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Improving CO2 Fixation: Modelling Synthetic Pathways
Background
Life on earth has always been subject to and shapen by selective
pressures. Although ’survival-of-the-fittest’ is a well-known proverb,
’survival-of-the-fit-enough’ more aptly describes the evolutionary
process. This opens up the fundamental question on how far bio-
logical processes are from ’optimal’ and, with the recent advent of
synthetic biology, on whether it is possible for mankind to improve
these processes.

A well-known example is the theoretical inefficiency of natural
CO2 fixation pathways, most notably the prevalent Calvin cycle.
In fact, the CO2 fixation rate is actually the growth-limiting factor
of many agricultural crops [1]. If the CO2 fixation rates can be
improved, this may thus result in higher crop yields. The logical
starting points for improving CO2 fixation are through optimising
natural pathways, which may already have been optimised by Nature,
or through the design of synthetic pathways [2]. Synthetic pathways,
pathways Nature has either not found or has discarded, raise the
additional question of which organism has the best metabolic context
for it, which may be an organism currently not fixing CO2. Exploring
and evaluating these synthetic options forms the basis for designing
CO2 fixation pathways, which can later be experimentally implemented using synthetic biology tools. This may, for
example, lead to more efficient autotrophic production of fuels and chemicals from CO2.

The theoretical suitability of an organism for a specific CO2 fixation pathway can be evaluated using a combination
of computational methods. For example, (i) Genome-scale metabolic models, together with Flux Balance Analysis,
can be used to calculate the efficiency with which CO2 can be converted into various biomass components and inter-
esting products, and (ii) thermodynamics calculations and optimization can be used to determine the thermodynamic
feasiblity and favorability. In our department, such approaches have been previously used to evaluate the potential for
six different CO2 fixation pathways in E. coli, the default synthetic biology workhorse. In this project, we will build
upon the previous work done in E. coli with the aim to determine an extensive list of possible synthetic CO2 fixation
pathways, and to analyse these for a large variety of different organisms.

Goal
The goal of this project is to identify the top theoretical candidate CO2 fixation pathways and corresponding organisms
for optimal CO2 fixation.

Project outline and tasks
• Identifying possible CO2 fixation pathways based on reaction databases
• Evaluating the selected pathways using thermodynamics methods
• Evaluating the selected pathways using manually curated genome-scale metabolic models of a few organisms
• Generating genome-scale metabolic models for a large variety of organisms in an automated manner
• Benchmarking the automatically generated models against the manually curated models
• Combining the thermodynamics analysis with the genome-scale metabolic models

Requirements
The student should be familiar with programming and have a solid biological background.
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