
This case study investigates an unknown DNA fragment that
was traced back to the organism Staphylococcus aureus        
(S. aureus) using BLASTN. To further explore the genetic and
functional contents of this fragment, various bioinformatics  
tools like NCBI BLAST, KBase, Benchling, etc. were used. The
results are presented in this poster and documented in the
corresponding logbook.

Staphylococcus aureus is a facultative anaerobic, gram-
positive bacterium that exists both as a commensal organism
(microbiota, upper respiratory tract and skin) and as a
pathogenic bacterium (bloodstream). Its circular genome
ranges from 2,7 to 2,9 Mb and encodes for numerous virulence
factors, including toxins. These toxins are particularly
dangerous if the bacterium enters the bloodstream through a
break in the skin, or in some cases through respiratory
droplets. 
Of particular concern are methicillin-resistant S. aureus
(MRSA) strains, which are resistant to many available
antibiotics. MRSA can cause severe hospital-acquired
infections, such as aggressive skin infections and high fever,
which are especially difficult to treat in immunocompromised
individuals. 
Overall, this makes S. aureus, especially MRSA strains, a
significant pathogen in healthcare settings and a major
challenge for clinical treatment. 

Fig. 1: Depiction of an MSSA strain (Methicillin-sensitive S. aureus), that firstly
get infected trough a PVL phage, carrying the methicillin resistance. During
lysogenic infection, the PVL toxin integrates itself into the host chromosome,
now called MRSA strain. This MRSA strain is then able to produce the PVL toxin,
increasing its virulence and making it highly antibiotic-resistant.

The unknown sequence was traced back to Staphylococcus
aureus. Using tools like NCBI blast, ORF finder, KBase,
phyloT, iTOL, Benchling and Alphafold, related genes and
proteins were analyzed.
Using literary research papers, we show the pathogenicity
and virulence of S. aureus. Due to its surface proteins for
adherence and colonization, and toxins like enterotoxin and
leukotoxin, S. aureus can easily infect a host.
The specific protein retrieved from fragment 1 was DNA
topoisomerase I, an enzyme that removes supercoils during
replication. 
The XerC gene was chosen for the in-silico design, to over
express and generate primers for restriction analysis.

1.Sequence analysis: BLASTN analysis identified the unknown
DNA fragment as S. aureus. ORFs were predicted using
ORFfinder, and Prokka (KBase) provided genomic
annotation.

2.Protein analysis: DNA topoisomerase I was characterized
using Clustal Omega/Jalview alignment across species and
the Protein DataBase/Google AlphaFold3 for structural
analysis.

3.Organism analysis: Phylogenetic analysis was performed
using PhyloT/iTOL. Operon structure and KEGG pathway
proteins were determined with FACoP. Protein-protein
interactions were visualized with the STRING database.

4. In silico overexpression: XerC gene specific primers with
Ncol and HindIII restriction sites designed with Primer-
BLAST, followed by in silico ligation of the XerC gene into
the pBAD/His vector using Benchling.

5.Pathogenicity assessment: Literature research was
performed, examining the pathogenicity, cause of infection,
toxic mechanisms, transmission pathways, pathogen
significance and global impact of Staphylococcus aureus.

Fig. 7: In silico design of the overexpression vector of tyrosine recombinase
XerC. Using primers and restriction sites, the XerC  gene was isolated from
the genome, and the restriction sites were used to create complementary
sticky ends in the plasmid / gene of interest for ligation.

Fig. 4: Phylogenetic tree of the top BLASTP hits specific to organisms encoding
the Topoisomerase I enzyme.

Fig. 5: Top 10 results from KBase analysis of fragment 1, ordered by coding
sequences (CDS) on the forward strand (+). The table provides the basis for the
following investigated protein topoisomerase I and XerC gene.

Fig. 8: Virulence factors of Staphylococcus aureus, including surface proteins
(MSCRAMMs), α-hemolysin–mediated cell lysis, leukotoxins and enterotoxins
for immune evasion, superantigens triggering excessive immune responses,
and secreted proteins promoting biofilm formation.

Fig. 3: The NCBI table showing the PBLAST results based on the second largest
ORF (53) , using the Swissprot database.

Fig. 6: AlphaFold prediction of DNA topoisomerase I (left). Model confidence
scores: Dark blue (Very High pLDDT > 90), light blue (High pLDDT > 70), yellow
(Low 70 > pLDDT > 50) and orange (Very low pLDDT < 50). The enzyme’s 4
highly conserved central domains (right) differentiated by colors; green, pink,
orange and purple.

S. aureus genome and pathogenic impact:

Its genome contains ~2830 genes, from which ~2750 are
protein-coding.
It is one of the leading causes of hospital acquired
infections and deaths related to several toxins that are
resistant to antibiotics.
The global burden of MRSA has more than doubled over
three decades: while MRSA infections resulted in 57,200
attributable deaths worldwide in 1990, this number
increased to ~130,000 deaths in 2021.
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Fig. 2: Main transmission mechanisms of S. aureus and modes of infections.
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