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Abstract:

Bone and joint infections remain a serious clinical problem, with Staphylococcus
aureus being one of the causative agents. A key factor in the early stage of infection is
fibronectin-binding protein A (FnBP-A), which mediates bacterial adhesion to host
fibronectin in the extracellular matrix. The increasing prevalence of antibiotic-
resistant S. aureus, particularly methicillin-resistant strains (MRSA), highlights the
need for alternative therapeutic strategies targeting bacterial adhesion. Coumarins
have attracted attention as potential antimicrobial agents because of their broad
biological activities and reported anti-S. aureus effects. In this study, selected
coumarin derivatives were evaluated for their inhibitory potential against the FnBP-
A-fibronectin complex using molecular docking with AutoDock Vina and AutoDock4.
Compounds with favourable binding profiles were further assessed for predicted
pharmacological properties. Among the tested compounds, frutinone A and
phyllocoumarin showed stronger docking affinities than vancomycin HCI, a
commonly used antibiotic for S. aureus-associated bone and joint infections. In
addition, pharmacological predictions supported their potential for further
investigation. These findings suggest that coumarin derivatives, particularly
frutinone A and phyllocoumarin, may serve as promising candidates for the
development of anti-adhesive agents against S. aureus-related bone and joint

infections.
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1. Introduction

Staphylococcus aureus 1s a major pathogenic agent causing bone and joint infections.
Its surface expresses MSCRAMMs that mediate adhesion to osteoblasts, initiating
infection [1-3]. Among these, fibronectin-binding proteins A and B (FnBP-A and FnBP-B)
interact with fibronectin via a B-zipper mechanism, exposing integrin-binding domains and
enabling attachment to a5pB1 integrins on osteoblasts [4]. However, the rate of antibiotic
resistance in S. aureus has increased significantly in recent years. However, antibiotic
resistance in S. aureus has increased significantly in recent years. According to N.V. An et
al. (2024) [5], resistance rates were highest for azithromycin, erythromycin, and
clindamycin (=82%), while remaining low for vancomycin (2.92%). The study also
highlighted the high prevalence of methicillin-resistant S. aureus (MRSA) and multidrug-
resistant S. aureus (MDR) reached 73.02% and 60.90%, respectively [5]. These alarming
statistics underscore the urgent need to develop new antimicrobial agents with improved
efficacy to combat the emergence and spread of drug-resistant S. aureus strains.

A study by D.S. Reddy, et al. (2018) [6] showed that novobiocin, an aminocoumarin
derivative, inhibits the GyrB subunit of DNA gyrase, thereby disrupting DNA replication
in S. aureus. These findings highlight the potential of coumarin-based compounds as
antimicrobial agents. Coumarin (1,2-benzopyrone), a natural secondary metabolite found
in plants, microbes, and fungi, was first isolated from Dipteryx odorata by Vogel in 1920
[7]. With its aromatic lactone structure, coumarin can readily participate in chemical
reactions to form a wide variety of bioactive derivatives. These derivatives exhibit
antioxidant, antifungal, and anti-inflammatory activities, highlighting their
pharmacological potential [8-10]. Previous studies have also indicated that coumarin can
enhance oral bioavailability [11] and improve the pharmacological activity of parent drugs

[12].



Simple coumarins act as precursors to more complex derivatives found in nature.
Compounds such as aculeatin, cichoriin, esculin, fraxin, and osthole exhibit anti-
inflammatory, antioxidant, antibacterial, and anticancer activities [13-19], while oxime
derivatives 3A and 3E show antitubercular activity [6]. Other derivatives also display
notable bioactivities, including calophyllolide with anti-inflammatory and wound-healing
effects [20], chartreusin with anticancer potential [21], frutinone A with antibacterial
activity [22], and hydrangenol with anti-allergic and antioxidant properties [23]. Although
phyllocoumarin remains less explored, its structural features make it a promising candidate
for in silico evaluation. In this study, selected coumarin compounds were screened and
evaluated in silico for their potential to inhibit the binding complex between fibronectin-
binding protein A (FnBP-A), located on the extracellular matrix of S. aureus, and
fibronectin present in the host organism.

2. Materials and methods

2.1. Fibronectin-binding protein A (FnBP-A)-fibronectin complex selection

FnBP-A on the surface of S. aureus mediates attachment to host cells via
intrinsically disordered FnBR regions that bind fibronectin modules, forming stable
complexes. Representative complex structures (PDB IDs: 2RKY, 2RKZ, 3CAL, and 2RL0)
[24] were selected from the Protein Data Bank (https://www.rcsb.org/). The structural files
were downloaded in PDB format, realigned using BIOVIA Discovery Studio 2024 Client
24.1 (Dassault Systemes) [25], and subsequently converted into PDBQT format for
molecular docking

2.2. Binding site identification

The predicted binding coordinates between FnBP-A and fibronectin in all four
models (PDB IDs: 2RKZ, 2RKY, 3CAL, and 2RL0) were identified using the PrankWeb
server (ELIXIR) [26].



2.3. Ligand preparation

The selection of coumarin compounds was based on their previously reported
antibacterial and anti-inflammatory activities. A total of fourteen compounds were selected
for analysis (Table 1).

Table 1. Structures of 14 coumarin derivative compounds.

PubChem Molecular
No. Name CID 2D structure formula
AN
1 Coumarin 323 CoHsO2
o (o]
o
. N
2 Aculeatin 5316354 )r/m C16H1505
| e
3 Cichoriin 442101 Ci15H1609
4 Esculin 5281417 Ci15H1609
5 Fraxin 5273567 Ci6H15010
6 Osthole 10228 Ci5H1603




7 Oximes 3A 120586 NN C10H/NO3
(o] [=]
8§ Oximes 3E 442935 @iL/Q C11H1oN202
N/ %
. St N s
9  Novobiocin 54675769 o . CaiH3eN20mn
\ I
\
10  Calophyllolide 5281392 C26H2405
11  Chartreusin 5281394 C32H32014
12 Frutinone A 441965 Ci6HsO4




13 Hydrangenol 119199 CisH1204

14  Phyllocoumarin 4257095 CisH1407

The 3D structures of the compounds were retrieved from the PubChem database
(https://pubchem.ncbi.nlm.nih.gov) in SDF format and subsequently converted to PDB
format using BIOVIA Discovery Studio 2024 Client 24.1 [25], and subsequently
transformed into PDBQT format using AutoDock Vina for molecular docking with the
selected fibronectin-FnBP-A complex models.

2.4. Molecular docking study

AutoDock4 and AutoDock Vina were used to perform molecular docking of the
selected coumarin ligands with the fibronectin-FnBP-A complex models. AutoDock4
applies a genetic algorithm with local search to identify and refine optimal binding poses
based on binding energy [27], whereas AutoDock Vina employs gradient-based
optimisation combined with stochastic global search to generate and refine poses according
to free-energy gradients [28, 29].

For each protein-ligand docking simulation, the binding-site coordinates were
defined based on predictions generated by PrankWeb for each specific model (Table 2),
using a grid box size of 30x30x30. AutoDock4 simulations were carried out with 100
genetic algorithm runs, a population size of 150, and a maximum of 27,000 generations.
Docking with AutoDock Vina was performed with an exhaustiveness of 12, retaining up to
20 poses within an energy range of 3 kcal/mol. The optimal binding pose was selected
based on the lowest binding energy together with RMSD lower and upper bound values

below 2 A. Docking performance was evaluated using ROC curves and AUC values, while
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vancomycin HCl was used as the positive control to identify ligands with the strongest
binding potential.

The resulting interactions between the ligands and the complexes were subsequently
visualised and analysed using PyMOL Molecular Graphics System 3.1.6.1 [30] and
BIOVIA Discovery Studio 2024 Client 24.1 [25].

2.5. Pharmacological analysis

The selected coumarin ligands were subjected to pharmacokinetic analysis based on
key parameters, including absorption, metabolism, toxicity, and compliance with Lipinski's
Rule of Five [31, 32]. Drug-likeness and molecular properties were predicted using Molsoft
ICM v3.9-4 (https://www.molsoft.com/), while ADMETlab 3.0 was used to assess
ADMET profiles.

3. Results and discussion
3.1. FnBP-A-fibronectin complex binding-site identification

FnBP-A-fibronectin complex structures 2RKZ, 2RKY, 3CAL, and 2RL0O were
determined using X-ray crystallography, with respective resolutions of 2.00 A, 1.8 A, 1.7
A, and 2.00 A (Fig. 1), indicating high structural quality suitable for subsequent

computational studies.

A) B) - © D)

Fig. 1. Structural models of the FnBP-A (orange)-fibronectin (green) complex in
different crystallographic models. (A) Model 2RKZ; (B) Model 2RKY; (C) Model
3CAL; (D) Model 2RLO.

Among the four complex models investigated, 2RKZ was selected as the primary

model. It represents the interaction between a FnBR region of FnBP-A and the F2—F3
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modules of fibronectin and was previously used to characterize the B-zipper binding
mechanism [24]. The remaining models, 2RKY, 3CAL, and 2RLO0, depict interactions
between other FnBR regions and fibronectin modules and were used as comparative
controls supporting a similar B-zipper mechanism. All four models were analyzed using
PrankWeb to predict protein—protein interaction sites. Multiple regions were identified, and
the most prominent sites were selected based on the highest binding scores and interaction
probabilities (Table 2).

Table 2. The binding scores, probabilities, and coordinates of the binding site of four

models (2RKZ, 2RKY, 3CAL, and 2RL0) predicted by PrankWeb.

Binding Probability Coordination of the binding site
Model score (%) X Y VA
2RKZ 39.24 95.6 -8.7694 -24.2743 -25.7182
2RKY 15.05 74.9 8.058 21.7197 26.4707
3CAL 16.44 77.9 18.6476 -1.3542 10.3012
2RLO 18.79 82.3 28.5986 -24.5725 -4.5504

3.2. Docking results of ligands with the FnBP-A-fibronectin complex

The coumarin ligands were docked into predicted binding sites using AutoDock4
and AutoDock Vina based on prior binding-site coordinates. Docking of 14 ligands with
four protein models (2RKZ, 2RKY, 3CAL, and 2RLO) showed that the coumarins
interacted with both proteins in the complex (Tables 3 and 4).
Table 3. Docking results of 14 coumarin compounds and vancomycin HCI with 2RKZ,
2RKY, 3CAL, and 2RL0 by AutoDock Vina.

Binding affinity (kcal/mol)

Compounds

2RKZ 2RKY 3CAL 2RLO
Coumarin -6.4 -7.2 -6.5 -6.1
Aculeatin -6 -4.9 -6 -6.9
Cichoriin -7.5 -6.3 -6.8 -8.5




Esculin -7.1 -6.2 -6.7 -8.7

Fraxin -1.7 -6.2 -6.7 -7.4
Oximes 3A -6.4 -5.6 -1.7 -7.3
Oximes 3E -6.1 -5.6 -6.7 -7.5
Osthole -6.7 -5.9 -6.4 -7.3
Novobiocin -8.4 -1.7 -7.8 -94
Calophyllolide  -8.1 -6.6 -7 -7.5
Chartreusin -8.1 -7.2 -8.9 -7.5
Frutinone A -7.8 -6.7 -10.2 -9.7
Hydrangenol -8.6 -6.8 -7.3 -8.5
Phyllocoumarin -8 -7.1 -8.2 -9.8
Positive control

Vancomycin

HCl -8.5 -7.2 -1.7 9.1

Table 4. Docking results of 14 coumarin compounds and vancomycin HCI with 2RKZ,

2RKY, 3CAL, and 2RL0 by AutoDock4.

Binding affinity (kcal/mol)

Compounds 2RKZ 2RKY 3CAL 2RLO
Coumarin -7.85 -4.58 -6.71 -7.57
Aculeatin -9.49 -6.70 -8.28 -7.87
Cichoriin -7.37 -5.62 -8.68 -7.45
Esculin -6.65 -5.80 -7.69 -7.49
Fraxin -7.57 -6.17 -9.37 -8.40
Oximes 3A -7.90 -7.62 -7.62 -8.19
Oximes 3E -5.03 -4.33 -6.19 -6.18
Osthole -7.20 -5.72 -7.44 -7.38




Novobiocin -6.34 -6.77 -6.02 -5.52

Calophyllolide  -6.97 -5.85 -7.68 -6.79
Chartreusin -6.95 -5.34 -6.46 -7.42
Frutinone A -6.98 -5.60 -7.11 -6.78
Hydrangenol -7.65 -4.53 -6.73 -7.32
Phyllocoumarin  -5.75 -4.48 -7.09 -7.21
Positive control

Vancomycin

Hel -8.1 -6.92 -7.56 -8.02

ROC and AUC analyses indicated superior classification performance of
AutoDock4 compared with AutoDock Vina. Across all four models (2RKZ, 2RKY, 3CAL,
and 2RL0), AutoDock4 consistently achieved an AUC of 1.0 at a binding-energy threshold
of =7 kcal/mol, whereas AutoDock Vina reached an AUC of 1.0 only in 2RL0 and 2RKY,
with lower values in 3CAL (0.857) and 2RKZ (0.8). However, AUC values mainly reflect
internal consistency rather than biological relevance. Therefore, vancomycin HCI was used
as a positive reference, as it is recommended for treating septic arthritis caused by MRSA
and MSSA, with MIC values below 2 pg/ml according to CLSI and EUCAST standards
[33-36]. Ligand candidates were selected by comparing binding energies with vancomycin
HCl across both docking engines using a z-mean consensus scoring approach.

Comparison of docking results across four models showed that chartreusin,
frutinone A, phyllocoumarin, and novobiocin exhibited stronger binding affinities than
vancomycin HCI, indicating their potential as alternative candidates. However, docking-
derived binding affinities mainly reflect enthalpic contributions and do not account for
entropic effects, and should therefore be interpreted as relative rather than absolute

thermodynamic values.
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3.3. Interaction analysis of ligands with the FnBP-A-fibronectin complex

Interaction analysis using BIOVIA Discovery Studio revealed that chartreusin,
frutinone A, phyllocoumarin, and novobiocin formed interactions with both FnBP-A and
fibronectin in all four structural models (2RKZ, 2RKY, 3CAL, and 2RLO).

Chartreusin interacted with fibronectin and FnBP-A in models 2RKZ, 2RKY, and
2RLO (Table 5). In 2RKZ, hydrogen bonds were formed with B: ALA107, A: GLY131, B:
GLY 142, and F: GLU145 of fibronectin, as well as N: THR524 of FnBP-A (Fig. 2A). These
interactions suggest favourable enthalpic contributions and enhanced complex stability. In
2RKY, hydrogen bonding occurred at A: ASP157, A: LYS172, and A: GLNI175 of
fibronectin and D: GLU524 of FnBP-A (Fig. 2B). In 2RLO0, chartreusin formed hydrogen
bonds with F: ARG197, A: GLN226, and A: GLU240 of fibronectin and hydrophobic
contacts with G: VAL640 of FnBP-A. Additional electrostatic and hydrophobic interactions
further contributed to stabilisation. However, unfavourable interactions observed in 2RKY
and 2RLO suggest steric or electrostatic clashes that may reduce complex stability (Figs.
2B and 2C).

| ®)
i & @

R P e
LETH 't . ‘ Ml

A) ©

— 272
Al —

- ME
T A28

Interactions
:] Conventional Hydrogen Bond |:] Pi-Anion

[:] Carbon Hydrogen Bond ':] Alkyl

Interactions
D Conventional Hydrogen Bond D Pi-Anion

- Unfavorable Donor-Donor | Alkyl

- Unfavorable Acceptor-Acceptor | Pi-Alkyl

11

&5 V \
A:236 /

Intaractions
D Conventional Hydrogen Bond D Pi-Sigma

[:] Carbon Hydrogen Bond LJ Alkyl

- Unfavorable Donor-Donor [_] Pi-Alkyl

|:] Pi-Anion



A:Gly131
| = N:Thr542

F:Glu145 N7 \_
'

o -
{ Wahep1s7

A:Ly|s1 72 ‘J'

Fig. 2. Interaction between chartreusin and 2RKZ (A, D), 2RKY (B, E), and 2RL0
(G, F).
Table 5. Interaction between chartreusin and 2RKZ, 2RKY, 3CAL, and 2RL0.

Binding Interaction
Model affinity . .
(keal/mol) Protein Residue Bond Length (A)
B: ALA107 3.055, 2.56
F: GLU145 1.92
B GLyi4s ~ Hydrogen bond 371,331
. ) A: GLY131 3.46
YRKZ g1 Fibronectin FEjp——
' F:GLY145 o oomte 48
Interaction
B:ALAlQ7 | ydrophobic 3.47
interaction
FnBP-A N: THR542  Hydrogen bond 2.438
A: LYS172 1.98,2.54
A: GLN175 Hydrogen bond 3.09, 2.33
A: ASP157 2.86
Fibronectin ~ A: PRO173 3.99
A: HIS158 Hydrophobic 5.21
RKY -7 A: TYR174  interaction 4.45
C: ARG221 4.93
D: GLU524  Hydrogen bond 2.6
Electrostatic
FnBP-A B: GLUS09 interaction 4.26
D: TyRszz | ydrophobic 3.79
Interaction
3CAL -89 Fibronectin C: ASN108  Hydrogen bond 2.72,2.66
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C: ASN141 2.38

C: LEU139 3.21
C: CYS138 3.28
A:ARGlQy  lectrostatic 4.45,3.72
Interaction
A: GLUS2 433
C: ASN141 ) 3.73
A:LYSIIS Efiﬁ:;bw 53
A:ILE119 4.59
C:ILE119 5.18
F: ARG197 1.98, 2.6
A: GLN226  Hydrogen bond 2.3
A: GLU236 3.42
Fibronectin Electrostatic
2RLO -7.5 A GLU240 interaction 3.59,38
A: ILE228 Hydrophobic 3.35,3.7
A: LYS238 interaction 4.67
Hydrophobic

FnBP-A G: VAL640 4.9

interaction

Frutinone A interacted with both proteins in models 2RKZ and 3CAL (Table 6). In
model 2RKZ, hydrogen bonds were formed at A: GLY 131 and B: GLY 142 of fibronectin,
and N: THR541 of FnBP-A. The stability of the complex was further supported by
electrostatic and hydrophobic interactions (Fig. 3A). In model 3CAL, hydrogen bonds were
observed at A: SER103 and C: SER103 of fibronectin, while hydrophobic interactions with
D: HIS665 were detected in FnBP-A (Fig. 3B). The formation of fewer interactions in
model 3CAL indicates that its complex with the ligand is likely to be less stable than that
of model 2RKZ.

Table 6. Interaction between frutinone A and 2RKZ, 2RKY, 3CAL, and 2RL0.

Binding Interaction
Model affinity . .
(keal/mol) Protein Residue Bond Length (A)
A: GLY131 3.5
: Hydrogen bond
2RKZ  -7.8 Fibronectin B: GLY142 Electrostati 3.77
F:GLUI45 . corostatic 4.1,3.23,4.1
interaction
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interaction
F: ARG210 3.0434
K: TYR164  Hydrogen bond 2.86
K: PRO173 3.32
Electrostatic
2RLO -9.7 Fibronectin F: ASP213 interaction 3.45
F: THR207 3.48
K: TRP170 Hydrophobic 5.63,5.62
K: LYS172 interaction 4.1
K: ALA160 4.75
A ¢ ®)



\
. \THR105
b 1 \\\

\ ALA107

Fig. 3. Interaction between frutinone A and 2RKZ (A, C) and 3CAL (B, D).

Phyllocoumarin interacted with both target proteins in models 2RKY and 2RL0
(Table 7). In 2RKY, hydrogen bonds were formed at A: ARG197 and A: THR193 of
fibronectin and B: LYS510, B: GLY521, and D: GLU521 of FnBP-A (Fig. 4A), indicating
strong interactions with FnBP-A. In 2RL0, hydrogen bonds were observed at A: ASN108,
A: THR105, C: ASP91, and A: GLY142 of fibronectin, along with hydrophobic
interactions with C: ILE119 of FnBP-A (Fig. 4B). Additional electrostatic and hydrophobic

interactions further stabilised the complexes (Fig. 4). The greater number of interactions in

2RKY suggests stronger binding affinity and potential pharmacological advantage.
Table 7. Interaction between phyllocoumarin and 2RKZ, 2RKY, 3CAL, and 2RL0.

Binding Interaction
Model  affinity
Protei Resi B L A
(keal/mol) rotein esidue ond ength (A)
B: ASN108 2.15
A: GLY131 Hydrogen bond 2.17
B: THR105 2.4
2RKZ -8 Fi ti i
ibronectin F: GLU145 Electros'tatlc 37
interaction
B: ALA107 Hydrophobic 39,54
F: LEU139 interaction 5.34
A:ARGly7 ~ Licctrostatic 3.98
Fibronectin Interaction
2RRY 7.1 A:THR193  lydrophobic 3.78
interaction
FnBP-A B: LYS510 Hydrogen bond 2.77
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B: GLY512 35
D- GLU521 334
D:Lyssz3 | ydrophobic 5.19
Interaction
A- ASN108 291
A- THR105 238
WAL 89 Fibroncetin G ASPII Hydrogen bond 232
- 1oronectn = Gy 142 315
C:ILE119 Hydrophobic 5.24
A: ALA107 interaction 4
A- ASN108 254
A- THR105 36
H
. . CASP9I ydrogen bond 3.56
Fibronectin GIVIAS VT
JRLO  -98 ; T ;
A:ALA107 . Yeropnobie 472
interaction
FnBP-A C:1LEll9  [ydrophobic 4.64
interaction
A) (B)
| V‘I‘;)P ‘A“:’?'
DGS‘;J 1 DLSVZS! P -A;v; [ 1;:‘ ,',‘O
Interactions Interactions

- Conventional Hydrogen Bond- Pi-Sigma
[:] Carbon Hydrogen Bond [:] Pi-Alkyl
D Pi-Cation

- Conventional Hydrogen Bond - Pi-Pi Stacked

[:l Carbon Hydrogen Bond [:] Alkyl
l:‘l Pi-Sulfur :] Pi-Alkyl
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Fig. 4. Interaction between phyllocoumarin and 2RKY (A, C) and 2RL0 (B, D).

Novobiocin showed interactions with both proteins only in model 2RKZ. Hydrogen
bonds were observed at F: ASN141, A: GLY 131, B: GLY 142, F: GLU 145, and A: THR129
of fibronectin, as well as R: GLN534 of FnBP-A. Additional electrostatic and hydrophobic

interactions further stabilised the ligand-protein complex (Fig. 5).

Table 8. Interaction between Novobiocin and 2RKZ, 2RKY, 3CAL and 2RL0.

Binding Interaction
Model affinity
Protein Residue Bond Length (A)
(kcal/mol)
F: ASN141 2.1
A: GLY131 2.03
B: GLY142 Hydrogen bond 3.36
Fibronectin  F: GLU145 3.53
A: THR129 341
2RKZ -84
Electrostatic
F: GLU145 4.45
interaction
R: GLN534  Hydrogen bond 2.5
FnBP-A Hydrophobic
R: LYS537 _ . 4.33,4.13
interaction

17



C: ASP204 2.26
C: ASP219 Hydrogen bond 2.85
A: ASN220 2.32,2.2,2.82
2RKY -7.7 Fibronectin FElectrostatic
A: ASP204 . 3.71,3.94
interaction
Hydrophobic
C: LYS217 4.8
interaction
C:1LE119 2.25
Hydrogen bond
A: GLY142 2.75
C:LYS118 3.84
3CAL -7.8 Fibronectin A:ILEI119 497
Hydrophobic
C:1LE119 ) ) 5.34,5.28
interaction
4.38,4.05,
C:LYS118
5.46
K: TYR164 2.96
K: GLU171 2.86
K: ASP157 2.31
Hydrogen bond
B: GLY233 2.77
K: PRO173 3.41
F: THR207 2.98
F: ASP213 Electrostatic 3.6
2RLO 94 Fibronectin
F: THR207 interaction 3.35
K: LYS172 4.5
K: PRO173 4.51
F: ARG210 Hydrophobic 391
K: TYR174 interaction 5.11
K: ALA160 4.73
K:LYS172 4.87
(A) (B)
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Fig. 5. Interaction between novobiocin (A) and 2RKZ (B).

Importantly, residues B: ALA107 and F: GLU145 were consistently involved in the
interactions of all four ligands with model 2RKZ. This consistent involvement indicates
that these residues occupy key positions within the binding pocket, playing an important
role in the formation and stabilisation of the ligand-protein complex. Therefore, ALA107
and GLU145 may serve as potential hot spots for ligand optimisation to enhance binding
affinity and selectivity in future studies.

3.4. Pharmacological analysis results

Lipinski's Rule of Five was used in this study to evaluate the drug-likeness of four
coumarin compounds with favourable docking results: chartreusin, frutinone A,
phyllocoumarin, and novobiocin (Table 9).

Table 9. Lipinski's rule of five parameter results for chartreusin, frutinone A,

phyllocoumarin, and novobiocin.

Compounds MW LogP (<5) HBD (<5) HBA (<10) MR (40-130)
(<500 Da)

Chartreusin 640.6 0.947 5 14 154.029

Frutinone A 264 2.59 0 4 70.397

Phyllocoumarin 342 1.77 4 7 85.627

Novobiocin 612 3.138 6 13 15591

Frutinone A and phyllocoumarin satisfied all five criteria of Lipinski’s Rule of Five.

In contrast, chartreusin and novobiocin had molecular weights exceeding 500 Da, and their
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numbers of hydrogen-bond donors and acceptors were also higher than the required limits.
Their MR values were also above 130. Therefore, chartreusin and novobiocin are likely to
be highly polar in the body, making it difficult for them to permeate cell membranes and
reducing their oral bioavailability. Frutinone A and phyllocoumarin were selected for
further ADMET analysis, including evaluation of absorption, distribution, metabolism,
excretion, and toxicity (Table 10).

Table 10. ADMET parameters of frutinone A and phyllocoumarin.

Parameter Frutinone A Phyllocoumarin
Caco-2 permeability coefficient 4414 6.084
(LogPapp)
Absorption ~_P-gp inhibitor 0.422 0.343
P-gp substrate 0.28 0.149
Human intestinal absorption (HIA) 0.649 0.453
F (Bioavailability 30%) 0.606 0.404
Blood-brai . 1
ood-brain barrier permeability 0.992 0757
o (BBB)
Distribution
Plasma protein binding (PPB) (%) 86.193 88.278
Volume of distribution (VD) -0.501 -0.574
CYPI1A2 substrate Non-substrate Non-substrate
Metabolism CYP3A4 substrate Substrate Substrate
CYPI1A2 inhibitor Non-inhibitor Non-inhibitor
CYP3A4 inhibitor Non-inhibitor Substrate
) T % (Half life) 2.125 1.2
Excretion
Clearance (CL) 1.588 1.923
hERG Yes Yes
Human hepatotoxicity (H-HT) No Yes
Toxicity Skin sensitisation (LLNA) No No
AMES toxicity (Ames) No No
LD50 (mol/kg) 2.461 2.97

Absorption was evaluated using Caco-2 permeability (LogPapp), P-gp inhibition,

P-gp substrate status, and human intestinal absorption (HIA). Frutinone A showed higher



HIA than phyllocoumarin, indicating better intestinal absorption potential. However, both
compounds exhibited low Caco-2 permeability, suggesting limited passive diffusion across
the intestinal epithelium. This limitation may be attributed to their structural features,
particularly multiple aromatic rings, which increase hydrophobicity and reduce aqueous
solubility. In addition, both compounds showed low P-gp inhibition and substrate indices,
indicating a high likelihood of efflux from intestinal cells, which may further reduce
intracellular accumulation. Their oral bioavailability was predicted to be moderate,
suggesting that despite some absorption potential, these compounds may still face barriers
as oral drugs and could be more suitable for non-oral routes of administration.

Distribution was evaluated using BBB permeability, PPB, and VD. Frutinone A and
phyllocoumarin showed high BBB penetration (0.992 and 0.757), suggesting CNS
exposure, particularly for frutinone A. Both had PPB below 90%, indicating moderate
binding, while low VD suggests limited tissue distribution and a potential risk of systemic
toxicity at high plasma levels. Overall, frutinone A may exert greater CNS effects than
phyllocoumarin.

The metabolic potential of frutinone A and phyllocoumarin was evaluated based on
key hepatic cytochrome P450 enzymes. Both compounds were neither substrates nor
inhibitors of CYP1A2, indicating that they are not metabolised via this pathway and are
unlikely to interfere with CYP1A2-dependent drug metabolism. In contrast, both were
identified as substrates of CYP3 A4, suggesting metabolism by this major hepatic enzyme
and potential susceptibility to drug—drug interactions. Frutinone A showed no inhibitory
activity toward CYP3A4, indicating a low risk of affecting the metabolism of co-
administered drugs. However, phyllocoumarin acted as a CYP3A4 inhibitor, suggesting
that it may alter the pharmacokinetics of CYP3A4-dependent drugs, potentially increasing
drug exposure and toxicity.

Excretion of frutinone A and phyllocoumarin was evaluated using their half-life and

clearance (CL) rates. Both compounds had relatively short half-lives, suggesting a
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moderate elimination rate. Additionally, their clearance rates were at a moderate level, with
phyllocoumarin indicating faster elimination than frutinone A.

Toxicity assessment included hERG inhibition, hepatotoxicity, skin sensitisation
(LLNA), genotoxicity (AMES), and LDso. Both compounds showed hERG inhibition
potential, suggesting a risk of cardiac arrhythmia, while phyllocoumarin additionally
exhibited hepatotoxicity. However, both were non-irritant and non-mutagenic. Their LDso
values were relatively low (2.461 g/kg for frutinone A and 2.97 g/kg for phyllocoumarin),
indicating notable acute toxicity. Overall, frutinone A appears less toxic than
phyllocoumarin but still warrants caution due to its potential cardiotoxicity.

Although ADMET analysis provided insight into absorption, permeability, and
toxicity, this study did not assess off-target interactions due to its focus on FnBP-A docking
and basic pharmacokinetic predictions. Therefore, potential off-target effects of these
coumarin derivatives require further investigation, particularly during structural
optimisation and in vitro validation.

4. Conclusions

The binding affinities of fourteen compounds towards the FnBP-A-fibronectin
complex were evaluated using AutoDock4 and AutoDock Vina, with vancomycin HCI
employed as the positive control, given its established clinical use in the treatment of bone
and joint infections. Four compounds - chartreusin, frutinone A, phyllocoumarin, and
novobiocin - met the selection criteria. Their interactions with four models (2RKZ, 2RKY,
3CAL, and 2RL0) were analysed and visualised using PyMOL and BIOVIA Discovery
Studio, revealing interactions with both FnBP-A and fibronectin across models. Notably,
in the primary model 2RKZ, all four compounds consistently interacted at B: ALA107 and
F: GLU145, suggesting key roles in ligand recognition and complex stabilisation.

The pharmacokinetic characteristics of chartreusin, frutinone A, phyllocoumarin,
and novobiocin were further assessed using Lipinski’s Rule of Five and ADMET profiling.
Due to violations of Lipinski’s criteria, chartreusin and novobiocin were not included in

subsequent ADMET analyses. In contrast, ADMET evaluation of frutinone A and
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phyllocoumarin indicated that both compounds may possess drug-like potential, although
limitations in absorption and toxicity suggest that they may be more suitable for non-oral
administration.

Frutinone A has been widely studied, whereas data on the in vivo or clinically
relevant properties of phyllocoumarin remain limited. The present findings suggest that
phyllocoumarin may serve as a promising lead compound against S. aureus infections.
Although chartreusin and novobiocin were not included in ADMET analysis, previous
reports and consistent docking results from both platforms indicate that they also warrant
further experimental evaluation, particularly for bone and joint infections.
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