
Fragment Product Start
Strand
(+/-)

Length
(bp)

1&2 Chemotaxis protein CheW 10,785 - 543

1&2
Protein-glutamate
methylesterase/protein-glutamine
glutaminase cheB

7,707 - 1,158

3
UDP-N-acetylglucosamine 1-
carboxyvinyltransferase murA

1,645 - 1,284

3
Photosystem I assembly protein
Ycf3

12634 - 132

1&2
6-phosphogluconate
dehydrogenase, NADP(+)-
dependent, decarboxylating gndA

14,286 - 1,395

1&2 CTP synthase pyrG 1,788 - 1,602

1&2
Phosphoenolpyruvate-protein
phosphotransferase ptsI

1,858 - 1,722

3 UvrABC system protein C uvrC 16077 + 1,812

1&2 Chaperone protein HtpG 16,249 + 1,851

1&2 Chemotaxis protein CheA 9,904 - 2,142

Scientific name and strain Total score Query cover E value Accession
number

Borrelia garinii SZ 36934 100% 0 CP007564.1

Borrelia garinii NMJW1 36934 100% 0 CP003866.1

Borreliella bavariensis
strain JAASAAF1029

chromosome
36928 100% 0 CP075245.1 

Borreliella bavariensis
strain JANAGAM1369

chromosome
36923 100% 0 CP075235.1

Borreliella bavariensis
strain NT24 chromosome

36923 100% 0 CP059009.1 

Figure 1: Bacterial phylogeny based on 16S rRNA. 
Rectangular phylogenetic tree of representative bacteria inferred

from 16S rRNA sequences, leaves are labeled with species names

and branches are colored by phylum. 

Figure 1: Bacterial phylogeny based on 16S rRNA. 
Rectangular phylogenetic tree of representative bacteria inferred
from 16S rRNA sequences, leaves are labeled with species names
and branches are colored by phylum. 
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This case study explores the different
properties and aspects of an unknown
sequence fragment of DNA. This DNA
fragment turned out to be part of the
genome of Borrelia garinii. Using online
tools like NCBI BLAST, ORF finder and
KBase certain genes were determined.
A literary study provides information
about B.garinii and its properties and
significance, using BLASTp different
proteins were analyzed. To research
the diagnostics of infection by B.garinii
an overexpression vector is designed
using Benchling.

-Abstract-

This case study analyzed an unknown
DNA fragment that was identified as
originating from the pathogen Borrelia
garinii to gain insight into the different
properties of the fragment, using online
tools such as NCBI BLAST, ORF finder,
KBASE and PDB or AlphaFold.
Additionally, Benchling was used to
design an overexpression vector for
diagnostic purposes.

Borrelia garinii is a spiral shaped
bacterium (spirochete) with a flagellum
between the inner and outer
membrane. It contains a small genome
and belongs to the Borrelia genus.
Borrelia garinii is transmitted by ticks
and has an obligate enzootic life cycle
[1, 3]. Early stages of infection cause
erythema migrans: a red rash which can
be accompanied with fever and fatigue.
Late stage infection can cause chronic
joint inflammation and neuroborreliosis.
After a tick bite the Borrelia bacteria
moves through the skin and into the
tissue. Here the bacteria faces the
immune system. It turns off the
complement system by regulatory
protein on its surface, allowing the
bacteria to survive. [2] Chemotaxis
causes Borrelia to spread to other parts
of the body after the initial bite spot of
the tick. The adaptive immune system is
helpless because the Borrelia bacteria
expresses VlsE; a surface protein which
repeatedly changes its structure by
recombination. Therefore antibodies
will not provide protection after or
during infection.
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Table 2: Gene and protein annotation results 
Showing tRNA, identified protein products not hypothetical
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Table 1: BLASTn results of fragment 6 Table 1: BLASTn results of fragment 6 

BLAST, ORF Finder and KBase
A BLASTn was performed with the Core
nucleotide database in the selected
fragment in order to know the bacteria
who corresponded to it.
In addition ORF Finder was used to
analyze the fragment and find proteins
with the following settings: minimal
ORF length of 300 nucleotides, genetic
code 11, “ATG” and alternative
initiation codons including nested
ORFs. As well, KBase was applied for
gene/protein annotation to obtain CDS
and tRNA. 

Literary review and phylogeny 
With the aim of understanding B.
garinii a research was conducted
focusing on the bacteria itself, its
pathogenicity and virulence factors,
Lyme disease, its genetic information
and diversity and its significance in
(global) health. For the phylogeny
SILVA was used to obtain S16 rRNA,
Clustal Omega for the alignment and
iTOL for the visualization.

Protein and comparative analysis
Three proteins from fragment 6, CheA
(fragment 1), CheW (fragment 2) and
UvrC (fragment 3), were selected for
annotation and analysis. CheA was
identified with NCBI smartBLAST and
its 3D structure retrieved from PDB;
CheW was identified with BLASTp,
functionally characterized via NCBI
Conserved Domain Database and its
structure found in PDB. UvrC was
profiled with BLASTp, InterPro and
UniProt, also its 3D model obtained
from AlphaFold. BLASTp-derived
sequences were then aligned in Clustal
Omega to get a phylogeny, which was
visualized in iTOL and formatted in
Sublime Text.

Overexpression Vector Design 
Protein annotations were sourced from
UniProt, and structures were retrieved
from the PDB and AlphaFold. The
plasmid carrying the ospC gene was
obtained from NCBI, and the
expression vector sequence from
Thermo Fisher Scientific. Primer design
and the cloning strategy were prepared
in Benchling to insert ospC into the
vector for overexpression of OspC.

The DNA fragment was identified as Borreliella garinii by BLASTn. Its ORFs, genes and
proteins were then recognized using NCBI ORFfinder and KBase Prokka.

Literature research examined B. garinii transmission by Eurasian Ixodes ticks, its
plasmid rich genome with surface and complement evasion factors enabling infection
and immune escape. The review also described Lyme disease presentation, its
placement within Lyme borreliae, and how diagnostics (VlsE, OspC) and vaccines
(OspA, OspC) are being developed.

Three KBase proteins were analyzed: CheA, a histidine kinase that initiates chemotaxis
signaling; CheW, an adaptor that links CheA to chemoreceptors; and UvrC, a nuclease
that performs the dual cuts in nucleotide excision repair around damaged DNA.

An in silico pBAD vector was made to overexpress OspC from B. garinii in E. coli TOP10,
but because OspC is nontoxic and needed in high amounts, a higher expression system
such as pRSET and improved higher GC primers would be more suitable. It requires an
experimental test.
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Table 2. A summary of the KBase gene annotation of the DNA fragment
belonging to M. pneumoniae. The gene of interest (adhesin P1, mgaA) is
highlighted in bold. 

Figure 4: In silico design of the overexpression
vector for the mgpA gene. Primers with specific
restriction sites were used to isolate the main gene
encoding for Adhesin P1, mgpA, from the M. pneumoniae
genome. The NcoI and EcoRI restriction enzymes were
used to introduce sticky in both the vector backbone and
GOI in order to create the recombinant pBAD-mgpA
plasmid. This construct can be transformed into E.coli
cells, where Adhesin can be expressed.  

This case study focuses on investigating an unidentified DNA sequence
that was blasted and traced back to the pathogen M. pneumoniae. To
further analyze the genetic and proteomic features of this organisms,
KBase, InterPro, AlphaFold, STRING, Pymol and Benchling were utilised.

Table 1. Raw BLASTN results from the unknown sequence 3 from DNA
set 21. All the hits belong to the organism Mycoplasma pneumoniae.  

Figure 3: The full STRING
network, visualized in STRING.
The string is a prediction of how
well other proteins partner with the
adhesin P1 protein. The factors  
looked at were: gene
neighborhoods, gene fusions, gene
co-occurrence, textmining, co-
expression and protein homology
combined. Above Figure 3 a table
with the score of these prediction
are given from the top 10 proteins.
The top hits were highly associated
with high gene neighborhood scores
and also encoded for adhesion
proteins [6].

An unknown DNA fragment was identified as part of the genome from the
pathogen Mycoplasma pneumonia; the subject of this case study.
Bioinformatics resources were used to explore the genome and
pathogenic gene of the organism and its corresponding protein. In silico
analysis was used to design an overexpression vector that could aid in the
study of the pathogenic protein and its role in infection. 

Mycoplasma pneumoniae is a bacterium that belongs to the genus
Mycoplasma and the class Mollicutes. Its genome has 816,394 bp and 687
genes [1]. M. pneumoniae cannot produce a cell wall, the structural
support is provided instead by sterols [2]. It is a parasitic pathogen that
lives on the epithelial surface of its host. It infects only humans, causing
atypical community-acquired pneumonia, pharyngitis and
tracheobronchitis. The infection is initiated by cytadherence of the
organism to the epithelium by proteins like P1-adhesin transmembrane
proteins. These bacteria attach to the epithelial membranes of the
respiratory tract, damaging the cells, recruiting cytokines and producing
hydrogen peroxide and superoxide [3]. Antibodies against M. pneumoniae
may act against human brain cells and red blood cells, causing anaemia,
fever, chest pain and coughing [4].

Figure 2: Structural analysis of adhesin P1 in
M. pneumoniae. NCBI pBLAST (DB: PDB) best hit
was Chain A, Adhesin P1 (per. indent. 63.26%).
With InterPro the domains of the PDB structure
contained an Adhesin P1 N-terminus domain and
C-terminal domain, while the CDS of adhesin P1
only contained a shorter C-terminal domain.

a) PyMOL structural alignment of PDB structure
(id: 7BWM) (green) and AlphaFold structure (red).

b) Cryo-EM structure of M. pneumoniae Adhesin
P1 chain A with resolution of 2.90Å (PDB id:
7BWM). Cartoon representation with color scheme;
sequence ID (red= N-terminus, blue= C-terminus).

a) b)

c)

c) Figure from “Immunodominant proteins P1 and P40/P90 from human
pathogen Mycoplasma pneumoniae”. Crown shown in green comes on top of
seven-blade beta-propeller (orange) with the N-terminal domain arranged
around it [5].

Figure 1: Schematic representation
of  M. pneumoniae and its gliding
motility mechanism [5]. The
coordinated interaction of adhesin
proteins in the bacterium’s attachment
organelle enables it to bind to
sialylated oligosaccharides on a host
or solid surface and glide forward in
the indicated direction.

An NCBI BLASTx was performed on sequence 3, set 21. KBase was used
with Prokka annotation to identify the genes present. Literature research
was done on M. pneumoniae and its infection in humans. For the analysis
of the structure of adhesin P1, NCBI BLASTP with the database (DB) of
the protein data bank (PDB) was performed on the amino acid sequence.
AlphaFold was used to predict the protein structure, and PyMOL was used
to compare the AlphaFold and PDB structures. To see the difference in
the encoded domains of the CDS and PDB protein sequence, InterPro
was used. The protein adhesin P1 was searched in the STRING DB. To
create an in silico overexpression of the mgpA gene, Benchling was
used. The primers were designed with PrimerBLAST to isolate the gene
from the genome. These primers contained restriction sites needed for the
ligation in the pBAD-sfGFP plasmid. 

Figure 5: Attachment organelle in M. pneumoniae [7]. The C-terminal of
P1 plays a crucial role in the attachment process. It is mostly clustered at the
tip of  the attachment organelle, where P1, attached to P40/90 complex,
recognises and attaches to sialylated oligosaccharides. This regulates the
P40/90 binding site, making P1 essential for gliding motility and adhesion [7].
Proteins A, B, and C act as scaffolds, ensuring the correct localisation of
P1 in the mycoplasma membrane. Also, the proteins HMW1, 2, and 3 are
critical for the structural integrity of  the entire attachment organelle.
Regarding the motility in M. pneumoniae, it is ATP-dependent as well as
unidirectional thanks to the Nap machinery [7, 8]. Moreover, the energy
requirements of  mycoplasma are directly related to its overall ability to attach
to different surfaces via the relationship between the phosphorylation rate
of P1 and HMWs and glucose content [8].

Figure 6: Mechanism of M. pneumoniae infection and immune
response [9]. Different proteases and proteins from mycoplasma
could dampen the innate immune response of  the host cell by
releasing proteases and degrading nucleophiles [7]. They can also
release ROS and hydrogen peroxide which, in combination with their
ability to trigger active immune response, further deepen cell
damage. Additionally, the bacteria can also cleave antibodies [7, 9].
When it comes to P1 and P40/90, their structures are recognized by
Igs proving their immunogenic value [5]. Moreover, P1 not only helps
with host invasion, but also with the escape of pathogens from Abs.
However, the rigidity and genetic variability of  its N-end make it a bad
drug target while the highly conserved, yet flexible structure of the
C-end makes it very efficient for such purposes [5, 7]. 

The fragment was identified as part of  M. pneumoniae by BLASTN. Adhesin P1 was
found in the DNA fragment by KBase. Other proteins found in the same gene
neighborhood, also had cell adhesion properties. The structure of  the amino acid
sequence (from KBase) only partially covers the structure (7BWM) from blastp, but
they do align. There was found that the KBase sequence only contains a shorter C-
terminal domain of  adhesin P1 and no N-terminal domain. In addition, its
cooperation with P40/90 is essential for inducing adhesion and gliding motility. 
Adhesin P1 was overexpressed in silico in the plasmid pBAD-sfGFP. This enables
further study of  the protein structure and functionality, host interactions, immune
recognition and potential vaccine production. Since P1 exhibits such a central role in
adhesion and inhibition of  the  immune response, targeting its C-terminal is a leading
and sensible strategy for development of  mRNA vaccines.
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Fragment
num.

Type Start
position

Length (nt) Strand (-/+) Gene
synonym

Full name of
product

fragment_2 gene 4764 5390 - atpD
V-type ATP
synthase subunit D

fragment_2 gene 9313 9939 - atpE
V-type proton
ATPase subunit E

fragment_1 gene 6324 7190 + COQ2

4-
hydroxybenzoate
polyprenyltransfer
ase, mitochondrial

fragment_1 gene 8234 9334 + ecdB
putative UbiX-like
flavin
prenyltransferase

fragment_3 CDS 19390 19995 - ffh
Signal
recognition
particle protein

fragment_3 gene 19390 19995 - ffh
Signal
recognition
particle protein

Scientific Name Total Score Query Cover E value Per. Ident Accession

Chlamydia abortus S26/3 36934 100% 0 100% CR848038.1

Chlamydia abortus 36928 100% 0 100% CP024084.1

Chlamydia abortus 36767 100% 0 9.986% LN554883.1

Chlamydia abortus 36767 100% 0 9.986% CP070224.1

Chlamydia abortus 36767 100% 0 9.986% LN554882.1

Chlamydia abortus 36767 100% 0 9.986% CP021996.1

Chlamydia abortus LLG 36322 100% 0 9.946% CP018296.1

Chlamydia abortus 36265 100% 0 9.941% CP158101.1

Unraveling Chlamydia abortus: 

Targeting the SRP-Dependent Pathway to Neutralize Pathogenicity

Introduction
The “Tree of Life” is a fundamental concept in Biology which divides all life
into three major groups, one of which is Bacteria. Bacteria are highly
abundant, constantly evolving, and remain a major focus of study. 

In this case study, a DNA fragment from an unknown bacterium was
identified as Chlamydia abortus and analyzed using theoretical and
bioinformatics tools, focusing on genes and proteins involved in
pathogenicity. 

Chlamydia abortus is a non-motile, obligate intracellular, Gram-negative
bacterium that primarily infects small ruminants but can also infect
pregnant women, making it a zoonotic pathogen (1). 
Transmission occurs mainly through ingestion or aerosol inhalation of
contaminated abortion material (2).

It has a biphasic life cycle, alternating between the infectious elementary
body (EB) and the replicative reticulate body (RB) (3). Several EB surface
proteins, including polymorphic membrane proteins (Pmps), function as
autotransporters essential for host adhesion (4). 

Their correct localization depends on the signal recognition particle (SRP)
pathway, with ffh gene encoding the SRP protein responsible for directing
membrane proteins to their proper location (5, 6).

The potential neutralization of pathogenicity was explored through gene
overexpression using an in-silico design.

Abstract
This case study focuses on a DNA fragment set from an unknown
bacterium, which was identified as belonging to the Chlamydia abortus
species through an nBLAST search. 
Using theoretical, genomic, and proteomic analyses, the genes
present, the proteins they encode, and their roles in pathogenicity,
protein interactions, and cellular functions were examined, as well as
strategies for managing infections. These analyses were performed
using tools such as NCBI, KBase, AlphaFold and Benchling.

Table 2: Table summary of 6 Kbase Prokka genome annotation results from
all 3 fragments of Fragment_set_09  with hypothetical proteins and regions
containing no product removed. The CDS and gene of ffh (with product signal
recognition particle protein) highlighted, as this gene and its protein is used for
further analysis.

Figure 1: Cartoon representation of a pregnant sheep showing the biphasic
developmental cycle of Chlamydia abortus, illustrating the attachment and
entry of elementary bodies (EBs) into susceptible host cells, their conversion to
reticulate bodies (RBs), and subsequent release as EBs (6).

Methods and materials 
Organism and gene identification
NCBI nucleotide blast was used to identify from which organism DNA
fragment set nine was from (see table 1).
Standard database (nr, etc.) (core_nt) was used and optimisation of highly
similar sequences (megablast).
KBase was used for efficient and comprehensive gene annotations (see
table 2) by Annotate Assembly and Re-annotate Genomes with Prokka -
v1.14.5 Type: KBaseGenomes.Genome-11.1 Version: 1.

Literature research on pathogenicity 
To understand the transmission and infection mechanisms of Chlamydia
abortus, a literature review was conducted focusing on its origin, host
targets, modes of infection, and pathogenicity, with particular attention to
the SRP pathway and the roles of ffh, ftsY, and Ftsy.

Structure visualization of FtsY
The protein structure of the signal recognition particle receptor (FtsY) was
found and visualized in AlphaFold (EMBL-EBI, Alphafold PSD). The three
domains were highlighted with the “domain” feature in cartoon
presentation mode after which the A domain was further highlighted. 

In silico design of the ftsY expression vector
The nucleotide sequence of ftsY was found on NCBI and imported in
Benchling. ThermoFisher was used to find the sequence for the pBAD/His
vector and Primers were designed in NCBI Primer-BLAST. 
Digestion and ligation were performed and analysis of recombinant DNA
was done to check that final construct is correct.

Figure 2. The four steps of the signal recognition particle (SRP) dependent
pathway. The pathway starts with recognition of the signal peptide sequence on
the Pmp by SRP, SRP/FtsY dimerization, translocon binding and dissociation of
the SRP/FtsY complex. Created with biorender. 

Results

Conclusion
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Figure 3: AlphaFold protein structure of the FtsY receptor is divided
into three domains: the NG domains (N = orange, G = green) and the A
domain (highlighted in the picture). The NG domain is divided into a
nucleotide binding domain (N) and a GTPase domain (G) that contains
nucleoside triphosphate hydrolases whereas the A-domain anchors the
protein to the membrane. 

Table 1: nBLAST results for organism identification showing the scientific name, total
score, query cover, E-value, percentage identity, and accession number. The total score
reflects alignment strength, query cover shows sequence overlap, the E-value indicates
match significance, and percentage identity measures sequence similarity. The table
identifies bacterium Chlamydia abortus as the organism fragment set 9 belongs to.

Nucleotide BLAST analysis of fragment set 9 showed the
sequence belonged Chlamydia abortus. The ffh gene from 57
KBase annotatated genes was selected for further study
because it encodes a signal recognition particle protein (SRP)
involved in the correct localization of polymorphic membrane
proteins (Pmps) that play a role in the organism’s
pathogenicity.
 
The protein structure of the SRP receptor FtsY showed that
FtsY is anchored to the inner membrane with its A domain and
that the SRP/FtsY complex is made possible by the NG
domains dimerizing. 

The overexpression of the FtsY receptor will stimulate
premature binding to the Ffh-SRP preventing the
translocation of virulence protein Pmps. 

Further optimization of the outlined mechanism could
consider post translational modification by cleavage of N-
terminus at the A domain. This would lead to increased
solubility of the FtsY receptor after overexpression ensuring
selective accumulation of`FtsY in the cytosol, promoting
premature binding of Ffh-SRP (8). 

Ultimately, regulation of FtsY-Ffh interactions could enable
new antimicrobial therapeutic treatments against
Chlamydia Abortus infections in affected organisms.

Biological process of SRP-dependent pathway
1.The signal recognition particle SRP is a ribonucleoprotein,

consisting of Ffh-protein and 4.5S RNA, binds to signal
sequences of translating virulence proteins (Pmps) emerging
out of ribosomes. 

2.RNC-SRP/FtsY GTPases dimerization at the NG domains 
3.Pmps are passed through the translocation pore on the inner

plasma membrane of the bacteria by the hydrolysis of GTP. 
4.Disassociation of the RNC-SRP/FtsY complex (7).

Organism identification

KBase genome annotation

3D structure of FtsY

In Silico Design overexpression ftsY gene 

Figure 4: in Silico Design for cloning FtsY gene in pBAD vector. 
It shows pBAD vector used to clone FtsY receptor gene from Chlamydia
abortus S26/3 strain using NcoI and NheI restriction enzymes. The
recombinant plasmid has a length of 8083 bp.

8.1 kb

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNDB_BATCH_ID=846829022&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=10&ALIGNDB_MULTIQUERY=TRUE&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null%20and%20seq1_name=%27lcl%7CQuery_3930723%27&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&CURR_QUERY_ID=lcl%7CQuery_3930723&DATABASE_SORT=0&DESCRIPTIONS=10&DYNAMIC_FORMAT=on&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=10&NUM_QUERIES=3&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=FZ3F2H4A015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&ADV_VIEW=on&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNDB_BATCH_ID=846829022&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=10&ALIGNDB_MULTIQUERY=TRUE&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null%20and%20seq1_name=%27lcl%7CQuery_3930723%27&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&CURR_QUERY_ID=lcl%7CQuery_3930723&DATABASE_SORT=0&DESCRIPTIONS=10&DYNAMIC_FORMAT=on&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=10&NUM_QUERIES=3&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=FZ3F2H4A015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNDB_BATCH_ID=846829022&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=10&ALIGNDB_MULTIQUERY=TRUE&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null%20and%20seq1_name=%27lcl%7CQuery_3930723%27&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&CURR_QUERY_ID=lcl%7CQuery_3930723&DATABASE_SORT=0&DESCRIPTIONS=10&DYNAMIC_FORMAT=on&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=10&NUM_QUERIES=3&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RID=FZ3F2H4A015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&ADV_VIEW=on&DISPLAY_SORT=0&HSP_SORT=0
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Conclusion

Listeria monocytogenes is a gram-positive, catalase-
positive, facultative intracellular rod that can grow at
refrigerator temperatures [29]. It is a major cause of
foodborne illness, commonly linked to contaminated
deli meats and unpasteurized dairy products. The
bacterium survives in diverse environments such as
soil, water, sewage, animals, and food processing
plants, and can infect both humans and animals [13].

In humans, it causes listeriosis, which may lead to
meningitis, sepsis, encephalitis, spontaneous abortion,
or mild gastroenteritis, particularly in pregnant women,
the elderly, and immunocompromised individuals [29].
Transmission occurs mainly through ingestion of
contaminated food, responsible for 85–95% of cases,
and can also occur transplacentally or during birth;
nosocomial and person-to-person spread are rare [22].

Pathogenicity

Gene annotation of L.monocytogenes  

Table 2: KBase results fragment 2

A detailed analysis of Listeria monocytogenes was
performed using various bioinformatic tools and
resources. This revealed that it is a foodborne pathogen
capable of surviving and replicating at low
temperatures, making it a big cause for foodborne
outbreaks. 

Analysis of the ccpA and prfA genes and their structures
showed insights into the organism's metabolic
regulation and virulence factors. Moreover, a
construction of an overexpression vector for ccpA was
made to study how the protein works and to explore it
as a possible target for drug design. Lastly, Research
about listeria monocytogenes’ pathogenic mechanisms,
revealed that L. monocytogenes infects via the
transmission pathway.

Overall, Listeriosis’ global health impact, with it
specifically being risky for vulnerable groups, highlights
the importance of food safety and proper therapies. 

Global health 

Figure 6. The pBAD plasmid containing the ccpA gene, indicated in pink. The
restriction enzymes used are highlighted in green and brown.

 Transmission pathway

Figure 2 L. monocytogenes invasion and intracellular spread.
Surface proteins InlA and InlB enable host cell entry, after which LLO and PI-PLC
lyse the primary vacuole, releasing bacteria into the cytosol for replication. ActA
recruits VASP and the Arp2/3 complex to drive cell-to-cell spread, with LLO and
PC-PLC lysing the secondary vacuole to infect adjacent cells [32].

Even though listeriosis is a relatively rare disease with 0.1
to 10 cases per million per year [4; 38), Listeria
monocytogenes is still among the top causes of foodborne
illness-related hospitalizations in North America and
Europe [18]. 
There is no human vaccine [24], so global health strategies
rely on safe food handling and avoidance of high-risk
foods [9]. Treatment typically involves ampicillin, though
antibiotic resistance is a growing concern [33]. Research
into new therapeutic targets about PrfA inhibitors and
FDA-approved drugs is ongoing, but shows promise. [19;
11; 27].

Many proteins were found, no pathogenic proteins were
found in all 3 fragments, therefore further analysis was
done with ccpA found in fragment 2 and PrfA, not found
in any fragment, due to its importance in pathogenicity.

Bioinformatic Characterization of the Genome and Proteome 

Abstract
This case study explores a DNA fragment, which was
determined to be Listeria Monocytogenes using
BLAST. This project aims to use bioinformatics tools to
analyze the genome and proteome of L.
monocytogenes to uncover how its genes and key
proteins, such as PrfA and CcpA, contribute to its
pathogenicity and global health impact.

Introduction

Results
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Figure 1. Transmission of L. monocytogenes bacteria. Transmission
happens via ingestion of contaminated food or transplacentally during
pregnancy [23]. 

NCBI 
The NCBI webserver was first used to determine the
organism, using a nucleotide BLAST. This was done using
the standard databases and optimized for highly similar
sequences. 
The webserver was also used to perform an ORFfinder,
using the settings: minimal ORF length 75 nt, genetic code
1. standard, and "ATG" and alternative initiation codons. 

KBase
The KBase webserver was used to perform a gene
annotation. This was done following the instructions of
the KBase documentation guide. Prokka (Annotate
Assembly and Re-annotate Genomes with Prokka –
v1.14.5)  was used to annotate the sequence. 

Protein analysis
To analyze the protein structures, AlphaFold, InterPro,
TMHMM, and the PDB webserver were used. This was
done for two different genes. 

In silico overexpression
The ccpA gene from L. monocytogenes was amplified
using primers designed with NCBI Primer-BLAST and
Benchling, incorporating restriction sites to generate
sticky ends. Complementary sticky ends were introduced
into the pBAD vector using the same restriction enzymes.
The recombinant plasmid was transformed into
Escherichia coli DH5-α . This allowed production of the
CcpA protein in a bacterial system.

Table 1: BLAST results. The DNA fragment is located on the  L. monocytogenes 
genome

Blast of unknown sequence

In silico vector design 

Figure 4. The 3D structure of the CcpA protein. The different colours
represent different domains, using Interpro, one DNA binding site was
identified as a helix-turn-helix (green) as well as two Rossmann like folds
(red, purple) which assists in cofactor binding. 

Figure 5. The 3D structure of the PrfA protein. The colours represent the location
of the N-terminal (blue) and C-terminal (red). Analysis of the protein sequence in
Interpro revealed a helix-turn-helix important in DNA binding and a jelly roll fold
which binds cofactors.

Protein structures of ccpA and prfA

Figure 3 The transmission pathway of Listeria monocytogenes through oral
infection [12].
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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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EXPLORING MYCOPLASMOIDES PNEUMONIAE
THROUGH BIOINFORMATICS

Pathogenicity

M. pneumoniae cannot move on its own            terminal organelle
complex (P1, P30, P116, HMW) → mediates host attachment
glides slightly along surfaces 

  START INFECTION
outside             adhesins P1, P30 are the main sticky proteins 

                                  + accessory proteins (help P1 & P30)
inside            gives it structure & stability              

A predicted 3D model was obtained, using
AlphaFold, to assess the structural features of the
M. pneumoniae phosphofructokinase. The
probable ATP-dependent 6-phosphofructokinase
protein consists of two distinct domains. Domain 1
spans residues 7-142 and 265-312, while Domain 2
covers residues 145-260. The two domains belong
to two distinct CATH homologous superfamilies. 

Function of pfkA
 Catalyzes F6P → F1,6BP, committing F6P to
glycolysis (occurs in cytoplasm)
Binds ATP and Mg-ATP at the catalytic site.
Switches between open and closed
conformations upon ligand binding.
Allosterically regulated:

       ⟶ Activated by ADP/AMP
       ⟶ Inhibited by ATP/citrate

 

Escapes neutrophil traps (NETs) → Produces nuclease (MPN491) that
cuts apart DNA webs, freeing the bacterium
Neutralizes oxidative attacks → Makes antioxidant enzyme
(MPN668) that breaks down peroxides (H₂O₂) and protects from ROS
Avoids antibody recognition → Performs homologous
recombination, changing its surface antigens so immune cells can’t
detect it easily 

Introduction

Materials and Methods

The aim of this study was to identify the origin of an unknown DNA fragment
using bioinformatic tools and to analyze the biological functions of its encoded
genes and proteins. By examining predicted ORFs, encoded proteins,
phylogenetic relationships, and protein structure, the DNA sequence was linked
to functions contributing to the organism’s pathogenicity.

M. pneumoniae is a wall-less, pleomorphic
bacterium from the class Mollicutes and the
main cause of respiratory infections such as
“walking pneumonia.” (Waites & Talkington,
2004). It has one of the smallest genomes of
any self-replicating bacterium (~816 kb, 687
genes) and relies heavily on its host for
essential nutrients and energy due to
reductive evolution. As it lacks a
peptidoglycan cell wall, it maintains a
cholesterol rich membrane obtained from
the host. 

Figure 2:  Phylogenetic tree of ATP-dependent 6-phosphofructokinase (PFK) homologs for 25 bacterial species:
The PfkA sequence from Mycoplasmoides pneumoniae clusters with other Mollicutes, originating from Firmicutes.
Unlike the highly regulated ATP-PFKs of Proteobacteria, M. pneumoniae’s enzyme functions constitutively due to its
reduced genome. The tree illustrates the evolutionary plasticity of the PFK superfamily, shaped by phosphate-donor
switching, regulatory diversification, and occasional horizontal gene transfer, while maintaining a conserved role in
glycolysis across bacterial lineages.

CARDS toxin → triggers inflammation and ciliary damage
hydrogen peroxide (H₂O₂) and superoxide 

→ damage membranes, proteins, and DNA → holes → cell injury & death

Results
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Abstract

From unknown DNA fragment to functional gene analysis

This case study explores the contents of an unknown DNA fragment. BLAST analysis
revealed that the sequence originates from Mycoplasmoides pneumoniae. Further
investigation using bioinformatic tools such as NCBI, RCSB, KBase, Benchling,
InterPro, and AlphaFold identified three key proteins: a high-molecular-weight
cytadherence protein, the chaperone protein DnaK, and the ATP-dependent 6-
phosphofructokinase. These proteins are involved in adhesion, protein folding,
and glycolysis, respectively, highlighting the bacterium’s adaptations for host
dependence and survival.

Table 1: Longest ORFs of each DNA fragment analysed with BLASTp
The longest ORFs identified correspond to key Mycoplasmoides pneumoniae proteins: ORF22 encodes an adhesin
critical for host cell attachment, ORF52 encodes the molecular chaperone protein DnaK, involved in protein folding
under stress, and ORF29 encodes the enzyme ATP-dependent 6-phosphofructokinase, a central regulator in
glycolysis. The high sequence identity confirms that the DNA fragments originate from Mycoplasmoides pneumoniae.

Organism Identification and Gene Annotation
A BLASTx search of DNA Segment 21 was performed against the UniProt/ Swiss-Prot
database to identify the organism. 
To further analyze the sequence:

ORFs were predicted for each of the three fragments within the segment, using
the NCBI ORF Finder.
From each fragment, the longest ORF was selected for further analysis using
BLASTp, to identify homologous proteins.

Phylogenetic Analysis
The ATP-dependent 6-phosphofructokinase (pfkA) sequence was compared
across species using BLASTp. 
25 homologous sequences were selected and aligned using Clustal Omega 
A phylogenetic tree was generated and visualized using iTOL to explore
evolutionary relationships.

 In Silico Cloning
The pfkA gene was cloned in silico into the pET27b+R expression vector using
Benchling.
Vector sequence was retrieved from Addgene and annotated in Benchling.
Primers containing BamHI and EcoRI restriction sites were designed using Primer-
BLAST.
Virtual PCR, restriction digestion, and ligation were carried out in Benchling’s
Assembly Wizard to create pET27b+R_pfkA.

Structural and Functional Protein Analysis
The protein sequence of pfkA in M. pneumoniae was analyzed using InterProScan
to gain insight into the function of the protein and its regulation.
AlphaFold was utilized to obtain a prediction of the 3D model.

Literature research on human infection:
To better understand M. pneumoniae pathogenesis, a literature review was
conducted on its interaction with human cells, focusing on adherence, toxin activity,
inflammation, and immune evasion

Figure 3: Benchling map of the pET27b+R_GOI construct (6,378 bp) showing the GOI insert (pink) cloned into the
MCS using BamHI (5′) and EcoRI (3′) sites.
The recombinant plasmid pET27b+R_GOI (6,378 bp) was built by inserting the gene of interest GOI (pink) into the vector
between with the BamHI and EcoRI restriction sites. The construct includes a T7-promoter and a His-tag for protein
expression and purification in E.coli. The gene is inserted in the correct orientation and reading frame, confirming a
successful design. 

BLASTp Results of longest ORFs  

Direct Damage

 Inflammation (Over-active)

Immune Evasion

Phylogenetic tree of phosphofructokinase homologs    

toxins → irritate cell → activate NLRP3 → cell releases  IL-1β & IL-18
→ swelling, mucus, cough, tissue irritation

Recombinant plasmid pET27b+R_GOI (6,378 bp) in silico 

Adherence
M. pneumonia adhesion causes cell damage
Adhesins tightly bind to sialylated sugars on our airway cells

       steal nutrients and hijack the cell’s metabolism
EF-Tu proteins can also bind to fibronectin and improve
colonisation

Cytadherence  = the ability of a bacterium to stick to the surface of host cells

terminal button +paired plates + bowl complex

Conclusion
The unknown DNA fragment was identified as originating from Mycoplasmoides pneumoniae through BLAST analysis of the
largest ORFs. M. pneumoniae is a small, wall-less bacterium that infects the respiratory tract using a specialized attachment
organelle.

Using bioinformatic tools key proteins were identified — including a high-molecular-weight cytadherence protein essential
for host attachment, the molecular chaperone DnaK, and the ATP-dependent 6-phosphofructokinase enzyme vital for
glycolysis. Literature Research revealed pathogenicity involves adhesion-driven cell damage and virulence factors such as the
CARDS toxin and ROS, which trigger inflammation and tissue injury.

Further analysis revealed evolutionary relationships of the pfkA gene, and in silico cloning of this gene into the pET27b+R
vector was designed to enable functional protein expression. Future research may focus on overexpressing and characterizing
this enzyme as a potential metabolic drug target, alongside exploring surface adhesins for clinical treatments of “walking
pneumonia”. 

Structural and Functional Protein Analysis
Alphafold model of phosphofructokinase domains

Figure 5. Pathogenic Mechanisms of Mycoplasmoides pneumoniae:
 

Figure 1: Walking pneumonia symptoms 

(1) Adherence via adhesins and EF-Tu, (2) Cytotoxicity by CARDS & ROS, 
(3) Inflammatory signaling through TLR and NLRP3 pathways 
 (4)Immune evasion via nucleases, antioxidants, and antigenic variation.

Figure 4: Domain organization of the probable ATP-dependent 
6-phosphofructokinase protein predicted by AlphaFold. Domain 1 is

green, and Domain 2 is orange. 

References



Scientific name 
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score

Query
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E
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Accession
number

Campylobacter jejuni
subsp. jejuni strain 35925 

369
34

100% 0.0
CP01090
6.1

Campylobacter jejuni
strain NCTC 12661

369
34

100% 0.0
CP028911.
1

Campylobacter jejuni
subsp. jejuni strain ATTC
35925

369
34

100% 0.0
CP02004
5.1
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sequence
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score
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identity 
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Accession
number

Hemagglutination activity
domain protein
[Campylobacter jejuni
subsp. jejuni]

2205 100% 0.0
AJP35212.
1

Filamentous
hemagglutinin N-terminal
domain-containing protein
[Campylobacter jejuni]

1828 84.43% 0.0
EDO7428
080.1

Filamentous
hemagglutinin N-terminal
domain-containing
protein[ Campylobacter
jejuni]
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BLASTn of DNA fragment set 8

Table 1: BLASTn results obtained through NCBI-BLAST. A BLASTn was performed on NCBI, with all the
fragments of set 8 as input. The table summarizes the significant results from this BLAST, which indicate that
the DNA fragments originate from Campylobacter jejuni.

Table 1: BLASTp  results of ORF26 from fragment 2,  obtained through NCBI-BLAST.  Hemagglutinin
activity domain protein from C. jejuni shows the highest percentage identity, as well as a query cover of 100%.
The ORF likely encodes a protein with hemagglutination activity, but which one it is exactly, remains unclear
based on these results.

BLASTp of ORF26

FhaB domain structure

Figure 2A: 3D structure
found in Alphafold of
Filamentous
hemagglutinin N-
terminal domain-
containing protein of
Bordetella sp.02P26C-1.
The colouring was set
for hydrophobicity;
green for hydrophobic
(non-polar) amino acids,
red for charged
(hydrophilic) amino
acids. 

 

Figure 2B: 3D structure of Filamentous
hemagglutinin N-terminal domain-
containing protein predicted by Alphafold,
based on the sequence from KBase. The
protein is visualized as a surface-model and
the colours represent hydrophobicity.
Hydrophilic amino acids are red,
hydrophobic amino acids are green. The
amino acids sticking out of the surface are
mostly hydrophilic. Of the amino acids in the
tail (on the left), a large portion is
hydrophobic (green/yellow). 

In silico overexpression

Figure 3: The pRSET-A with the hemagglutination activity domain
inserted. It shows the gene within the MCS and downstream to the T7
promoter. The insert is longer than the actual gene as shown in the
vector. Benchling was used to make the overexpression vector.

Pathogenicity of Campylobacter jejuni

Figure 1: Summary of the Campylobacter jejuni infection in humans. This figure showcases the way in which
C. jejuni is able to contaminate humans.

BLAST and ORF-finder

Literature research on the organism
and its pathogenicity

In silico overexpression

Domain structure visualization
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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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Name: Helicobacter pylori

Organism: Bacterium

Category: Gram negative

Shape: Helical and S-shaped

Mobility: Flagella & chemotaxic action 

Incubation time: 3 days 

Transmission: Oral - Oral, Fecal - Oral (trough
water or food consumption) 

From Interpro, the following information on the protein
retrieved:

Domains:
Arginase/deacetylase domain (superfamily
SSF52768)
Ureohydrolase domain 

Biological processes:
 arginine metabolic process → The chemical
reactions and pathways involving arginine, 2-amino-
5-(carbamimidamido)pentanoic acid.
l-arginine + h2o > urea + l-ornithine

Molecular function:
arginase activity 
metal ion binding → manganese ion binding

Families:
Gene locus:-Located at the rocF gene
rocF-arginase → ureohydrolase superfamily

Helicobacter Pylori
Pathology, proteins and characteristics 
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Analysis of DNA fragments
NCBI ORF finder website is used to find the ORFs

Settings used: standard settings of the site.
BLASTP is done to compare the protein sequence against a protein
database to find similar sequences. 

Settings used: standard settings, the database selected:
UniProtKB/Swiss-Prot(swissprot).

Literature research 
To have a deeper understanding of Helicobacter Pylori, a literature
study was done in respect to the virulence of the bacteria, the
symptoms of infected individuals and the potential therapeutic effects
Arginase might have. 

Comparative protein study
The NCBI website was used to search for similar proteins. 20 similar
protein sequences are selected. Selection requirements:

Do not 100% Per. Ident.
Do not have same AA length 

Clustral Omega webserver is used to form a Guide tree and
phylogenetic tree, to later use in iTOL.The tool called “iTOL
(interactive tree of life)” is used to build a phylogenetic tree. The
colour coding is done based on taxonomy (the three domains), this
information was found on NCBI.

Detailed protein analysis
To start, the sequence of arginase was put in InterPro to identify
domains, biological processes and functions. Furthermore, the
STRING database was to visualize the protein network of arginase. At
last to further visualize the protein in 2D and 3D PDB and Alphafold
were used.

This case study centers on the detailed analysis of an unknown DNA
fragment. The unknown DNA sequence was found to originate from
the genome of Helicobacter Pylori, using BLASTp. By using
bioinformatic platforms such as NCBI ORFfinder, BLASTp, UniProt,
and phylogenetic tree construction tools, we research the genetic
properties of H. pylori and highlight the biological implications of a
major virulence factor called arginase.

Figure 4: 3D structure (a) and molecular surface (b) representation
generated with PDB of the protein Arginase. 

Figure 3: Pylogentic tree results of the organisms who share the protein Arginase. Coloured by their taxonomy     

In this case study, the unknown DNA sequence was found to
originate from the genome of Helicobacter Pylori. Helicobacter
pylori is a spiral-shaped, gram-negative bacterium that infects
the lining of the human stomach and is one of the most common
chronic bacterial infections worldwide, affecting more than half
the global population. It is typically acquired during childhood,
especially in areas with poor sanitation or crowded living
conditions, and is often transmitted through person-to-person
contact or contaminated food and water.
While many people with H. pylori infection have no symptoms,
the bacterium can cause chronic gastritis, peptic ulcers, and, in
rare cases, leads to stomach cancer or MALT lymphoma. 

Table 1: General information of the organism Helicobacter Pylori. 

Figure 1: Location of Helicobacter Pylori in the gut 

Figure 2: Result of STRING network of the protein Arginase. Interaction network of Arginase (b) and the smaller interactions (a). The different coloured
strings show different interactions.

a b

a b

The analysis shows that arginase is a highly conserved
protein found in both prokaryotes and eukaryotes, indicating
its essential functional role (figure 3). In Helicobacter pylori,
arginase belongs to the rocF family and is part of the
ureohydrolase superfamily. It converts L-arginine into urea
and L-ornithine, reducing host nitric oxide production and
aiding immune evasion. The enzyme is manganese-
dependent and has a well-defined catalytic pocket formed by
alternating α-helices and β-sheets. Encoded by the RocF
gene at the HP_1399 locus, it is active in the cytoplasm.
STRING analysis further suggests that arginase is part of a
broader metabolic network crucial for H. pylori survival
(figure 2).
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Table 1 | Genomic features identified within the Helicobacter
pylori DNA fragment using Kbase annotation tools.

Figure 4 | Structural comparison of NhaA in E. coli and H. pylori. A. Swiss-
Model predicted 3D structures of dimerized NhaA with membrane visualization
(grey) B. AlphaFold-predicted NhaA structures colored by model confidence
(pLDDT): dark blue (very high) to red (very low). C. TMHMM topology (fuchsia:
transmembrane; blue: inside; orange: outside).

Figure 3 | Phylogenetic tree of NhaA proteins in different species.
H. pylori, E. coli and 17 other random NCBI search hits were used to
create the tree. The branch lengths represent evolutionary distance,
indicated by a scale on top of the tree. Different colours separate the
different species. The proteins of interest, from H. pylori and E. coli,
are given a bolder colour.

Figure 5 | pUC19 plasmid with Helicobacter
Pylori pH-dependent sodium/proton antiporter
insert. Circular map of the 4137 bp recombinant
pUC19 plasmid showing key elements, including
the origin of replication (ori), ampicillin resistance
gene (ampR), and multiple cloning site (MCS). The
pH-dependent sodium/proton antiporter gene from
Helicobacter pylori was inserted at the lac-operon
site using the AccI and EcoRI restriction enzymes
(Created with BioRender).

Figure 2 | Overview of the bioinformatics case study workflow: A. Gene
annotation was performed with KBase and BLASTp to identify coding
sequences and their function. B. Protein structures were predicted and
compared through BLAST, SWISS-MODEL, AlphaFold, and TMHMM. C.
Phylogenetic relationships among NhaA homologs were inferred with Clustal
Omega and visualized in iTOL. D. Finally, H. pylori NhaA was cloned into the
pUC19 vector using AccI and EcoRI for plasmid construction.
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REFERENCES

INTRODUCTION

This case study analyzes an unknown DNA fragment from Helicobacter pylori to explore its genetic

composition and biological relevance. Sequence analyses identified conserved genes involved in acid

adaptation, including the Na⁺/H⁺ antiporter (NhaA), which supports pH regulation and survival in acidic

environments. Protein and phylogenetic analyses revealed structural differences from Escherichia coli,
suggesting evolutionary adaptation to gastric conditions. An in silico pUC19 plasmid incorporating the

NhaA gene was designed to model expression and functional studies. These results provide a framework

for future experimental validation and give an insight for potential applications.

Figure 1 | Helicobacter pylori (H. pylori) pathogenesis and associated gastric diseases: A. Diagram showing Helicobacter
pylori-associated gastric disorders, including duodenal and gastric ulcers, adenocarcinoma, MALT lymphoma, and
dysplasia/metaplasia arising from chronic infection (Ali & Alhussani, 2024). B. Overview of Helicobacter pylori interaction with
gastric epithelial cells, highlighting key virulence factors: CagA, VacA, and surface adhesins, affecting host signaling, membrane
integrity, and inflammation (Created with Biorender).

Helicobacter pylori is a spiral-shaped, gram-negative

bacterium that colonizes the human stomach and infects

nearly 44% of the global adult population (Chen et al., 2024).

H. pylori infection is a major public health concern, strongly
associated with gastritis, peptic ulcer disease, and gastric

cancer (Kao et al. 2016). Transmission commonly occurs

during childhood through oral–oral or fecal–oral routes,

particularly in regions with poor sanitation and overcrowding

(Li et al., 2023). In this case study, we examine a Helicobacter
pylori DNA fragment to identify its encoded proteins and

explore the characteristics and evolutionary relationships of

the Na⁺/H⁺ antiporter.

The genomic fragment was identified as Helicobacter pylori through BLAST and gene
annotation, revealing genes such as the Na⁺/H⁺ antiporter (HpNhaA), Sec translocon
components, and DNA repair enzymes. Structural comparison showed that HpNhaA
contains an inserted extracellular domain (aa 254–294) absent in E. coli, likely linked to its
function across a broader pH range (6.5–8.5) in the acidic gastric niche (Calinescu et al.
2014). Phylogenetic analysis confirmed its evolutionary divergence from neutral-pH
bacteria, reflecting long-term host adaptation (Atherton et al. 2009). A plasmid design was
proposed to express H. pylori NhaA in E. coli for functional validation of these acid-
tolerance features (Marcus et al. 2018).

Potential applications:

Probiotics – so they may pass the gastric digestion

Agriculture – so they may adapt to the lowering pH levels in our agricultural soils

Biotech – so they may survive harsher conditions in bioreactors
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Yersinia Pestis: Pathogenesis and
evolution

Characterization of an unknown DNA fragment
is important for understanding its pathogenesis
and evolution. In this case study, a DNA
fragment was analyzed and the organism of
origin was determined to be Yersinia pestis. It is
the causative agent of plague, which evolved
from Yersinia pseudotuberculosis ~5,000 years
ago gaining increased virulence and
transmission. 
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Figure 2. Phylogenetic tree of ten Yersinia strains containing the Invasin gene.
Constructed with iToL. Y. pestis is most closely related to Y. pseudotuberculosis.

Figure 4. X-ray crystal structure of Ail protein β-barrel found in Y. pestis (left)
and the X-ray crystal structure of Invasin from Y. pseudotuberculosis (right)
derived from RCSB PDB

In this case study, we identified the Invasin
pseudogene on the Y. pestis DNA fragment and
revealed its similarity to Invasin in Y.
pseudotuberculosis and other related species.
Our gene annotation and phylogenetic analysis
results showed that the Invasin gene in Y. pestis
is disrupted due to an IS200G insertion,
supporting the literature. The highly expressed
Ail protein used in Y. pestis, which serves a
similar function to Invasin, showed differences
in 3D protein structure, explaining their
different roles in adhesion and invasion.
Together, these findings illustrate the virulence
strategies in Y. pestis, specifically looking at the
Invasin and Ail protein.BLASTN and ORFfinder:

Identification of Y. pestis via UniprotKB/Swiss-
Prot and ClusteredNR database. To predict ORFs
and identify genes via ORFfinder, these settings
were used: Genetic code 11, start codon “ATG”
and alternative initiation codons. 

KBase and BLASTX:
Gene annotation by KBase database (Prokka) to
identify genes and to confirm the Invasin gene
and BLASTX against both the UniprotKB/Swiss-
Prot and ClusteredNR database.

Multiple Sequence Alignment (MSA) and
phylogenetics:
10 Yersinia species, including Y. pestis, selected
from the ClusteredNR database and a Clustal
Omega MSA was performed. Phylogenetic tree
generated in iTOL (Mode = rectangular, Branch
lengths = ignore) 

3D protein structure analysis :
RCSB PSB was used to determine 3D structures
of Invasin and Ail.

Figure 3. Clustal Omega Multiple Sequence Alignment of Y. pestis and two
related strains with a working Invasin gene (1-1004 AA)

Figure 1. Pathogenesis of Y. pestis.
Ail, PsaA and Pla are adhesins that
keep the cell attached to the host
and help evade the immune
system. F1 forms small pili that aid
in adherence and immune
evasion. Through T3SS, Yops are
injected that act on many
pathways and establish an
infection (Seabaugh & Anderson,
2024).

In this study Y.pestis was identified from an unknown DNA
fragment. Then, the Invasin pseudogene on this fragment
was chosen to be studied further using literature research,
gene annotation, multiple sequence alignment, a
phylogenetic tree and analysis of the 3D structures.

The gram-negative nonmotile Y.pestis caused a total of 3
deadly plagues, including the black death killing around 1/3
of Europe (Barbieri, et all., 2020). The blood-borne disease
normally occurs in rodents but could spread to humans by
flea bites. According to experiments, Y.pestis descended
from Yersinia pseudotuberculosis, an enteropathogen, around
5,000 years ago. Horizontal DNA transfer likely increased Y.
pestis' virulence, therefore certain genes were no longer
needed, like the Invasin gene. Those were lost (Parkhill, et
all., 2001). Two adhesins are now expressed at increased
levels; PsaA and the Ail protein, an outer membrane
protein which mediates host cell attachment, provides
resistance to the complement system of the host and plays
an essential role in the administration of virulence factors
into the host cells (Seabaugh & Anderson, 2024).

Table 2. Results of BLASTX. 6 best hits for ORF85, located via ORFfinder.
Sorted by E-value.

Table 1. Results of Kbase. Annotation of the genes on the
DNA fragment of Y. pestis using Kbase database. Hypothetical
proteins were left out. Multiple Flagellar genes were located
and two annotations of the Invasin gene.

S-numbers: S5634687, S5775361, S5949297, S6063365 and S5826489
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From Genome to Host
Bioinformatics Insights into Enterococcus faecalis

Organism information
E. faecalis is a gram positive, coccus shaped lactic acid bacteria, which thrives in the nosocomial environment and
is linked to various infections such as UTIs, endocarditis and bacteraemia. [1]
E faecalis displays multiple traits that increase its virulence.

Adherence to the host tissue - 4 specific types
Capsular polysaccharides - evade phagocytosis
Sex pheromones - conjugative plasmid system
Etracellular superoxide - disruptive oxygen radical
Hydrolytic enzymes - Gelatinase and Hyaluronidase
Cytolysin - forms pores in the cytoplasmic membrane of target cells
Biofilm formation - aids survival in harsh conditions

Transmission and infectionOverexpression vector

KEGG orthology: mapping links six genes to metabolic and
regulatory pathways, showing evolutionary conservation. Most
enzymes participate in shared bacterial processes like
carbohydrate, nitrogen, and tRNA metabolism, while cdaA’s c-di-
AMP signaling is uniquely restricted to Gram-positive bacteria. [3]

Cause of infection
The overgrowth of the bacterium in the gut
increases the probability of it translocating to the
bloodstream and to the other body parts. [15]

Introduction

Methods

Pathogenicity islands

Metabolic Pathways

The analysis included identifying Enterococcus faecalis from a DNA fragment, annotating genes and proteins, analyzing
metabolic pathways, protein structures, overexpression vectors, domains and interactions, studying pathogenic mechanisms,

human immune responses, phylogeny, gene regulation and genomic islands, transmission, and proposing treatment strategies.

Mechanisms of Translocation
Engulfing of the pathogen by macrophages:

Once engulfed, the bacterium is transported across the wall of the intestine &
into the underlying lymph system. Failure to kill the bacterium can lead to a
systemic spread.

Diffusion of the Enterococci from the gut into the bloodstream:
In a healthy individual, the innate system easily destroys the pathogen, but in an
individual with a weakened immune system, the bacterium may not be killed
which can lead to contamination of other body parts and to an infection. [15]

 Glutamine-fructose-6-phosphate transaminase (isomerizing)
The protein Glutamine-fructose-6-phosphate transaminase (isomerizing) Figure 1,
is encoded by ORF14 and takes part in carbohydrate metabolism as an enzyme.  
Role in virulence
E. faecalis can mitigate the host immune response by downregulating its
carbohydrate metabolism, which also helps in facilitating its own survival in
macrophages. [2] As Glutamine-fructose-6-phosphate transaminase (isomerizing)
is a carbohydrate derivative and has a role in biosynthetic processes it is also
affected by this downregulation. [3]

Enzymes: glmS and glmM for peptidoglycan biosynthesis,
glnA and nifJ for nitrogen and energy metabolism, cdaA for
signaling, and miaA and hflX for translation stability—
indicating conserved core metabolic functions. [3]

Experimental design
The glutamine fructose 6P transaminase, encoded by ORF14
in the target sequence was amplified in silico via PCR and
cloned into and overexpression vector.

The GOI extends in the original sequence from bp 3396 to
bp 1588, on the negative strand. Two primers were
designed to flank the GOI on either side:
Forward primer: EcoRI restriction site
Backward primer: BamHI restriction site

In silico PCR was performed to obtain the cloned GOI.
The pET vector was chosen and the final construct (figure 6)
was successfully assembled through a digestion and ligation
protocol, using BamHI and EcoRI as restriction sites.

Figure 6: Final construct. Yellow arrow indicates ligated GOI

Figure 4: The enzyme catalyzes the
first step in hexosamine
metabolism, converting fructose-6-
phosphate into glucosamine-6-
phosphate using glutamine as a
nitrogen source leading to Amino
sugar and Nucleotide sugar
biosynthesis.

Relevance
Glutamine 6P transaminase is involved in
carbohydrate metabolism. The
overexpression leads to a decreased
virulence, as the pathogens ability to
downregulate its metabolism and avoid
host detection is hindered. [2]

Figure 3: GI prediction

Figure 2: Predicted structure of
Phosphoglucosamine mutase from
AlphaFold

Figure 1: Experimental structure of Glutamine-fructose-
6-phosphate transaminase protein from PBD 

Pathogenic islands: IslandViewer 4 analysis of E. faecalis ATCC
29212, against reference genome of E. faecalis V583, detected
genomic islands elsewhere, but none within the 84–104 kb
fragment, confirming no virulence or resistance genes. [4]

Genes: Contains 15 annotated “housekeeping” and metabolic
genes linked to cell-wall biosynthesis, amino-sugar metabolism,
energy conversion, stress regulation, nutrient transport, and
signaling control. [5]

GC Content: The 20 kb
fragment shows a 38.1% GC
content, matching E. faecalis’s
genome average (~37.5%),
indicating native chromosomal
origin without horizontal gene
transfer evidence.

Transmission
The transmission of the bacterium can happen
through both direct contact and indirect contact. [16]
Figure 5: Dual characterecteristics of E. faecalis depending on enviroment

 Possible therapies
 Combining two beta-lactam antibiotics, such as cephalosporins, which work
synergistically & bind with penicillin-binding proteins, inhibiting cell wall
synthesis, and hence, destroying the cell. [17]
Combining the cell wall-active agents, such as amoxicillin, with
aminoglycosides such as gentamicin. [17][18]
Ozonated Aloe Vera diluted in 70% ethanol and clorophorm showed
moderate results for treating root canal infections caused by the bacteria. [19]

GenBank annotation – Verified gene functions.
KEGG mapping – Linked genes to pathways.
IslandViewer 4 – Detected genomic islands.
GC content – Calculated nucleotide composition.
Orthology analysis – Compared evolutionary conservation.
Enzyme classification – Assigned EC/KO roles.
Comparative genomics – Aligned with reference genome.
Benchling - Overexpression vector and related analysis
ORFfinder - Can find ORFs in a DNA sequence
UniProt - Information on proteins
InterPro - Information of protein domains and functions
BLAST (NCBI) – Identified homology and annotations of DNA and protein sequences.
Literature study – Reviewed E. faecalis research.

Preventative measures
 Proper hygiene in hospitals
Consuming the prescribed amount of antibiotics for the prescribed duration
to reduce the chances of bacterium mutating and developing resistance to
the particular antibiotic 
Hosting educational campaigns to raise public knowledge.

Transmission Pathways 
Spreads mainly via the fecal–oral route and persists
on surfaces due to environmental resilience. In
hospitals, biofilm formation enables transmission
through contaminated equipment and hands, while
endogenous strains cause infections when host
defenses weaken. [6][7][8][9][10]

Immune response
Host recognition of E. faecalis via TLR2 triggers
inflammation and neutrophil recruitment, yet the
bacterium’s stress-response and biofilm genes
promote persistence. It resists clearance, alters
cytokine signaling, and causes chronic or site-
dependent immune modulation. [11][12][13][14]

Host Immunity Possible treatments Conclusion
 Even though the bacterium is intrinsically resistant to
the individual antibiotics, it can be destroyed by
combining the antibiotics together. However, due to
the plasticity of the Enterococci’s genome, a definitive
cure has not been found and likely will not be found
which makes preventative measures a high priority.
[20]
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O A P A T D H A F B P C 2

C O N C L U S I O N

E x t r a c e l l u l a r  l o o p s :
T h e  l o o p s  o n  t h e  t o p
o f  t h e  β - b a r r e l  f a c e

t h e  e x t r a c e l l u l a r
e n v i r o n m e n t .

I n v o l v e d  i n  s u b s t r a t e
r e c o g n i t i o n ,  b i n d i n g
a n d  s p e c i f i t y  o f  t h e
r e c e p t o r  f o r  h e m e .

P l u g  D o m a i n :
l o c a t e d  i n s i d e  t h e  β -
b a r r e l .  I t  b l o c k s  t h e

β - b a r r e l  i n  t h e
r e s t i n g  s t a t e ,  b u t

o p e n s  t h r o u g h
c o n f o r m a t i o n a l

c h a n g e  u p o n  h e m e
b i n d i n g  a n d  To n B

i n t e r a c t i o n .

β - b a r r e l  d o m a i n :
F o r m s  t h e

t r a n s m e m b r a n e
c h a n n e l  t h r o u g h  t h e
o u t e r  m e m b r a n e .  I t

c r e a t e s  a  c y l i n d r i c a l
p o r e  t h r o u g h  w h i c h

h e m e  c a n  b e
t r a n s p o r t e d  o n c e  t h e
r e c e p t o r  i s  a c t i v a t e d
b y  t h e  To n B  s y s t e m .

F i g u r e  8  s h o w s  t h e  p h y l o g e n e t i c  t r e e .
V i s i b l e  i s  t h a t  t h e r e  a r e  m u l t i p l e  o r g a n i s m s
i n  w h i c h  a  p r o t e i n  i s  h i g h l y  a l i k e  t o  F b p C 2 .
B e f o r e  t h e  p h y l o g e n e t i c  t r e e  w a s  m a d e ,  a

m u l t i p l e  s e q u e n c e  a l i g n m e n t  w a s  p e r f o r m e d .
T h i s  s h o w e d  t h a t  t h e  s e q u e n c e s  i n  d i f f e r e n t
o r g a n i s m s  a r e  q u i t e  a l i k e .  W e  t h u s  c o n s i d e r

t h e  s e q u e n c e s  t o  b e  c o n s e r v e d  a m o n g s t
o r g a n i s m s .

N - t e r m i n a l  s i g n a l
p e p t i d e :

T h e  s i g n a l  p e p t i d e
d i r e c t s  t h e  p r o t e i n

t o  t h e  o u t e r
m e m b r a n e .  

Y A R A  V A N  E E R D E  ( S 4 7 5 4 7 5 1 ) ,  E V I  G E L L I N G  ( S 5 2 4 9 8 1 3 ) ,  G E R L I N  K N O B B E
( S 5 1 6 1 1 3 4 ) ,   W O U T E R  O L D E R O D E  ( S 5 7 2 6 0 6 9 ) ,  M A R I T  R A E M A E K E R S

( S 5 3 7 1 0 0 7 ) ,  S T E I J N  V E R H E I J E N  ( S 5 1 8 9 0 9 8 )

I N T R O D U C T I O N

THE IRON FIST OF H. INFLUENZAE

F i g u r e  7 :  P r o t e i n  F b p C 2  v i s u a l i z e d  u s i n g  M o l * .  F i r s t
i m a g e  s h o w s  a  s i n g l e  F b p C 2  p r o t e i n ,  t h e  s e c o n d  o n e

s h o w s  i t  i n  a  c o m p l e x  w i t h  F b p B ,  a n d  t h e  t h i r d  o n e
s h o w s  F b p C 2  w i t h  AT P  b o u n d .

F i g u r e  8 :
P h y l o g e n e t i c  t r e e

o f  p r o t e i n s  s i m i l a r
t o  F b p C 2  i n  o t h e r

o r g a n i s m s .
C l o s e l y  r e l a t e d
o r g a n i s m s  a r e

c o l o u r e d  a l i k e  a n d
p o s i t i o n e d  i n

c l a d e s .  H .
i n f l u e n z a e  i s
c o l o u r e d  i n

y e l l o w.  P r o d u c e d
u s i n g  N C B I

d a t a b a s e  a n d  i To l .

A f t e r  Td h A  t r a n s f e r s  F e  t o  t h e  p e r i p l a s m ,
t h e  F b p A B C  t r a n s p o r t e r  t a k e s  o v e r  t h e  f e r r i c
i r o n  t o  t r a n s f e r  i t  o v e r  t h e  i n n e r  m e m b r a n e .
T h e  r o l e  o f  F b p C 2  i s  t h e  AT P  h y d r o l y s i s  t o

g e n e r a t e  t h e  e n e r g y  n e e d e d  t o  p e r f o r m  t h i s
t r a n s f e r .  F b p C 2  i s  f o u n d  i n  a  c o m p l e x

t o g e t h e r  w i t h  F b p B ,  a n d  b i n d s  AT P  w i t h
r e s i d u e s  o f  i t s  a l p h a  h e l i c e s  ( F i g u r e  7 ) .

3 +

R E F E R E N C E S

F i g u r e  5 :  A l p h a F o l d  ‘ s i d e ’  a n d  ‘ t o p ’  v i e w  o f  To n B
d e p e n d e n t  h e m e  r e c e p t o r  A  

A f t e r  i n s e r t i n g  t h e  s e q u e n c e  i n t o
T M H M M ,  O a p A  w a s  f o u n d  t o  b e  a  t r a n s -

m e m b r a n e  p r o t e i n .  W i t h  a  s i n g l e  T M -
h e l i x  a r o u n d  a a - r e s i d u e s  1 4 0 - 1 6 0 .  

I n t e r p r o  s h o w s  a n  I D R  a t  t h e  N - t e r m i n a l ,
w h i c h  A l p h a F o l d  a l s o  s h o w s .  T h e  f i r s t
d o m a i n  i s  a r o u n d  a a - r e s i d u e  1 4 0 - 1 6 0 ,

w h i c h  i s  t h e  T M - h e l i x .  T h e  s e c o n d  d o m a i n
i s  t h e  C - t e r m i n a l  ( L y s M )  d o m a i n .  T h i s  C -

t e r m i n a l  d o m a i n  i s  a l s o  s h o w n  i n  A l p h a F o l d
a s  h i g h  c o n f i d e n c e .  T h e  N - t e r m i n a l  i s  m a d e

u p  o f  a n  I D R ,  w h i c h  c a n  h a v e  v a r i o u s
f u n c t i o n s .  I t  i s  b e l i e v e d  t o  p l a y  a  r o l e  i n  t h e
p h a s e  r e g u l a t i o n  o f  H .  i n f l u e n z a e ,  m e a n i n g

i t ' s  u s e f u l  i n  a d a p t i n g  t o  c h a n g i n g
e n v i r o n m e n t s .

H a e m o p h i l u s  i n f l u e n z a e  w a s  t h e  f i r s t  b a c t e r i a l  g e n o m e  f u l l y  s e q u e n c e d  ( 1 ) .  I t  c o m m o n l y  l i v e s  h a r m l e s s l y  i n  t h e
n a s o p h a r y n x  b u t  c a n  c a u s e  s e v e r e  i n f e c t i o n s  -  e s p e c i a l l y  i n  c h i l d r e n  a n d  i m m u n o c o m p r o m i s e d  i n d i v i d u a l s  -  w h e n  i t

e n t e r s  t h e  b l o o d s t r e a m  ( 2 ) .  T h e  m o s t  d a n g e r o u s  s t r a i n ,  t y p e  b  ( H i b ) ,  c a n  l e a d  t o  s e p s i s ,  m e n i n g i t i s ,  o r  p n e u m o n i a  ( 3 ) .
F o r t u n a t e l y ,  a n  H i b  v a c c i n e  i s  a l r e a d y  w i d e l y  u s e d  i n  i n f a n t s  t o  b a t t l e  t h e  d e v a s t a t i n g  c o n s e q u e n c e s  o f  t h e  b a c t e r i a .  
A  k e y  f a c t o r  i n  t h e  p a t h o g e n i c i t y  o f  H .  i n f l u e n z a e  i s  i t s  a b i l i t y  t o  a c q u i r e  i r o n  f r o m  t h e  h o s t ,  w h i c h  i s  e s s e n t i a l  f o r  i t s

s u r v i v a l  ( 4 ) .  T h e  t h r e e  p r o t e i n s ,  t h a t  w e  s t u d i e d  f o r  t h i s  r e s e a r c h ,  a r e  a l l  i n v o l v e d  i n  t h e  i n f e c t i o n  r a t e  o f  t h e
b a c t e r i a .  U n d e r s t a n d i n g  h o w  t h e s e  p r o t e i n s  f u n c t i o n  a n d  i n t e r a c t  c a n  h e l p  i d e n t i f y  s t r a t e g i e s  t o  d i s r u p t  i r o n

a c q u i s i t i o n  a n d  r e d u c e  t h e  b a c t e r i a ’ s  a b i l i t y  t o  c a u s e  d i s e a s e .

B i o i n f o r m a t i c s  t o o l s
u s e d :

B L A S T
O R F f i n d e r
K B a s e
I n t e r P r o
A l p h a F o l d
T M H M M
i To l
C l u s t a l  O m e g a
P y M o l

F i g u r e  1 :  A l p h a F o l d
p r e d i c t i o n  o f  O p a A

s t r u c t u r e

F i g u r e  2 :  S c h e m a t i c  v i e w  o f
O a p A  m e c h a n i s m

w i t h  n a m e t a g s .  N o t  t o  s c a l e .

F i g u r e  3 :  T M H M M  r e s u l t  o f  O a p A ,  w h e r e  b l u e  i s
i n t r a c e l l u l a r ,  p u r p l e  i s  t r a n s - m e m b r a n e  a n d  o r a n g e

i s  e x t r a c e l l u l a r

F i g u r e  4 :  I n t e r p r o  r e s u l t s  o f  t h e  O a p A  s e q u e n c e
p u t  i n t o  a  t a b l e .  A a  r e s i d u e s  i n d i c a t e s  t h e  a m i n o

a c i d  p o s i t i o n  w i t h i n  t h e  p r o t e i n .  “ D o m a i n s ”
i n d i c a t e s  t h e  d o m a i n  n a m e s .

T M H M M / I N T E R
P R O

F i g u r e  6 :  S c h e m a t i c  v i e w  o f  t h e  i r o n  t r a n s p o r t  s y s t e m .

M E T H O D S

B y  u s i n g  t h e  m e n t i o n e d  b i o i n f o r m a t i c s  t o o l s ,  w e  w e r e  a b l e  t o  s h e d  l i g h t  o n  t h e  p a t h o g e n i c
m e c h a n i s m s  o f  H .  i n f l u e n z a e  b y  a n a l y z i n g  t h e  c h o s e n  f r a g m e n t s .  W e  w e r e  a b l e  t o  i d e n t i f y

t h r e e  p r o t e i n s  o f  i n t e r e s t  i n  t h e  f r a g m e n t s ;  O a p A ,  Td h A  a n d  F b p C 2 .  T h e s e  p r o t e i n s  a l l
h a v e  t h e i r  o w n  f u n c t i o n  i n  t h e  p a t h o g e n i c i t y  o f  H .  i n f l u e n z a e .  W h i l e  O a p A  i s  i m p o r t a n t  f o r

t h e  c r e a t i o n  o f  c o l o n i e s  i n  t h e  a i r w a y ,  Td h A  a n d  F b p C 2  a r e  i m p o r t a n t  f o r  t h e  a c q u i s i t i o n  o f
F e  w h i c h  i s  n e c e s s a r y  f o r  t h e  f u n c t i o n  o f  t h e  b a c t e r i u m .3 +

  
E x i s t i n g  v a c c i n e s ,  l i k e  t h e  H i b  v a c c i n e ,  t a r g e t  p o l y s a c c h a r i d e s .  F u t u r e  t h e r a p i e s
c o u l d  i n s t e a d  f o c u s  o n  b l o c k i n g  h e m e  a c q u i s i t i o n  ( 5 ) .  T h i s  a p p r o a c h  c o u l d  s e r v e
a s  a  p r e v e n t i v e  s t r a t e g y ,  o f f e r i n g  n e w  v a c c i n e  p o s s i b i l i t i e s  a g a i n s t  H .  i n f l u e n z a e

a n d  h e l p i n g  t o  r e d u c e  c h i l d  m o r t a l i t y  r a t e s .
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