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In this case study an unknown DNA fragment is traced
back to the species Legionella pneumophila using BLAST.
The content of the DNA fragment and its significance is
studied using an array of online tools and a literature
study.

Legionella pneumophila, analysis of its genes
and proteins 
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In this case study, an unknown DNA fragment, originating
from the pathogen Legionella pneumophila, was analyzed
using bioinformatics tools to gain detailed insights into its
genes and corresponding proteins.
Legionella pneumophila is an aquatic bacterium that
survives within macrophages and amoebae by inhibiting the
fusion of the phagosome with the lysosome. (Vogel & Isberg,
1999) Within host cells, it establishes a replicative vacuole
surrounded by rough endoplasmic reticulum (ER), which
serves as the site of bacterial multiplication. (Vogel & Isberg,
1999) The genome, approximately 3.9 Mb in size, encodes
multiple secretion systems and numerous virulence factors.
(Steinert et al., 2002) Pathogenicity is multifactorial, with an
estimated 10% of the genome contributing to virulence. (Ott,
1994) Human infection occurs through the inhalation of
contaminated aerosols, leading to Legionnaires’ disease
(Vogel & Isberg, 1999), characterized by intracellular
replication of the bacteria within vacuoles that evade
lysosomal fusion (Steinert et al., 2002). 

Figure 1. Infection route of L.pneumophila. A: In the environment Legionella is able to enter a viable but non-
culturable (VBNC) state. The bacteria persist in biofilms and grow within protozoa. B: Upon transmission by technical
vectors (showers, air conditioning systems, cooling towers, etc.) Legionella colonizes the human respiratory tract. C:

After uptake by macrophages Legionella replicates within a maturation-blocked vacuole. Finally the bacteria
are released by host cell lysis. Abbreviations: N, nucleus; L, lysosome (Steinert et al., 2002).
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The unknown DNA fragment was blasted to trace it back
to organism Legionella pneumophila. Kbase and ORF-finder
were used as bioinformatics tools to find genes and
proteins encoded by the fragment.

Literature studies found that the ABC transporter ATP
binding protein uup probably helps maintaing genomic
stability and supporting stress responses. The Dot/Icm
type IV secretion system is responsible for the pathogenic
effect by injecting effectors into the host cell. 

Overexpression of the selected protein, the ABC
transporter ATP-binding protein Uup, is relevant for both
research and potential antibacterial applications. By
overexpressing this protein, its specific function and ways
to inhibit its activity can be researched. Since Uup is
involved in DNA repair processes, inhibiting it could disrupt
genomic stability and reduce bacterial viability, making it a
potential target for antibacterial strategies.

BLASTn
A BLASTn was conducted on the unknown DNA fragment
using standard databases and optimizing for high
similarity.

kBase & ORF-finder
After blasting, Kbase was performed to identify genes in
the DNA fragment. These genes were further studied
using ORF-finder with the following settings: 300nt
minimal ORF length, start codon: ATG and alternative.

Literature study
A literature study was conducted to better understand  L.
pneumophilia, its pathogenicity and the selected ORF. 

In silico overexpression 
To design an overexpression vector, benchling, an online
tool, was used. To isolate our gene from the fragment,
primers were designed containing restriction enzymes,
which ligate the gene in the right orientation to our vector
(pRSET/C). This complete vector is later intergrated
inBL21(DE3) E. col to produce the protein.

3D-structure of ABC transporter ATP-binding protein uup
The 3d structure was gained from PyMOL in Alphafold

Table 1. BLASTn results, the DNA fragment is located on the genome of L. pneumophila

BLASTn of the unknown sequence

Gene annotation of L. pneumophila fragment

Table 2. kBase and ORF-finder results to determine the genes. Different genes were found, including the gene that
expresses ABC transporter ATP-binding protein uup

Figure 2. The Dot/Icm type IV secretion system is a distinctive genomic feature, which injects numerous effector
proteins into host cells to disrupt vesicle trafficking, autophagy, and immune signaling, enabling the formation of a
replicative niche within the Legionella-containing vacuole (LCV)(Romanov & O’Connor, 2024). Created with
BioRender.

Pathogenicity pathway of L. pneumophila

In silico overexpression of ABC transporter ATP-
binding protein uup

Figure 3. In silico overexpression of ABC transporter ATP-binding protein uup.  
Overexpression vector created in benchling, can be implemented inBL21(DE3) E. col to produce the protein.

3D-structure of ABC transporter ATP-binding protein uup

Figure 4. the constructed three dimensional stucture in AlphaFold showing a head and tail structure. It contains 2
ATP binding domains and a tRNA binding domain.
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