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Abstract 

Staphylococcus epidermidis can cause severe infections, particularly in immunocompromised patients, and its increasing anti-

microbial resistance is a clinical concern. The mechanisms underlying the antibacterial activity of quercetin against this organ-

ism remain unclear. This study combined in vitro antibacterial assays with network pharmacology and molecular docking. 

Antibacterial activity was evaluated using agar well diffusion, minimum inhibitory concentration (MIC), minimum bactericidal 

concentration (MBC), growth-curve analysis, Fourier-transform infrared (FTIR) spectroscopy, and oxidative-stress markers in 

quercetin-treated S. epidermidis. Potential human host targets were identified using online prediction tools and evaluated by 

protein-protein interaction (PPI), Gene Ontology (GO), and Kyoto Encyclopaedia of Genes and Genomes (KEGG) enrichment 

analyses. Molecular docking was used to predict quercetin-target interactions. Quercetin exhibited concentration-dependent 

antibacterial activity against S. epidermidis, with MIC and MBC values of 125 and 500 µg/mL, respectively, sustained growth 

suppression, and treatment-associated FTIR changes. Network pharmacology identified 24 overlapping human host targets 

enriched in IL-17 signalling and neutrophil extracellular trap formation. Molecular docking predicted favourable binding af-

finities between quercetin and MMP1, CTSG, LCN2, CASP3, and ELANE. These computational results indicate potential as-

sociations with host immune-response pathways but do not establish immunomodulatory activity. The findings demonstrate 

moderate direct antibacterial activity in vitro and provide hypothesis-generating predictions of host-response mechanisms that 

require experimental validation. 

 

Rezumat 

Staphylococcus epidermidis poate provoca infecții severe, în special la pacienții imunocompromiși, iar creșterea rezistenței 

sale la antimicrobiene reprezintă o problemă importantă. Mecanismele care stau la baza activității antibacteriene a quercetinei 

împotriva acestei specii nu sunt încă pe deplin elucidate. Activitatea antibacteriană a fost evaluată prin determinarea 

concentrației minime inhibitorii (CMI) și a concentrației minime bactericide (CMB), analiza curbelor de creștere, spectroscopie 

în infraroșu cu transformată Fourier (FTIR) și determinarea markerilor stresului oxidativ la S. epidermidis tratat cu quercetină. 

Potențialele ținte moleculare umane au fost identificate utilizând instrumente de predicție online și evaluate prin analiza 

interacțiunilor proteină-proteină (PPI), Gene Ontology (GO) și analiza de îmbogățire a căilor Kyoto Encyclopedia of Genes and 

Genomes (KEGG). Docking-ul molecular a fost utilizat pentru predicția interacțiunilor dintre quercetină și țintele moleculare 

selectate. Quercetina a prezentat o activitate antibacteriană dependentă de concentrație împotriva S. epidermidis, cu valori ale 

CMI și CMB de 125 și, respectiv, 500 µg/mL, asociată cu inhibarea susținută a creșterii bacteriene și modificări FTIR induse 

de tratament. Analiza prin farmacologie de rețea a identificat 24 de ținte moleculare comune ale gazdei umane, asociate 

predominant cu calea de semnalizare IL-17 și formarea rețelelor extracelulare ale neutrofilelor. Docking-ul molecular a 

evidențiat afinități de legare favorabile între quercetină și MMP1, CTSG, LCN2, CASP3 și ELANE. Aceste rezultate 

computaționale indică posibile asocieri cu căile implicate în răspunsul imun al gazdei, fără a demonstra însă o activitate 

imunomodulatoare. Rezultatele evidențiază o activitate antibacteriană directă in vitro moderată și generează ipoteze privind 

potențiale mecanisme implicate în răspunsul gazdei, care necesită validare experimentală. 
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Introduction 

Quercetin is a widely distributed flavonoid plant 

with antioxidant, antimicrobial, antiviral, and anti-

inflammatory properties (1, 2). Its antimicrobial ac-

tivity and the mechanisms by which it inhibits path-

ogenic microorganisms have been investigated 

extensively (3-5). Reported mechanisms include dis-

ruption of cell membranes, altered membrane per-

meability, inhibition of nucleic acid and protein syn-

thesis, downregulation of virulence factors, mito-

chondrial dysfunction, and inhibition of biofilm for-

mation (6, 7). Quercetin can also inhibit several 

drug-resistant pathogens. Its anti-inflammatory and 
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immunomodulatory properties support its potential 

pharmaceutical use, including in skin-care products 

(8-11). Recent studies have also examined its biolog-

ical activity, therapeutic potential, and biosafety in 

different experimental models and biomedical appli-

cations (12-14). Quercetin can neutralise reactive 

oxygen species, inhibit histamine release from mast 

cells and basophils, and reduce the production of 

pro-inflammatory cytokines (15). However, its ac-

tivity against bacteria that cause skin infections has 

received less attention. In particular, evidence con-

cerning its activity against skin pathogens such as S. 

epidermidis remains limited, especially in the con-

text of topical treatment. 

S. epidermidis is a coagulase-negative bacterium and 

a common member of the skin microbiota (16). It 

can nevertheless cause clinically important infec-

tions, particularly in immunocompromised individu-

als (17). Its antimicrobial resistance and ability to 

form biofilms make it a major cause of medical-de-

vice-associated infections, including catheter-asso-

ciated infections (18, 19). These limitations have in-

creased interest in safe, plant-derived antimicrobial 

agents for topical formulations such as creams and 

ointments. Quercetin's biocompatibility and stability 

make it a potential candidate for topical formulations 

targeting skin infections (20), but the mechanisms by 

which it affects S. epidermidis remain incompletely 

understood. This study therefore investigated the ef-

fects of quercetin on S. epidermidis. 

Network pharmacology can examine complex drug-

target-pathway relationships, while molecular dock-

ing predicts interactions between compounds and 

proteins (21, 22). These predictions can guide subse-

quent experimental validation. This study combines 

computational and laboratory approaches to investi-

gate the potential mechanisms of quercetin against S. 

epidermidis. To our knowledge, this is the first study 

combining in silico and wet-lab evidence to elucidate 

the multi-target mechanism of quercetin in S. epi-

dermidis infection, highlighting its potential as a 

dual-action immunomodulatory and antibacterial 

agent. 

 

Materials and Methods 

Chemicals 

Quercetin (purity ≥ 95%) was obtained from Sigma-

Aldrich (St Louis, MO, USA). 

Bacterial strain and inoculum preparation 

The Gram-positive reference strain Staphylococcus 

epidermidis ATCC 12228 was used. This non-bio-

film-forming strain lacks the ica operon associated 

with polysaccharide-mediated biofilm formation 

(23). The strain was cultured in freshly prepared 

Mueller-Hinton broth (MHB; Scharlau Chemie S.A., 

Barcelona, Spain) for 18 h at 37°C until the expo-

nential growth phase. Culture turbidity was assessed 

by measuring the optical density at 620 nm (OD620), 

and the inoculum was adjusted with normal saline to 

a final concentration of 1.5 × 10⁶ CFU/mL. 

Antibacterial Testing 

The antibacterial activity of quercetin dissolved in 

70% ethanol was evaluated at 50 and 100 µg/mL us-

ing the agar well-diffusion method. Gentamicin 

discs (10 µg; Oxoid, UK) served as the positive con-

trol, and ethanol served as the negative control. All 

experiments were performed in triplicate. 

Minimum inhibitory concentration (MIC) 

The MIC was determined using a twofold broth-mi-

crodilution method and was defined as the lowest 

concentration that prevented visible bacterial growth. 

Minimum bactericidal concentration (MBC) 

The MBC was defined as the lowest quercetin con-

centration that produced no visible colony growth af-

ter subculture on agar, corresponding to 99.9% bac-

terial killing. 

The MIC assay followed the general broth-microdi-

lution framework described in the Clinical and La-

boratory Standards Institute M07 standard, 12th edi-

tion (2024). Twofold serial dilutions of quercetin in 

MHB were prepared in 96-well microplates to obtain 

final concentrations of 1.95-1,000 µg/mL. A work-

ing S. epidermidis suspension of approximately 1 × 

10⁶ CFU/mL was prepared, and 100 µL was added 

to 100 µL of quercetin-containing medium in each 

well. The final volume was 200 µL, and the calcu-

lated bacterial concentration was approximately 5 × 

10⁵ CFU/mL per well, consistent with the target in-

oculum specified in CLSI M07. The corresponding 

final ethanol concentration ranged from 35% in the 

first well to 0.068% in the last well. The final ethanol 

concentrations corresponding to the MIC and MBC 

values were 4.37% and 17.5%, respectively. The tur-

bidity of S. epidermidis growth was read after 24 

hours of incubation at 37°C.  

Growth curve  

Staphylococcus epidermidis cultures were grown in 

sterile MHB containing quercetin at 50 or 100 µg/mL 

and incubated at 37°C with shaking at 180 rpm for 

24 h. Cultures without quercetin served as controls. 

Optical density at 600 nm was measured hourly, and 

growth curves were generated by plotting optical 

density against time (23). 

Fourier transform infrared (FTIR) spectroscopic 

analyses and antioxidant defence system in S. epi-

dermidis under quercetin-induced stress  

S. epidermidis cells grown in MHB containing 50 or 

100 µg/mL quercetin were harvested after 24 h. The 

cells were centrifuged at 12,000 × g for 10 min and 

washed with ice-cold phosphate-buffered saline 

(PBS). They were then sonicated in ice-cold PBS 

and centrifuged at 15,000 × g for 10 min to pellet the 

debris. The supernatant was collected in a sterile 

tube for FTIR analysis and measurement of stress 

markers. 
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FTIR spectroscopy was used to examine the func-

tional groups of cellular metabolites. Control and 

quercetin-exposed cells were prepared with potas-

sium bromide and analysed using a PerkinElmer 

FTIR spectrometer over the range 4,000-400 cm⁻¹ (24). 

Reduced glutathione levels were measured using 

5,5′-dithiobis (2-nitrobenzoic acid), which forms a 

yellow product upon reaction with sulfhydryl groups 

(25). 

Total protein was quantified using the Bradford method, 

with bovine serum albumin as the standard (26). 

Statistical analysis 

Results are presented as the mean ± standard devia-

tion (SD) from three independent biological repli-

cates. Differences among groups were analysed by 

one-way analysis of variance in GraphPad Prism, 

followed by Dunnett's post hoc test where applica-

ble. A value of p < 0.05 was considered statistically 

significant. 

Network pharmacology-based analysis 

Target prediction and network pharmacology of 

quercetin in S. epidermidis infection  

Potential quercetin targets were predicted by submit-

ting its simplified molecular-input line-entry system 

(SMILES) structure to SwissTargetPrediction; tar-

gets with a prediction probability ≥ 0.1 were re-

tained. The structure-data file (SDF) for quercetin 

was also submitted to PharmMapper, and protein 

matches with a normalised fit score ≥ 0.6 were re-

tained. To obtain infection-associated targets, Gene-

Cards was searched using the term 'Staphylococcus 

epidermidis infection', and genes with a relevance 

score ≥ 5 were collected. After duplicates had been 

removed, overlapping quercetin-predicted and infec-

tion-associated genes were identified using a Venn 

diagram. These genes were considered potential host 

targets associated with quercetin in the context of S. 

epidermidis infection. 

Construction of protein-protein interaction (PPI) 

network 

The STRING database was used to construct a pro-

tein-protein interaction (PPI) network for the pre-

dicted targets, with Homo sapiens selected as the or-

ganism and a minimum confidence score of 0.4. The 

network was visualised and analysed in Cytoscape 

version 3.8.1. The cytoHubba plug-in was used to 

identify highly connected targets and construct the 

regulatory network. 

GO and KEGG pathway enrichment analysis 

Gene Ontology (GO) and Kyoto Encyclopaedia of 

Genes and Genomes (KEGG) enrichment analyses 

were conducted in ShinyGO using the common tar-

gets. Biological process, cellular component, molec-

ular function, and KEGG pathway categories were 

evaluated with a false-discovery-rate (FDR) -ad-

justed p-value threshold of 0.05. 

Molecular docking verification 

Molecular docking was performed using the Auto-

Dock Vina-based CB-Dock server to predict interac-

tions between quercetin and the selected host targets 

associated with S. epidermidis infection. Protein 

structures were selected from the Protein Data Bank 

on the basis of structural resolution and release date. 

The quercetin structure was obtained from PubChem 

in SDF format. 

 

Results and Discussion 

Anti-S. epidermidis activity of quercetin 

The antibacterial activity of quercetin at 50 and 100 

µg/mL is presented in Table I. Mean inhibition zones 

were 10 ± 1.0 mm and 12 ± 1.5 mm, respectively, 

indicating a concentration-dependent effect. The 

MIC and MBC were 125 and 500 µg/mL, respec-

tively; the corresponding ethanol concentrations 

were 4.37% and 17.5%. In the agar-diffusion assay, 

the ethanol control produced a 7 ± 0.5 mm inhibition 

zone, whereas quercetin produced larger, concentra-

tion-dependent zones. Because matched ethanol 

controls were not evaluated under identical broth-

microdilution conditions, the solvent may have con-

tributed to the MIC and MBC endpoints; these val-

ues should therefore be interpreted cautiously. Quer-

cetin also suppressed bacterial growth in liquid cul-

ture. Its inhibition zones were smaller than those pro-

duced by gentamicin (Table I). The observed mod-

erate activity supports further investigation of quer-

cetin as a potential adjunct or topical supportive 

agent rather than as a replacement for conventional 

antibiotics. The present in vitro results do not estab-

lish therapeutic or clinical efficacy. 

Reported antibacterial mechanisms of quercetin in-

clude increased cell-membrane permeability, disrup-

tion of peptidoglycan assembly, and inhibition of en-

zymes involved in DNA replication (27-31). Quer-

cetin can also act synergistically with β-lactam anti-

biotics against resistant staphylococci by inhibiting 

β-lactamase and enhancing drug penetration through 

the membrane (32-34). In the present study, growth-

curve analysis showed concentration-dependent sup-

pression of S. epidermidis for 24 h (Figure 1). 

Growth declined after 6 h at both concentrations, 

with greater inhibition at 100 µg/mL than at 50 

µg/mL. Total protein and reduced glutathione (GSH) 

were measured after 24 h (Figure 2). Total crude pro-

tein decreased, particularly after exposure to 100 

µg/mL quercetin, whereas GSH increased slightly. 

The altered total protein and GSH concentrations in-

dicate a cellular stress response to quercetin. The de-

crease in total crude protein may reflect protein dam-

age or degradation associated with reactive oxygen 

species. Oxidative stress can also increase intracel-

lular thiols and antioxidant capacity as an adaptive 

bacterial response (35). The slight increase in GSH 

may therefore represent a thiol-based defence 
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mechanism that helps S. epidermidis maintain redox 

balance during quercetin exposure (36-39). 

Table I 

Inhibition zones produced by quercetin and the controls 

Strain 
Inhibition zone (mm) 

Quercetin, 50 µg/mL Quercetin, 100 µg/mL Ethanol (70%) Gentamicin (10 µg) 

S. epidermidis 10 ± 1.0 12 ± 1.5 7 ± 0.5 18  

Values are expressed as mean ± SD (n = 3). One-way ANOVA showed a significant difference among treatment groups (p < 0.0001) 

 

 
Figure 1. 

Growth curves of S. epidermidis incubated with two different concentration of Quercetin for 24 hours  

 

 
Figure 2. 

Total crude protein and reduced GSH of the S. epidermidis strain treated with different concentration of Querce-

tin for 24 hours 

 

FTIR Spectroscopy Analysis 

FTIR spectroscopy was used to examine biochemi-

cal changes in quercetin-treated S. epidermidis. Dif-

ferences in absorbance intensity and labelled bands 

were observed across major functional-group re-

gions (Figure 3 and Table II). In control cells, broad 

bands at approximately 3,200-2,700 cm⁻¹ were asso-

ciated with C-H stretching in aliphatic chains and O-

H stretching in fatty acids and lipids. Bands near 

1,650 cm⁻¹ (amide I) and 1,540 cm⁻¹ (amide II) cor-

responded mainly to C=O stretching and N-H bend-

ing in proteins. Bands at 1,400-1,300 cm⁻¹ were as-

sociated with C-H, CH₂, and CH₃ bending and 

carboxylic-acid C=O stretching. The 1,230-1,240 

cm⁻¹ region was associated with P=O stretching in 

phosphoryl groups and nucleic-acid phos-

phodiesters, whereas the 1,200-950 cm⁻¹ region rep-

resented C-O-C and C-O-P stretching in cell-wall 

polysaccharides. Quercetin-treated cells showed dif-

ferences at 3,200-2,700 cm⁻¹, suggesting possible 

changes in hydrogen bonding and membrane-associ-

ated lipids. Differences at 1,650-1,400 cm⁻¹ may in-

dicate changes in protein conformation, whereas 

changes near 1,000 cm⁻¹ may reflect alterations in 

peptidoglycan and surface polysaccharides. These 

observations indicate treatment-associated 
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biochemical changes in quercetin-treated S. epider-

midis cells. 

For comparison, the labelled absorption bands in 

control cells and cells treated with 50 or 100 µg/mL 

quercetin are listed in Table II with their probable 

functional-group assignments. The principal differ-

ences occurred in the lipid (3,400-2,700 cm⁻¹), pro-

tein-associated (1,650-1,400 cm⁻¹), and polysaccha-

ride/cell-wall (1,200-950 cm⁻¹) regions, indicating 

treatment-associated changes in membrane lipids, 

proteins, carbohydrates, and cell-wall-associated 

polysaccharides. 

Compared with untreated cells, quercetin-treated 

bacteria showed differences in labelled infrared 

absorption bands associated with major biomolecu-

lar groups. Changes in amide-associated bands may 

indicate altered protein structure (40), whereas chan-

ges in lipid-associated bands are consistent with pos-

sible effects on the bacterial cell envelope (41, 42). 

Quercetin combined with amoxicillin has been re-

ported to reduce fatty-acid content and alter amide 

signals in some Gram-positive bacteria (32). Cell-

envelope alterations may increase permeability to 

immune factors such as lysozyme and antimicrobial 

peptides, and changes in protein structure may affect 

bacterial enzymes and other proteins (43). 

 

 
Figure 3. 

FTIR spectra of S. epidermidis treated with quercetin for 24 h: (a) control; (b) 50 µg/mL quercetin; (c) 100 

µg/mL quercetin; and (d) overlaid spectra (black, control; red, 50 µg/mL; blue, 100 µg/mL). 

 

The experimental and computational components 

addressed distinct biological levels. The in vitro as-

says evaluated direct antibacterial effects on S. epi-

dermidis, whereas network pharmacology and mo-

lecular docking predicted associations between quer-

cetin and human host proteins involved in immune 

and inflammatory responses. The computational re-

sults therefore do not validate the mechanism under-

lying the antibacterial findings; they provide sepa-

rate hypotheses concerning host-response pathways 

that require testing in appropriate human cell or in 

vivo models. 

Target Prediction of Quercetin in S. epidermidis In-

fection 

SwissTargetPrediction and PharmMapper identified 

345 unique potential quercetin targets using thresh-

olds of prediction probability ≥ 0.1 and normalised 

fit score ≥ 0.6, respectively. GeneCards yielded 187 

genes associated with “S.epidermidis infection” at a 

relevance score ≥ 5. Comparing the Quercetin tar-

gets with S. epidermidis Infection genes through a 

Venn diagram identified 24 overlapping genes (Fig-

ure 4), which are listed with their corresponding En-

trez IDs in Table III. 
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Table II 

Labelled FTIR bands and probable functional-group assignments in control and quercetin-treated S. epidermidis 

cells 

Wavenumber (cm⁻¹) Functional group 

Control 50 µg/mL 100 µg/mL  

High-wavenumber region 

3896.83 3866.35 3880.78 Weak O-H stretching and atmospheric-water-associated region 

3873.06 - - Weak O-H stretching and atmospheric-water-associated region 

3777.33 3777.33 3765.05 Free O-H stretching vibrations 

Lipids 

3402.43 3373.92 3363.86 O-H stretching (alcohols) and N-H stretching (amines and amides) 

- - 3278.99 Hydrogen-bonded O-H and N-H stretching 

3209.52 3209.52 3209.52 O-H and N-H stretching 

3024.38 3024.38 3024.38 =C-H stretching of unsaturated lipids 

2916.37 2924.09 2916.37 C-H stretching of aliphatic CH2 and CH3 groups 

- 2854.65 2854.65 Symmetric C-H stretching of CH2 groups 

2376.30 2388.59 2388.59 Atmospheric CO2-associated absorption 

Proteins 

1944.25 1944.25 1944.25 Overtone and combination-band region 

1874.81 1874.81 1874.81 Carbonyl-related overtone and combination-band region 

1806.37 1806.37 1806.37 Carbonyl-related stretching and combination-band region 

1643.35 1651.07 - Amide I band, mainly C=O stretching 

1597.06 1597.06 1597.06 N-H bending and C-N stretching of protein-associated amide groups 

Carbohydrates 

1496.76 1496.76 1496.76 C-H bending and aromatic C=C-associated vibrations 

1450.47 1450.47 1450.47 CH2 and CH3 bending vibrations 

1381.03 1411.89 1404.18 C-H bending and symmetric carboxylate stretching 

1157.29 - 1157.29 C-O and C-O-C stretching of carbohydrates 

Cell-wall components 

- 1072.42 1072.42 C-O, C-O-P and carbohydrate-associated stretching 

1026.13 1026.13 1026.13 C-O-C and C-O stretching of polysaccharides 

910.40 910.40 910.40 C-H bending of carbohydrate and cell-wall components 

840.96 840.96 848.68 C-H deformation and polysaccharide-associated vibrations 

756.10 756.10 756.10 C-H bending vibrations 

694.37 694.37 694.37 C-H bending and fingerprint-region vibrations 

624.94 624.94 617.22 C-N stretching and fingerprint-region vibrations 

540.07 540.07 540.07 Fingerprint-region vibrations 

424.34 424.34 470.63 Low-frequency fingerprint-region vibrations 

370.33 362.62 370.33 Low-frequency fingerprint-region vibrations 

All bands labelled in the individual FTIR spectra are shown. A dash indicates that no corresponding labelled band was present in that spec-

trum 

 

 
Figure 4. 

Venn diagram of quercetin targets and S. epidermidis infection-associated genes 
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Table III 

Potential host targets shared by quercetin and S. epidermidis infection-associated datasets 

S.no Symbol  Target  Entrez ID 

1 TERT Telomerase reverse transcriptase  O14746 

2 EGFR Epidermal growth factor receptor P00533 

3 F10 Coagulation factor X  P00742 

4 SERPINA1 Alpha-1-antitrypsin  P01009 

5 ALB Albumin P02768 

6 MMP1 Interstitial collagenase  P03956 

7 TYMS Thymidylate synthase  P04818 

8 ABCB1 ATP-dependent translocase ABCB1  P08183 

9 ELANE Neutrophil elastase  P08246 

10 CTSG Cathepsin G  P08311 

11 ALOX5 Polyunsaturated fatty acid 5-lipoxygenase  P09917 

12 HSPA8 Heat shock cognate 71 kDa protein  P11142 

13 ACE Angiotensin-converting enzyme  P12821 

14 CCL5 C-C motif chemokine 5 P13501 

15 TYR Tyrosinase  P14679 

16 SELP P-selectin  dependent granule-external membrane protein P16109 

17 LGALS3 Galectin-3  P17931 

18 BMP7 Bone morphogenetic protein 7  P18075 

19 WARS1 Tryptophan--tRNA ligase, P23381 

20 APEX1 DNA repair nuclease/redox regulator APEX1  P27695 

21 AHR Aryl hydrocarbon receptor  P35869 

22 STAT1 Signal transducer and activator of transcription 1-alpha/beta P42224 

23 CASP3 Caspase-3  P42574 

24 LCN2 Neutrophil gelatinase-associated lipocalin (NGAL) P80188 

 

PPI Network Analysis 

The 24 predicted targets were ranked by degree (Fig-

ure 5a): ALB, CASP3, EGFR, CCL5, LCN2, ACE, 

MMP1, LGALS3,SELP, CTSG, ELANE, SERPINA1, 

ABCB1, STAT1, TYMS, HSPA8, TERT, TYR, BMP7, 

F10, APEX1, WARS1, AHR, and ALOX5. STRING 

analysis produced a PPI network containing 24 

nodes and 86 edges (Figure 5b). The network was 

visualised in Cytoscape and arranged according to 

centrality measures (Figure 5c); a higher centrality 

value indicated greater network connectivity. Cyto-

Hubba identified ALB, CASP3, EGFR, LCN2, CCL5, 

MMP1, ACE, LGALS3, SELP, and ELANE as the 10 

highest-ranked targets (Figure 5d). 

The 24 overlapping targets were human proteins as-

sociated with immune and inflammatory responses to 

infection and formed an interconnected PPI network. 

Gene Ontology (GO) enrichment analysis of the 24 

identified common targets 

The biological roles of the common targets were 

evaluated using ShinyGO (Figure 6). Enriched bio-

logical processes included smooth-muscle-cell pro-

liferation, response to xenobiotic stimuli and lipids, 

leukocyte cell-cell adhesion, cell migration and mo-

tility, defence responses, and responses to oxygen-

containing compounds and stress. These categories 

are consistent with host immune activation, 

inflammatory regulation, cellular movement, and 

adaptive stress responses. Enriched cellular compo-

nents included the vesicle lumen, secretory-granule 

lumen, cytoplasmic-vesicle lumen, extracellular ma-

trix, collagen-containing extracellular matrix, exter-

nal encapsulating structure, cell surface, extracellu-

lar space, and extracellular vesicles. Molecular-func-

tion terms included macrolide binding, CCR5 chem-

okine-receptor binding, serine-type peptidase and 

endopeptidase activity, heparin and glycosamino-

glycan binding, signalling-receptor activator activ-

ity, and protein homodimerization. 

KEGG pathway enrichment analysis 

KEGG analysis identified immune-inflammatory 

and infection-related pathways among the predicted 

targets (Figure 7). The enriched pathways included 

IL-17 signalling, neutrophil extracellular trap (NET) 

formation, MAPK signalling, and the renin-angio-

tensin system. Pathways labelled as epithelial-cell 

signalling in Helicobacter pylori infection, legionel-

losis, and toxoplasmosis may reflect shared host-de-

fence mechanisms rather than disease-specific ef-

fects. Similarly, viral- and cancer-related pathways 

were enriched because they share apoptotic, chemo-

kine, and MAPK-related components represented in 

the target set.
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Figure 5. 

PPI network analysis: (a) common targets ranked by degree; (b) STRING network of the 24 common targets; (c) 

network visualisation in Cytoscape; and (d) the 10 highest-ranked targets identified using cytoHubba 

 

 
Figure 6. 

GO enrichment analysis of the common targets using ShinyGO: (a) biological process; (b) cellular component; 

and (c) molecular function. The 20 leading terms are shown according to fold enrichment and false discovery rate 
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These findings suggest possible associations be-

tween quercetin and IL-17-related responses, NET 

formation, MAPK signalling, and epithelial defence 

during S. epidermidis infection. IL-17 signalling and 

NET formation were selected for pathway visualisa-

tion and molecular docking on the basis of their en-

richment and hub-gene representation.  

In specific, gene ontology and KEGG pathway en-

richment pointed to the IL-17 signaling pathway and 

neutrophil extracellular trap (NET) formation as sig-

nificantly enriched processes in the target network, 

suggesting activation of inflammation and innate im-

munity as main targets during staphylococcal skin 

infections. 

 

 
Figure 7. 

KEGG pathway enrichment analysis of the common targets associated with quercetin and S. epidermidis infec-

tion 

 

Identification of Core Pathways and Targets for Mo-

lecular Docking 

IL-17 signalling and NET formation were the prin-

cipal enriched pathways selected for further analysis. 

Within the IL-17 pathway, LCN2, MMP1, and 

CASP3 were mapped on the basis of their reported 

roles in antimicrobial defence, inflammatory matrix 

remodelling, and apoptosis (Figure 8a). ELANE and 

CTSG, neutrophil-derived serine proteases involved 

in bacterial entrapment and killing, were mapped to 

NET formation (Figure 8b). These five proteins were 

selected for docking. 

These computational associations do not demon-

strate that quercetin directly regulates the selected 

pathways or produces a protective effect. Validation 

in appropriate immune-cell or in vivo models is re-

quired. 

Lipocalin 2 (LCN2), matrix metalloproteinase 1 

(MMP1), and caspase 3 (CASP3) participate in pro-

cesses related to infection and inflammation (44). 

LCN2, also known as neutrophil gelatinase-associ-

ated lipocalin, is induced by IL-17 and IL-22 in epi-

thelial cells and binds bacterial siderophores, thereby 

restricting bacterial growth (45). MMP1 is a colla-

genase involved in tissue remodelling and leukocyte 

infiltration, whereas CASP3 participates in apopto-

sis and may regulate the magnitude and resolution of 

immune responses (46). The NET pathway included 

neutrophil elastase (ELANE) and cathepsin G 

(CTSG). NETs are structures composed of DNA and 

granular proteins that are released by neutrophils to 

trap and kill microorganisms. ELANE and CTSG are 

incorporated into NETs and contribute to degrada-

tion of bacterial virulence factors and cell-wall com-

ponents (47). In this study, the involvement of IL-17 

signalling and NET formation was inferred from en-

richment and docking analyses and was not experi-

mentally confirmed. Therefore, these findings 

should be interpreted as predicted mechanisms. Fu-

ture studies using inflammatory or immune-cell 

models are required to validate the regulatory effects 

of Quercetin on IL-17 signalling and NET-

associated targets during S. epidermidis infection. 

Molecular docking 

Docking predicted interactions between quercetin 

and all selected targets (Table IV and Figure 9). For 

IL-17-associated proteins, predicted binding affini-

ties were -8.5 kcal/mol for matrix metalloproteinase 

1 (MMP1; PDB ID 1SU3), -7.4 kcal/mol for 

lipocalin 2 (LCN2; PDB ID 1DFV), and -6.0 

kcal/mol for caspase 3 (CASP3; PDB ID 1PAU). For 

NET-associated proteins, the predicted affinities 

were -7.5 kcal/mol for neutrophil elastase (ELANE; 

PDB ID 1B0F) and -8.5 kcal/mol for cathepsin G 

(CTSG; PDB ID 1CGH). 
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MMP1 and CTSG showed the strongest predicted in-

teractions. These in silico results identify candidate 

host targets for further investigation but do not 

demonstrate binding in a biological system. Querce-

tin has been reported to downregulate pro-infl-

ammatory cytokines and upregulate anti-inflamma-

tory cytokines in other experimental models (48). 

The relevance of those effects to S. epidermidis in-

fection and to the proteins examined here requires 

experimental validation. 

 

 

(a) 

 

(b) 
Figure 8. 

Computational mapping of predicted quercetin-associated host targets in (a) the IL-17 signalling pathway and (b) 

the NET-formation pathway during S. epidermidis infection 
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Table IV 

Predicted binding affinities of quercetin for the selected targets 

Pathway Genes Target name PDB ID 
Affinity 

(kcal/mol) 

IL-17 signalling  LCN2 Neutrophil gelatinase-associated lipocalin (NGAL) 1DFV -7.4 
  MMP1  Interstitial collagenase (Matrix metalloproteinase-1) 1SU3 -8.5 
  CASP3 Caspase-3  1PAU -6 

NET formation ELANE  Neutrophil elastase 1B0F -7.5 

 CTSG Cathepsin G  1CGH -8.5 

 

 

 
(a) (b) 

  
(c) (d) 

 
(e) 

Figure 9. 

Predicted docking interactions between quercetin and (a) lipocalin 2 (1DFV), (b) matrix metalloproteinase 1 

(1SU3), (c) caspase 3 (1PAU), (d) neutrophil elastase (1B0F), and (e) cathepsin G (1CGH) 

 

Conclusions 

This study combined microbiological experiments 

within silico analyses to evaluate quercetin in the 

context of S. epidermidis infection. Quercetin 

showed moderate in vitro antibacterial activity, in-

cluding concentration-dependent inhibition and sus-

tained growth suppression. Computational predic-

tions involving IL-17 signalling and NET formation 

suggest a possible immunomodulatory role of quer-

cetin, which requires further experimental valida-

tion. Overall, these findings support further investi-

gation of quercetin as a potential topical or adjunct 

supportive agent for inflammatory skin infections; 

however, its therapeutic efficacy must be established 

through appropriate cellular, animal, and clinical 

studies. 
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