian optimization, the ATP regeneration by PPKs was successfully optimized for an increased activity of
MVK.
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