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Advanced Data Modelling for Protein Engineering

Stanislav Mazurenko

This habilitation thesis is a compilation of publications from the domain of protein
engineering authored or co-authored by Stanislav Mazurenko. The methods introduced in the
publications were developed between the years 2015 and 2025 mainly at Masaryk
University, Brno. The main motivation for the methods was to design computational tools for
the analysis and modelling of complex biological data. Such a toolset enables protein
engineers to select protein targets, plan experiments, analyse the collected data, and
formulate a hypothesis about biological phenomena of interest in a more informed way,
drastically enlarging the space of possibilities while reducing the experimental effort required
to explore this space. The developed methods focus on two main approaches: (1) low-
parameter modelling of the data, primarily based on physical principles, and (2) machine
learning-based modelling, which leverages existing data sets to identify useful patterns in the
data.

The thesis is divided into two parts. The first part provides a commentary on the
contributions the thesis is based on. In Chapter 1, we motivate the need for data modelling
and computational tools to study proteins. Then Chapter 2 discusses the bottom-up low-
parameter modelling, which leverages biophysical principles. The alternative, top-down
modelling that is based on machine learning methods, is presented in Chapter 3. Finally,
Chapter 4 summarises the presented methods and proposes directions for future research.
The second part consists of 11 publications in which these contributions were introduced. In
the first two papers, the author was responsible for the design of the study, developing the
mathematical framework, and programming the algorithms. In the remaining articles, the
author was designing and overseeing data modelling and machine learning contributions to
the corresponding studies.
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