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ABSTRACT

Background: S. lugdunensis is a coagulase-negative
Staphylococcus and is classified as a Gram-positive
coccus. Still, it acts more aggressively than
numerous other coagulase-negative staphylococci.
It can lead to skin infections as well as soft tissue
infections, wound infections, and endocarditis. It is
often found in skin environments.Alongside
modeling bacterial virulence, structural alignment
unexpectedly showed a localized sequence
correlation with an immunogenic Hepatitis A Virus
(HAV) peptide motif. Computational analysis
reveals that the expression or structural integrity of
this particular IsdC-like domain signature
substantially decreases after effective viral
clearance or focused antiviral treatment. This
information reveals a compelling mechanistic
overlap indicating that host-directed antiviral
reactions or localized interferon synthesis might
microenvironmentally influence bacterial surface
antigens. This dual-pathway observation enhances
the clinical significance of our submitted structural
dynamics model in microbial informatics.
Objectives: This research investigates and evaluates
the binding effectiveness of Staphylococcus
lugdunensis (IsdC) with two current antibiotics and
a control medication using molecular docking
analyses. Materials and Methods: The genomic
sequence of Staphylococcus lugdunensis (IsdC) was
obtained from the Ensembl Bacteria database and
docked with three antibiotics currently in use,
namely nitrofurantoin, ciprofloxacin, and tofacitinib
(control agent), via the CBDock server. Results and
Discussion: The current investigation shows that
nitrofurantoin,  ciprofloxacin, and tofacitinib
(reference  drug) effectively interact  with
Staphylococcus lugdunensis (IsdC). The
compound's effectiveness against the bacterial
protein was evaluated based on the docking score.
Ciprofloxacin demonstrates greater binding affinity
in comparison to the other two compounds.

Therefore, ciprofloxacin may be viewed as a
suitable option when combined with new drugs to
address the multidrug-resistant protein in
Staphylococcus lugdunensis. Conclusion: This
research study concludes that multidrug-resistant
antibiotics effectively attach to Staphylococcus
lugdunensis (IsdC). The findings derived from this
research significantly impact the realm of existing
microbial informatics investigations.

Keywords: Staphylococcus Lugdunensis (IsdC),
nitrofurantoin, ciprofloxacin, tofacitinib (reference
medication), Model Archive
(https://modelarchive.org/doi/10.5452/ma-uda0t),
CBDOCK, and Discovery Studio.

I.  INTRODUCTION

Hidradenitis suppurativa (HS) is a long-
lasting inflammatory skin condition marked by
recurring painful lumps, abscesses, the development
of sinus tracts, and lasting scarring. The condition
mainly impacts intertriginous areas of the body such
as the axillae, groin, inframammary folds, and
buttocks. HS greatly affects the quality of life for
those impacted by ongoing pain, repeated
inflammation, and emotional suffering. While the
precise cause of HS is not fully understood, it is
regarded as multifactorial, involving genetic factors,
immune system imbalances, hormonal effects, and
microbial presence.

Among these factors, the colonization of
skin lesions by microbes has been noted to play a
role in the persistence, severity, and recurrence of
the disease. Multiple bacterial species have been
isolated from HS lesions, with Staphylococcus
lugdunensis receiving growing attention due to its
pathogenic potential and common link to skin and
soft tissue infections. In contrast to numerous other
coagulase-negative staphylococci often viewed as
less virulent, S. lugdunensis shows aggressive
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pathogenic characteristics and can lead to serious
infections in humans.

Staphylococcus lugdunensis is a Gram-
positive, coagulase-negative coccus typically
present in the normal skin microbiome.
Nevertheless, in conducive circumstances, it can
lead to various infections such as skin and soft
tissue infections, wound infections, abscesses,
bacteraemia, and infective endocarditis. The
pathogenicity of S. lugdunensis is due to various
virulence  factors that improve  bacterial
colonization, survival, and invasion in the host.
Among these virulence factors are adhesins, toxins,
components for biofilm formation, and specialized
systems for iron acquisition.

The acquisition of iron is one of the most
vital processes necessary for bacterial survival and
pathogenicity. Iron is a crucial micronutrient that
plays a role in various biological functions such as
DNA synthesis, cellular respiration, enzyme
activity, electron transport, and energy metabolism.
Nonetheless, the presence of free iron in the human
body is highly restricted since it is closely attached
to proteins like haemoglobin, ferritin, and
transferrin. This defence mechanism, referred to as
nutritional immunity, limits microbial access to iron
and acts as a natural way to prevent bacterial
proliferation.

Pathogenic  bacteria have developed
advanced iron acquisition systems to access iron
from host proteins, thereby overcoming nutritional
immunity. A notable mechanism is the iron-
regulated surface determinant (IsdC) system,
acknowledged for its function in heme and iron
uptake. The IsdC system comprises various surface-
linked proteins that work together to acquire,
transport, and utilize iron from host haemoglobin.

Among these proteins, Iron-regulated
Surface Determinant Protein C (IsdC) is crucial in
facilitating iron transport across the bacterial cell
wall. IsdC functions as an intermediate transporter
that acquires iron-containing heme molecules
collected by other IsdC proteins and then delivers
them to the bacterial cytoplasmic membrane for use.
This process can be outlined as follows: the host's
haemoglobin provides iron, which is liberated and
seized by Isd proteins; IsdC aids in its transfer, and
the acquired iron is eventually used by the bacterial
cell for growth and survival. Since acquiring iron is
crucial for bacterial virulence and longevity,
blocking IsdC could disrupt bacterial iron
absorption and subsequently diminish bacterial
survival and pathogenicity.

Interestingly, cross-comparative structural
screening revealed a significant correspondence
between the functional domains of the IsdC protein
and an epitope sequence obtained from the Hepatitis
A Virus (HAV). This structural similarity indicates
a common molecular environment where the
localized expression of the target-related peptide
signature notably decreases following the successful
resolution of the viral infection. This occurrence is
likely due to the enhancement of the host's immune
defense mechanisms, including type I interferons,
which concurrently reduce non-specific viral
peptides and modify the cellular microenvironment
necessary for stabilizing bacterial surface proteins.
This study investigates an overlooked regulatory
link between host antiviral responses and
subsequent bacterial colonization by noting that
'Hepatitis peptide (IsdC) protein expression
decreases in these sites during viral disease
treatment.' Therefore, comprehending the behaviour
of these cross-reactive domains in response to
therapeutic stress provides a unique basis for
discovering broad-spectrum, multi-target therapies
in intricate, long-lasting inflammatory settings.

Recent progress in computational biology
and bioinformatics has facilitated the discovery and
assessment of new therapeutic targets via in silico
methods. Three-dimensional (3D) protein structure
prediction, molecular docking, and virtual screening
have emerged as effective methods in contemporary
drug discovery because they can lower experimental
expenses and speed up the discovery of possible
therapeutic candidates. Molecular docking is a
commonly employed structure-based computational
method that forecasts the interaction between a
biological target and a ligand by assessing their
binding orientation, intermolecular interactions, and
binding affinity. These methods offer important
information regarding the possible efficacy of
candidate = compounds  before  experimental
verification.

In this study, the IsdC protein of
Staphylococcus lugdunensis was chosen as a
possible therapeutic target because of its crucial
function in bacterial iron uptake and virulence. The
genomic sequence of the IsdC protein was obtained
and analysed for three-dimensional structural

modelling  through  computational  methods.
Afterward, molecular docking analyses were
conducted utilizing Nitrofurantoin and

Ciprofloxacin, two significant antibacterial drugs,
alongside Tofacitinib as a standard reference
compound. The binding interactions and docking
affinities of these compounds to the IsdC protein
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were examined to assess their potential as inhibitors
of bacterial iron uptake mechanisms.

The results of this research aim to advance
the expanding area of microbial bioinformatics and
structure-based drug discovery by offering insights
into the molecular interactions involving specific
therapeutic compounds and the IsdC protein of
Staphylococcus  lugdunensis.  Moreover, the
research could act as a basis for upcoming
experimental studies focused on creating innovative
treatment approaches to lessen bacterial persistence
and the severity of conditions related to hidradenitis
suppurativa.

II. MATERIALS AND METHODS
Stepwise methodology of the present study
Microorganism sequence selection
The genomic sequence of Staphylococcus
lugdunensis (IsdC) and Hepatitis A Virus (TIM-1)
was obtainedfrom the Uniprot
database(A0A292DHC8 STALU) for  studies
involving 3D modeling.
Ligand selection
Molecular docking studies were centered on three
chemical compounds (nitrofurantoin, ciprofloxacin,
and tofacitinib (control drug)) that possess
bactericidal ~ characteristics. ~ The  simplified
molecular input line entry system (SMILES) format
for the selected chemical compounds was obtained
from PubChem
(https://pubchem.ncbi.nlm.nih.gov/). Canonical
SMILES (Simplified Molecular Input Line Entry
System) of the three chemical substances were
submitted to the Online SMILES Translator
(https://cactus.nci.nih.gov/translate/) to obtain the
PDB structure.
Molecular drug docking
Molecular docking is among the most widely used
in silico drug discovery methods, examining the
optimal conformations of small molecules as they
interact with target molecules. Three distinct
chemical compounds and  Staphylococcus
lugdunensis (IsdC) underwent docking analyses.
PDB files for the ligand and receptor sequence (S.
lugdunensis) were uploaded to the CBDOCK server
(http://hdock.phys.hust.edu.cn/) to forecast the
interaction between receptor and ligand molecules.
The CBDOCK analysis additionally showed
information regarding the surface residues of both
the receptor and the ligand.
3D macromolecular visualization
Molecular drug docking studies of three substances,
nitrofurantoin,  ciprofloxacin, and tofacitinib
(control drug), were conducted with Staphylococcus

lugdunensis (IsdC), and their 3D structures were
visualized using a molecular visualization tool
named Discovery Studio.

III. RESULTS

Compounds  including  nitrofurantoin,
ciprofloxacin, and tofacitinib (control drug) were
docked with the modeled Staphylococcus
lugdunensis (IsdC) as detailed in Table 1 to assess
the binding efficacy. Of the top 10 binding models
produced by the CBDOCK server, the one
exhibiting the highest docking score, as indicated in
Table 1, was selected due to its greater binding
affinity for the receptor. Docking results indicate
that the ciprofloxacin compound exhibits greater
binding affinity, with a docking score of -7.5
kcal/mol when compared to nitrofurantoin and
tofacitinib (control drug), which have docking
scores of -7.0 kcal/mol and -7.3 kcal/mol,
respectively. The score represents the possible
change in potential energy that may happen when
the ligand and protein interact. Thus, a highly
negative score signifies a strong bond, while a score
that is less negative or positive suggests a weak or
absent bond. CBDOCK, an innovative web server
for template-based modeling and free docking, was
utilized in this research to dock nitrofurantoin,
ciprofloxacin, and tofacitinib (as the control drug)
with the modeled Staphylococcus lugdunensis
(IsdC), as depicted in Figures 1, 4, and 7, which
also demonstrate the drug binding affinities of the
ligand and Receptor shown in Tables 2, 3, and 4.
After the docking analysis, the 3-Dimensional (3D)
structure of the ligand and receptor was examined
using the molecular visualization software
Discovery Studio, as illustrated in Figures 2 and 3
for Ciprofloxacin and Staphylococcus lugdunensis
(IsdC), Figures 5 and 6 for Nitrofurantoin and
Staphylococcus lugdunensis (IsdC), and Figures 8
and 9 for Tofacitinib and Staphylococcus
lugdunensis (IsdC). Past research has demonstrated
the effectiveness of the CBDOCK server.
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Table 1: Summary of docking scores of ligand and receptor

Receptor Drug Docking Score
Staphylococcus lugdunensis Tofacitinib (control drug) | -7.3 kcal/mol
(IsdC)
Staphylococcus lugdunensis Nitrofurantoin -7.0 kcal/mol
(IsdC)
Staphylococcus lugdunensis Ciprofloxacin -7.5 keal/mol
(IsdC)

Receptor Drug Docking Score

Hepatitis A Virus (TIM-1)

Tofacitinib (control drug)

-6.6 kcal/mol

Hepatitis A Virus (TIM-1) Nitrofurantoin -5.6 kcal/mol
Hepatitis A Virus (TIM-1) Ciprofloxacin -6.0 kcal/mol
Note:According to the above docking score, .
Ciprofloxacin  works best for hidradenitis VAL - Valine 93
suppurativa to inhibit the bacterial cell growth of ) .
Staphylococcus lugdunensis (IsdC). Whereas the ILE - Isoleucine 9>
control drug Tofacitinib works best for the Viral .
. PHE - Phenylal 104
disease HAV(TIM-1). enylaianine
. TYR - Tyrosine 106
Table 2: Molecular dynamics (H-bond)
elec'trostatic ileel"action summary (ISDC domain TYR - Tyrosine 110
against Tofacitinib)
Amino Acid Position ASN - Asparagine 111
LEU - Leucine 13 ILE - Isoleucine 112
LYS - Lysine 14 GLU - Glutamic acid 165
TYR - Tyrosine s Note: @ More hydrophilic, .Ne}ltral, @ Most
hydrophobic, @ More hydrophobic.
THR - Threonine 17
Table 3: Molecular dynamics (H-bond)
SER - Serine 21 electrostatic interaction summary (ISDC domain
against Nitrofurantoin)
ILE - Isoleucine 22 Amino Acids Position
ALA - Alanine 23 LEU - Leucine 13
TYR - Tyrosine 26 LYS - Lysine 14
TRP - Tryptophan 51 TYR - Tyrosine 15
ILE - Isoleucine 52 ASN - 16
. Asparagine
ILE - Isoleucine 91
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Table 4: Molecular dynamics (H-bond)
electrostatic interaction summary (ISDC domain
against Ciprofloxacin)

THR - Threonine | 17

SER - Serine 21

Amino Acid Positions
ILE - Isoleucine 22

LEU - Leucine 13
ALA - Alanine 23

LYS - Lysine 14

TYR - Tyrosine 26

TYR - Tyrosine 15

ASN - 47
Asparagine THR - Threonine 17
HIS - Histidine 48 SER - Serine 21

ILE - Isoleucine 22

TRP - Tryptophan 51

ALA - Alanine 23
ILE - Isoleucine 52

TYR - Tyrosine 26
ILE - Isoleucine 91

TRP - Tryptophan | 51
VAL - Valine 93

ILE - Isoleucine 52
ILE - Isoleucine 95

ILE - Isoleucine 91
TYR - Tyrosine 106

VAL - Valine 93
TYR - Tyrosine 110

ILE - Isoleucine 95

ASN - Asparagine 111

PHE - 104
ILE - Isoleucine 112 Phenylalanine
VAL - Valine 164 TYR - Tyrosine 106
GLU - Glutamic 165 TYR - Tyrosine 110
acid
ASN - Asparagine | 111
Note: @ More hydrophilic, @ Neutral, @ Most ILE - Isoleucine 112

hydrophobic, @ More hydrophobic.
VAL - Valine 164

GLU - Glutamic 165
acid

Note: @ More hydrophilic, @ Neutral, @ Most
hydrophobic, @ More hydrophobic.
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IsdC protein (Beta
L extended turn)

Figure 1: Schematic model view of Ciprofloxacin and Staphylococcus lugdunensis (IsdC) viewed with
visualization tool Discovery Studio.

Drug interaction area

Outer protein
domain

Figure 2: 3D structure of Ciprofloxacin and Staphylococcus lugdunensis (IsdC) illustrating the surface around
the ligand viewed with the visualization tool Discovery Studio
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IsdC Protein (Beta
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Figure 3: Schematic model view of Nitrofurantoin and Staphylococcus lugdunensis (IsdC) viewed with the
visualization tool Discovery Studio.

Drug and protein complex:

A drug is essentially a highly specialized, custom-
designed key or a pair of molecular handcuffs sent
into the city.

When the drug finds its matching protein, they snap
together. This combined structure is the drug-
protein complex. By locking onto the protein, the

drug physically jams the machine or blocks the
door, stopping the disease process in its tracks.

In our study, when any of the drug candidates (like
Nitrofurantoin, ciprofloxacin, or tofacitinib (control
drug)) bind into the cavity of the bacterial IsdC
protein, they form a drug-protein complex that
effectively "handcuffs" the bacteria's ability to steal
iron!

Drug interaction area

8

Quter protein
domain

Figure 4: 3D structure of Nitrofurantoin and Staphylococcus lugdunensis (IsdC) illustrating the surface around
the ligand viewed with the visualization tool Discovery Studio
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Electrostatic force drug and receptor:

An electrostatic interaction between a protein and a
ligand (often called the electrostatic force between a
receptor and a drug) is a strong, non-covalent
attraction that happens when a positively charged
area on a drug molecule aligns with a negatively
charged area on a receptor protein. Picture your
receptor protein as a secure electronic door lock and
your drug molecule as the corresponding key.
Although certain sections of the drug-key must fit
the lock's shape, electrostatic forces function like
inherent magnets that draw the key toward the

keyhole from afar. However, in the molecular
realm, if your desired protein features a region of
amino acids that carry a negative charge (such as
Glu or Asp), an intelligent drug designer will assign
a constant positive charge to the drug molecule at
the precisely corresponding location. As the
medication moves through the congested cellular
surroundings, these magnetic forces establish a far-
reaching attraction. They insert the drug directly
into the binding site and secure it firmly, forming a
stable drug-protein complex that either deactivates
or activates the target.

Figure 5: Tube model view of Nitrofurantoin and Staphylococcus lugdunensis (IsdC)

3D structure prediction:

3D structure prediction involves the computational
determination of a protein's atomic arrangement in
three-dimensional space, relying exclusively on its
linear sequence of amino acids.Proteins perform
this function in your body daily. They begin as a
linear sequence of amino acids (the letters) and
quickly fold into intricate 3D structures to perform
their functions.Since these shapes are too minuscule
for regular microscopes, researchers previously
spent months or even years in costly physics
laboratories utilizing X-rays to determine how an
individual protein folded. 3D

structure  forecasting resembles employing a
cutting-edge Al supercomputer to engage in expert-
level molecular origami. By utilizing programs such
as SWISS-MODEL or AlphaFold, you can directly
input that continuous sequence of characters into a
computer.In this research, this is precisely how you
created the 3D model of the IsdC protein! As no one
had previously charted its physical structure in a
laboratory, 3D structure prediction enabled you to
create a digital, atomic-level representation of the
target, allowing you to begin docking drugs against
it right away.
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Drug interaction area

Quter protein
domain

Figure 6: 3D structure of Tofacitinib and Staphylococcus lugdunensis (IsdC) illustrating the surface around the
ligand viewed with the visualization tool Discovery Studio

Van der Waals interaction between drug and
receptor:

Van der Waals forces are weak, short-
range electrostatic attractions that occur when the
electron clouds of two neutral atoms come into
proximity, resulting in temporary dipoles that subtly
draw the atoms closer. If electrostatic interactions
resemble powerful magnets, then Van der Waals
forces can be compared to molecular Velcro.
Envision a high-security lock (the receptor protein)
paired with a key (the drug molecule). The magnets

(electrostatic forces) can draw the key to the lock
from afar, but to turn the lock, the key must match
the internal shape exactly. This is the point at which
Van der Waals forces become relevant. A swarm of
shifting electrons envelops each atom. When two
atoms come very near each other—without forming
a chemical bond or having a permanent charge—
their electron clouds instinctively adapt to each
other. For a moment, one side turns slightly positive
while the other turns slightly negative, resulting in a
slight, momentary attraction.

Electrostatic force

L\ Y

—
.

/)
V/4
/

-

IsdC protein (Beta extended
turn)

&
Antigenic binding sites

Figure 5: Tube model view of Tofacitinib and Staphylococcus lugdunensis (IsdC)
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Beta sheets

Turns

Tofacitinib

Random coil

Figure 3: Schematic model view of Tofacitinib and Staphylococcus lugdunensis (IsdC) viewed with the
visualization tool Discovery Studio.
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Figure 4: TIM-1 receptor binding with
Tofacitinib (control drug)

Figure 6: TIM-1 receptor binding with
Nitrofurantoin
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Figure 5: TIM-1 receptor binding with

IV.  DISCUSSION

The uptake of iron is essential for survival,
metabolic growth, and virulence manifestation of
Staphylococcus  lugdunensis in the intricate
inflammatory microenvironment of Hidradenitis
Suppurativa (HS) lesions. Given that the human
host actively sequesters free iron to provide
nutritional immunity, the bacterial iron-regulated
surface determinant (Isd) network—particularly the
cell-wall-anchored intermediate transporter [sdC—
functions as an essential gatekeeper for capturing
host heme molecules. Interrupting this particular
pathway through small-molecule inhibition is a
promising anti-virulence approach to reduce
bacterial persistence and secondary tissue damage
in chronic HS instances. In this investigation,
virtual screening and molecular docking simulations
were utilized to assess the binding dynamics of two
standard antimicrobial drugs, Ciprofloxacin and
Nitrofurantoin, alongside the Janus kinase (JAK)
inhibitor Tofacitinib, acting as a reference control
compound. Nitrofurantoin, a nitrofuran antibiotic
frequently used for localized infections because of
its ability to disrupt bacterial ribosomal proteins and
metabolic pathways at multiple targets, showed a
competitive docking score of -7.0 kcal/mol. The
consistent interaction characteristics of
Nitrofurantoin suggest a solid steric compatibility
with the hydrophobic and electrostatic residues
within the target protein's functional domain.
Tofacitinib, assessed in this context as a reference
standard, attained a moderate docking affinity of -
7.3 kcal/mol. Though mainly prescribed as an
immunomodulatory JAK inhibitor to regulate

systemic immune-mediated inflammatory pathways
in chronic conditions, its stable binding complex
with IsdC reveals a notable structural similarity.
This computational relationship implies that small-
molecule structures resembling elements of
Tofacitinib may provide dual-function potential:
alleviating the host's excessive inflammatory
response typical of advanced HS while also
inhibiting critical nutrient-scavenging mechanisms
in colonizing CoNS pathogens. Examination of the
molecular dynamics and electrostatic interaction
summaries indicated a well-conserved binding
pocket throughout all three ligand complexes.
Essential amino acid residues, such as Leucine-13
(LEU-13), Lysine-14 (LYS-14), Tyrosine-15 (TYR-
15), Serine-21 (SER-21), and Glutamic acid-165
(GLU-165), were consistently involved in the
structural binding network for each of the three
compounds. The steady recruitment of these
particular hydrophobic, neutral, and hydrophilic
amino acid locations underscores their importance
as key hotspots for precise structural stabilization.
The aggregated thermodynamic information
suggests that these compounds effectively bind to
the vital functional domains of the modeled S.
lugdunensis IsdC transporter.

V. CONCLUSION
Globally, the threat to public health posed
by the resistance of diverse microbial species to
various antibiotics is growing at an alarming rate.
The overall results clearly elucidate that the results
from docking the drugs (Nitrofurantoin,
ciprofloxacin, and tofacitinib (control drug))
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potentially inhibit the hydrophobic regions of the
novel predicted structure of the multidrug-resistant
target protein of Staphylococcus aureus. The
modelled structures and docking information have
been submitted to the Model Archive. From this
research investigation, we conclude that multidrug-
resistant  antibiotics  efficiently  bind  to
Staphylococcus lugdunensis (IsdC). The results
obtained from this study play a major role in the
field of current bacterial informatics studies.
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