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1 Background and Motivation

Figure 1 | Secondary electron microscopy of Klebsiella pneu-
moniae. Image source: Wikipedia

Klebsiella pneumoniae is a Gram-negative bac-
terium belonging to the Enterobacteriaceae fam-
ily [1]. It is one of the ESKAPE pathogens
(Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter bauman-
nii, Pseudomonas aeruginosa, and Enterobacter
spp.) making it one of the six most danger-
ous pathogens known today [2]. This is because
K. pneumoniae is multi-drug resistant. Subse-
quently, infections related to this bacterium no
longer only pose a threat to immunocompromised
individuals, but can also lead to severe damages
in healthy individuals [3]. Infections are often ac-
quired in hospitals, and lead to pneumonia, uri-
nary tract infections and bacteremia [1]. Nor-
mally, K. pneumoniae resides in soil and surface
water and on medical devices [3]. From there,
it can colonize different human mucosal surfaces
and spread to other tissues like the respiratory
tract [4]. Besides that, K. pneumoniae is also used
in biotechnology. Multiple metabolically engineered strains exist that produce beneficial chemicals, such as
1,3-propanediol [1].

The particular strain that this thesis will focus on is the HS11286 which was found in China. Its genome
consists of one chromosome with 5.3 Mb and six plasmids. It was found that this strain has an extremely plastic
genome, which contributes to the dangerous spread of antibiotic resistance among different genera [5].

There are currently two manually curated genome-scale metabolic models (GEMs) for K. pneumoniae. Both
of them model different strains than the one that this thesis will focus on. Liao et al. [1] reconstructed and
experimentally validated the MGH78578 strain by mapping the current GEM for E. coli onto the genome of
MGH78578 and improving the model with the help of experimental data. The other existing model recon-
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structed the KPPR1 strain of K. pneumoniae using the Propagate Model to New Genome application. Gap-
filling was performed on the glucose minimal medium [6]. Besides those manually curated GEMs, a metabolic
model for strain MGH78578 was created in an automated way and is available at the Virtual Metabolic Human
(VMH) database. Especially the experimentally-validated GEM for strain MGH78578 proved helpful by pro-
viding a deeper understanding of the metabolic network of K. pneumoniae and by identifying potential drug
targets [4, 7].

For the HS11286 strain, there is no GEM available, yet. Creating a model for the HS11286 strain is therefore
an important contribution to further deepen the understanding of the metabolic network of K. pneumoniae and
to provide a useful tool in the fight against multidrug-resistant pathogens. Such a GEM could help to save
time and money in laborious experiments (e.g., determininig gene essentialities via knockout experiments) by
providing predictions and promising hypotheses that can be further evaluated.

Henry et al. [6] not only constructed a model for KPPR1, but also compared it to the strain MGH78578.
This revealed differences in virulence and adaption to different carbon sources. Therefore, a model for strain
HS 11286 can clarify differences between different strains, their adaption to different tissues and varying drug
targets.

2 Aim and Approach

The aim is to create a high-quality systems biology model of K. pneumoniae HS11286 and compare it to the
existing reconstructions for the strains MGH78578 [1] and KPPR1 [6]. The reconstruction of the metabolic
network will be done using automated tools like CarveMe [8] and will be improved by manual curation through
literature research. MEMOTE [9] and the SBML validator [10] will be used to ensure the quality of the model.

3 Requirements

For this thesis, a good knowledge of python and basic biochemistry is required. As well as the motivation
and interest to learn more about systems biology, constrained-based modeling and how to build a GEM using
different modeling tools and Python packages.
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