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Abstract

Sesquiterpenoids are terpenoid-derived compounds with diverse biological activities and are
commonly found in plants of the Dysoxylum genus (Meliaceae). This study aimed to isolate and
characterize sesquiterpenoids from the n-hexane extract of Dysoxylum acutangulum Miq. and to
evaluate their antibiofilm activity against Streptococcus mutans. The extract was separated using
various chromatographic techniques to yield one tricyclic sesquiterpenoid and one mixture of
epimeric sesquiterpenoids. Structural elucidation was performed using spectroscopic analyses,
including MS, IR, and NMR, and by comparison with reported data. The isolated compounds were
identified as spathulenol (1), 10-oxo-isodauc-3-en-15-al (2a, mayor), and sinulin A (2b, minor). In
vitro testing showed weak antibiofilm activity (MBIC 250-500 pig/mL) and no significant inhibition
at 62.5 pg/mL compared to chlorhexidine. Molecular docking against Sortase A and GtfB revealed
moderate binding affinities consistent with the experimental trend. The slightly better activity of the
epimeric mixture suggests a possible additive effect. Overall, these findings provide preliminary
structure—activity insights into sesquiterpenoids from D. acutangulum as potential antibiofilm
candidates, warranting further mechanistic and combination-based investigations.

Keywords: sesquiterpenoids; Dysoxylum acutangulum; antibiofilm; Streptococcus mutans

1. Introduction

Sesquiterpenoids are the most abundant class of terpenoids, biosynthetically derived from three
isoprene units. As of 2014, more than 10,000 sesquiterpenoids with diverse and structurally intriguing
scaffolds had been reported [1]. These compounds play essential roles in various sectors, particularly
as major constituents of fragrances along with monoterpenoids [2,3]. In recent years,
sesquiterpenoids have also attracted considerable attention due to their broad range of
pharmacological activities, including neuroprotective, anti-inflammatory, antidepressant, anti-
hepatic fibrosis, and antibacterial effects [4-7]. Notably, several newly identified sesquiterpenoids
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from natural sources have demonstrated significant antibacterial activity against pathogenic bacteria
such as Staphylococcus aureus, methicillin-resistant Staphylococcus aureus (MRSA), Bacillus spp.,
Erwinia carotovora, and Pseudomonas spp. [8,9].

The discovery of antibacterial sesquiterpenoids has further encouraged research in more
targeted areas, particularly antibiofilm activity. Biofilms are structured communities of
microorganisms that adhere to surfaces and grow as collective entities. They are estimated to be
responsible for approximately 65-80% of chronic infections in the human body and have been
detected in nearly all organ systems, including the digestive and excretory systems. Biofilm-
associated diseases include acute pneumonia, chronic rhinosinusitis, chronic otitis media, urinary
tract infections, chronic prostatitis, bacterial vaginosis, osteomyelitis, atherosclerosis, dental caries,
gastric ulcers, and inflammatory bowel disease [10,11]. Both Gram-positive and Gram-negative
bacteria are capable of forming biofilms; however, Streptococcus mutans is among the most prevalent
and clinically relevant biofilm-forming bacteria. S. mutans plays a central role in the initiation and
progression of dental caries through its strong adhesion to tooth surfaces, acidogenic and aciduric
properties, and its ability to synthesize extracellular polysaccharides that stabilize biofilm
architecture [12]. Consequently, inhibition of S. mutans biofilm formation is considered a key strategy
for the prevention and management of dental caries, a disease with a reported global prevalence of
up to 82.8% [13].

The Meliaceae family, a member of the order Sapindales, comprises tropical plant species that
are widely recognized for their valuable timber and fragrant stems. It includes approximately 58
genera with around 740 species [14]. Sesquiterpenoids have been reported from several genera within
this family, including Aglaia [15], Dysoxylum [16], Chisocheton [17], Guarea [18], Trichilia [19], and
Lansium [20]. The genus Dysoxylum exhibits a broad geographical distribution, mainly across tropical
and subtropical areas such as China, India, Malaysia, northeastern Australia, and other regions of
Southeast Asia. To date, about 200 species of Dysoxylum have been identified as sources of diverse
secondary metabolites, including sesquiterpenoids [21,22], sesquiterpenoid dimers [23], diterpenoids
[24,25], triterpenoids [26-29], limonoids [30-33], and macrolides [34].

Previous studies reported the isolation of phenolic sesquiterpenoids, including dioxophenol and
(7R,10S)-2-hydroxycalamenene, from the twigs of D. dewnsiflorum, both of which exhibited
antibacterial activity against Bacillus subtilis with minimum inhibitory concentration (MIC) values of
28 uM [35]. Motivated by these findings, we investigated the sesquiterpenoid constituents of the less-
studied species D. acutangulum Miq.. In this study, four sesquiterpenoids representing diverse
scaffolds were isolated: spathulenol (1), and an isodaucane-type sesquiterpenoid obtained as an
epimeric mixture (2a and 2b). Their isolation, structural elucidation, along with in vitro and in silico
antibiofilm activities against S. mutans are reported herein.

2. Results and Discussion

The ethanolic extract from the twigs of D. acutangulum Miq. was macerated and extracted
consecutively with n-hexane, ethyl acetate, and n-butanol. The n-hexane extract of D. acutangulum
was separated by a combination of normal-phase and reversed-phase column chromatography to
give compounds 1 and 2.

Figure 1. The structure of compounds 1 and 2.
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Compound 1 was isolated as a colorless oil, with a molecular formula CisH20O based on HR-
TOFMS with the positive ion peak m/z 221.1918 [M + HJ* (calcd. 221.1905), resulting in four degrees
of unsaturation. IR spectra showed absorption bands indicating the presence of hydroxyl (3379 cm-
1), C-H sp? aliphatic (2927 cm!), C=C olefinic (1635 cm™), gem-dimethyl (1455 and 1375 cm™), and ether
group (1095 cm™). The "H-NMR spectra showed proton resonance related to three tertiary methyls at
on 1.04 (3H, s, CHs-12), 1.06 (3H, s, CHs-13), and 1.28 (3H, s, CHs-15), olefinic methylene at 61 4.66
(1H, br.s, H-14) and 4.69 (1H, br.s, H-14), as well as two methines at éu 0.46 (1H, dd, J=9.5, 11.3 Hz,
H-6) and 0.71 (1H, ddd, J=11.3, 9.4, 6.1 Hz, H-7). Analysis of 3*C-NMR supported by DEPT 135° spectra
of compound 1 shows 15 carbons resonance consisting of three methyls at 0. [16.3 (C-12), 26.1 (C-15),
28.6 (C-13)], one aliphatic quaternary carbon 6. [20.3 (C-11)], four aliphatic methylenes 6. [24.8 (C-8),
26.7 (C-2), 38.8 (C-9), 41.7 (C-3)], four aliphatic methylenes 6. [27.5 (C7), 29.9 (C-6), 53.4 (C-1), 54.3 (C-
5)], one oxygenated quaternary carbon oc [81.0 (C-4)], one olefinic methylene 0. [106.2 (C-14)], and
one olefinic quaternary carbon 0. [153.4 (C-10)]. Based on 'H-NMR, BC-NMR, and DEPT 135°,
compound 1 has four unsaturated degrees. One unsaturation degree comes from the terminal olefinic
group (C=CH2), while the remaining comes from the tricyclic framework. The chemical shift from 'H-
NMR at 01 0.46 (1H, dd, J=11.3,9.5, 6.1 Hz, H-6) and 0.71 (1H, ddd, J=11.3, 9.4, 6.1 Hz, H-7), suggested
the presence of a cyclopropane moiety of a sesquiterpenoid aromadendrane framework, and it was
supported by the existence of an upfield quaternary carbon at 6. 20.3 (C-11) [39]. Comparison of the
NMR data of 1 with those of previously reported compounds revealed close agreement with
spathulenol [40]. The optical rotation ([a]3® +1.25° (c 0.001, CHCls)) shows an agreement with (+)-
spathulenol, confirming the stereochemistry of 1 [41].

Compound 2 was isolated as an epimeric mixture, which was obtained as a yellowish oil. On the
basis of their 'TH-NMR and *C-NMR spectra, the ratio of mixture 2a and 2b was deduced as 4:1. Most
of the signals were well-resolved for both compounds. Compound 2 yielded a molecular formula of
C1sH20s, as determined by HR-TOFMS, with an m/z value of 257.1520 [M + Na]* (calcd. 257.1517),
indicating five unsaturation degrees. Furthermore, the "H-NMR spectra of the major compound 2a
presented one methyl singlet resonance at 6u 1.32 (3H, s, CH3-14) and two doublet methyl resonances
at 6u 0.94 (3H, d, CHs-13), 0.93 (3H, d, CHs-12). These methyls have the same | value, 6.8 Hz.
Additionally, one methine sp? at 6u 6.63 (1H, d, J=5.5 Hz, H-4) and an aldehyde proton resonance at
o 9.30 (1H, s, H-15) were also present in the 'H-NMR spectrum. The “C-NMR spectrum
accompanied by DEPT 135° of 2a showed the presence of 15 carbons, including three methyls
resonance at oc 19.7 (C-13), 22.0 (C-12), and 25.0 (C-14), four methylenes resonance at 6. 38.9 (C-1),
19.7 (C-2), 26.8 (C-7), 35.2 (C-8), four methines at 6c 53.2 (C5), 55.4 (C-6), 32.4 (C-11) including an
olefinic methine at 6c 158.7 (C-4), three quaternary carbons resonance at 6. 59.7 (C-9), including an
olefinic quaternary carbon resonance at dc 143.8 (C-3) and a carbonyl ketone at 6. 212.2 (C-10), as well
as one aldehyde at 6c 192.8 (C-15). Based on '"H-NMR, ®*C-NMR, and DEPT 135°, compound 2a has a
methine olefinic group (C=CH), a ketone, and an aldehyde. Therefore, the two remaining
unsaturation degrees are attributed to the bicyclic system of a sesquiterpenoid. The presence of one
quaternary aliphatic carbon, one tertiary methyl, and two secondary methyl carbons indicates the
characteristic of isodaucane-type sesquiterpenoid [42]. The 'TH-NMR and *C-NMR resonances of 2a
and 2b showed high similarity, supporting the same planar structure, with some chemical shift
differences arising from stereochemical differences (Table 2). To further confirm the structure of this
mixture, comprehensive 2D NMR experiments were performed (Figures S8-S11). 'H-'H COSY
spectrum established the isodaucane skeleton, including the endocyclic double bond, as evidenced
by the correlation between H-5 and the olefinic proton H-4. HMBC correlations were then used to
assign the positions of the functional groups. The tertiary methyl at o 1.32 (H-14) showed correlation
with the quaternary carbon C-12 and the ketone at C-11, suggesting a neighboring position. In
addition, the olefinic proton at ou 6.63 (H-4) showed correlation with the aldehyde (C-15), a
methylene at C-2, and a quaternary at C-9. Based on these correlations, the planar structures of 2a
and 2b were established, as shown in Figure 2. The NOESY experiment was conducted to further
confirm the stereochemistry of both the major and minor components. H-14, a naturally occurring p-
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orientation proton in the isodaucane scaffold, was used as a reference to deduce the configurations
of the remaining stereocenters [43,44]. In the major component 2a, a NOESY correlation between H-
14 and H-6 indicated a -orientation for H-6. In contrast, compound 2b showed NOESY correlations
of H-14 with both H-6 and H-5, suggesting a difference at one stereogenic center and indicating that
2a and 2b constitute an epimeric mixture. Comparison of the NMR data of 2a and 2b with those of
previously reported compounds revealed close agreement with 10-oxo-isodauc-3-en-15-al and
sinulin A, respectively [43,45]. Accordingly, compounds 2a and 2b were identified as a mixture of 10-
oxo-isodauc-3-en-15-al and sinulin A, isolated for the first time from D. acutangulum Miq.

Table 1. NMR data (700 MHz for 'H and 175 MHz for *C, in CDCls) for 1.

Compound 1
Noof C
dc (mult.) 5 (CH, m, ] (Hz))
1 53.4 (d) 1.30 (1H, m)
1.91 (1H, qd, 11.7; 6.3)
2 26.7 (t
(®) 1.63 (1H, m)
1.77 (1H, ddd, 12.8; 6.3; 1.5
3 41.7 (t) ( )
1.57 (1H, m)
4 81.0 (s) -
5 54.3 (d) 1.31 (1H, m)
0.46 (1H, dd, 9.5; 11.3
6 29.9 (d) ( )
0.71 (1H, ddd, 11.3;9.4; 6.1
7 275 (d) ( )
1.98 (1H, dtd, 14.3; 6.2; 1.7)
8 24.8 (t
® 2.21 (1H, td, 10.5; 6.0)
2.42 (1H, dd, 6.3; 13.4)
9 38.8 (t
(®) 2.04 (1H, t, 13)
10 153.4 (s) -
11 20.3 (s) -
12 16.3 (q) 1.04 (3H, s)
13 28.6 (q) 1.06 (3H, s)
4.66 (1H, br.s)
14 106.2 (t
(® 4.69 (1H, br.s)
15 26.1 (q) 1.28 (3H, s)
Table 2. NMR data (700 MHz for 'H and 175 MHz for *C, in CDCls) for 2a and 2b.
No of Compound 2a Compound 2b
HMBC
C 6c (mult.) ou (XH, m, | (Hz)) oc (mult.) ou (XH, m, | (Hz))
2.79 (1Ha, dt, 14.1, 5.3) 2.56 (1H, m (overlap)) C2,C3, C10
1 389 (t) 38.0 (t)
2.44 (1Hb, m) 2.43 (1H, m (overlap)) C1, C3, C4, C10, C15
2.72 (1H, dt, 14.6,5.2) 3.00 (1H, ddd, 15.6, 7.1, 3.2) -
2 19.7 (t) 20.1 ()
2.50 (1H, m) 2.05 (1H, m) C2,C1, C5,C9, C3,C15
3 143.8 (s) - 143.7 (s) - C14, C6, C9, C3, C4, C10
4 158.7 (d) 6.63 (1H, d, 5.5) 157.5 (d) 6.78 (1H, 5.0, 2.0) C13, C9, C5, C7
5 53.2 (d) 2.53 (1H, m) 49.1 (d) 2.48 (1H, m (overlap)) C5,C9, C6, C8
6 55.4 (d) 1.82 (1H, m) 494 (d) 2.08 (1H, m) C14, C5, C9, C7
1.4 (1H, m) 1.53 (1H, m) -
7 26.8 () 24.0 ()
1.86 (1H, m) 1.91 (1H, m) -
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2.20 (1H, m) 2.24 (1H, m) C7,C6
8 35.2 (1) 33.3 (1)
1.41 (1H, m) 1.57 (1H, m) C6, C11, C13
9 59.7 (s) - 60.3 (s) - C6, Cl11, C12
10 212.2 (s) - 213.3 (s) - C8, C5, C9, C10
11 324 (d) 1.65 (1H, m) 315 (d) 1.67 (1H, m) C2,C3,C4
12 22.0 (q) 0.93 3H, d, 6.8) 21.6 (q) 0.93 3H, d, 6.9) C2,C3,C10
13 19.5 (q) 0.94 (3H, d, 6.8) 18.9 (q) 0.88 (3H, d, 6.7) C1, C3, C4, C10, C15
14 25.0 (q) 1.32 (3H, s) 19.5 (q) 1.02 (3H, s) -
15 192.8 (d) 9.34 (1H, s) 192.8 (d) 9.49 (1H, s) C2,C1,C5,C9, C3,C15

(65 132, 5 25.0) (61,02, 3¢ 19.5)
. e

(6y 1.82, 6. 55.4)

(3 2.08, 5. 49.4)!

— THTH COSY

/N key HMBC P « NOESY

(a) (b)

Figure 2. Selected 'H-'"H COSY and HMBC correlations of 2 (a) and NOESY correlations of 2a and 2b (b).

Table 3 summarizes the antibiofilm activity of the n-hexane extract, isolated compounds 1 and
2, and chlorhexidine against Streptococcus mutans ATCC 25175, expressed as minimum biofilm
inhibitory concentration (MBIC). The n-hexane extract exhibited relatively weak activity, with an
MBIC value of 2500 pg/mL. In contrast, the isolated compounds demonstrated markedly improved
antibiofilm potency, where compounds 1 and 2 inhibited biofilm formation at 500 ug/mL and 250
pg/mL, respectively. Although chlorhexidine remained the most active reference agent (MBIC 62.5
pg/mL), the enhanced activity observed for the purified compounds compared to the crude extract
clearly indicates that antibiofilm efficacy is concentrated within specific chemical constituents rather
than the extract as a whole.

These findings underscore that a compound-oriented approach in the search for antibiofilm
agents is more promising than relying on crude extracts. Isolation of single molecules not only
enhances biological activity but also enables mechanistic elucidation at the molecular level, including
target identification, binding interactions, and structure-activity relationship (SAR) analysis.
Therefore, we conducted further investigations using in silico approaches to provide deeper insight
into molecular interactions of sesquiterpenoid-based compounds with biofilm-associated targets and
to rationalize their in vitro inhibitory profiles.

Table 3. Antibiofilm activity of compounds 1 and 2 against S. mutans.

MBIC (ug/mL)

Sample Streptococcus mutans ATCC 25175
n-hexane extract 2500
1 500
2 250
Chlorhexidine 62.5

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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2.1. Molecular Docking Result

The molecular docking simulations provided significant insights into the binding preferences of
the test ligands—1, 2a, and 2b—compared to the commercial antiseptic Chlorhexidine against three
key virulence targets of Streptococcus mutans. The binding affinities and the nature of the chemical
interactions are summarized in Table 4.

Across the receptors, chlorhexidine exhibited the strongest binding affinity for Sortase A (-7.931
kcal/mol) and GtfB (-8.309 kcal/mol). This suggests that while chlorhexidine is a potent general
inhibitor compared to our ligand. The high stability of the chlorhexidine-GtfB complex can be
attributed to a dense network of polar interactions, including conventional hydrogen bonds with
residues such as Glu489, Asp562, and Asp567, supplemented by Pi-Pi stacked non-polar interactions
as shown in Figure 4. In contrast, our ligands relied more heavily on a combination of non-polar
interactions (Pi-alkyl/alkyl) and specific hydrogen bonding. For instance, in Sortase A (SrtA), as
shown in Figure 3, ligand 2a established polar interactions with Tyr241 and Thr167, which likely
contribute to its superior affinity (-6.266 kcal/mol) compared to Spathulenol (-6.072 kcal/mol).

The computational analysis revealed that the test ligands exhibit moderate-to-high binding
affinities toward the targeted S. mutans virulence proteins. Notably, the ligands demonstrated
superior theoretical affinity for GtfC compared to the reference control, suggesting significant
potential for disrupting the initial stages of biofilm scaffolding. These in silico observations provide
a robust foundation for the subsequent in vitro MBIC evaluations (Table 3). The observed rank-order
correlation validates the discriminatory power of the docking model, as it accurately categorized the
potency profiles of the control and test compounds. Furthermore, the data align with the
thermodynamic principles described by previously reported method [44], in which a AG variance of
approximately 1.36 kcal/mol corresponds to a tenfold shift in binding magnitude. The transition from
-8 to -6 kcal/mol represents a 20- to 30-fold difference in theoretical affinity, which is biologically
consistent with the 4- to 8-fold increase observed in the experimental MBIC values in SrtA and GtfB
enzymes.

Table 4. Molecular docking results targeted enzymes that contributed to biofilm production.

Binding . )
Receptors Ligands affinity P(?lar 1n'teract'10n .Non-po'lar
(amino acid residue) interaction
(kcal/mol)
Sortase A/SrtA Chlorhexidine -7.931 Phe237a, GIn2393, Pi-alky/alkyl
(PDB ID: 4TQX) Tyr2412, GIn2432,
Phe24 6
1 -6.072 - Pi-alkyl/alkyl
2a -6.266 Tyr2412, Thr167° Pi-alkyl/alkyl
2b -6.072 Arg238p Pi-alkyl/alkyl
Glucosyltransferase Chlorhexidine -8.309 Glu4892, Asp5622, Pi-alkyl, Pi-Pi
B/GtfB (PDB ID: Asp5672, Tyr584zc, stacked
8FK4) Tyr404°
1 -7.166 Glu489- Pi-alkyl/alkyl
2a -7.001 Asn8882, GIn566> -
2b -6.949 Trp4912 -

a: conventional hydrogen bond. b: carbon-hydrogen bond. c: attractive charge/Pi-cation.
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Figure 3. Molecular docking analysis showing the 3D binding modes and 2D interaction profiles of
Chlorhexidine and the isolated compounds (1, 2a, and 2b) within the active site of Streptococcus mutans Sortase
A (SrtA). (A) Full view of the Sortase A protein surface and binding pocket indicated by red circle; (B) Close-up
3D view of Chlorhexidine in the binding site; (C) 2D interaction diagram for Chlorhexidine; (D, F, H) 3D binding
poses of 1, 2a, and 2b; (E, G, I) Corresponding 2D interaction maps for the ligands in D, F, and H.

In line with the previous bioassay evaluation of the three isolated sesquiterpenoids (compounds
1, 2a, and 2b), the concordance between the in silico docking data (Table 4) and the in vitro MBIC
results (Table 3) further reinforces the predictive validity of the computational model. Although
compound 1 theoretically displayed comparable or slightly favorable binding energies toward SrtA
and GtfB relative to 2b (-6.072 vs —-6.072 kcal/mol in SrtA; -7.166 vs —6.949 kcal/mol in GtfB), its in
vitro antibiofilm activity (MBIC 500 pig/mL) was inferior to compound 2 (MBIC 250 ug/mL). This
apparent discrepancy can be rationalized by hypothesizing a cooperative or multi-target effect
between isomeric constituents 2a and 2b within compound 2, leading to enhanced biological efficacy
compared to a single sesquiterpenoid entity.

Such synergistic or sensitization phenomena have been widely reported for sesquiterpenes; for
instance, nerolidol mixtures (including cis-, trans-, and racemic forms) has been reported to potentiate
the antibacterial efficacy of multiple antibiotics against Staphylococcus aureus and Escherichia coli,
resulting in significantly reduced MIC values through membrane-disruptive and permeability-
enhancing mechanisms [47-49]. The combined presence of 2a and 2b may facilitate improved target
accessibility, membrane interaction, or multi-site engagement within S. mutans virulence enzymes,
thereby amplifying antibiofilm performance beyond what is predicted solely from individual
docking scores. Therefore, while docking accurately discriminated the general potency hierarchy
(chlorhexidine > test ligands), the biological outcome underscores the importance of compositional
and cooperative effects in sesquiterpenoid-based antibiofilm agents. Collectively, these findings not
only demonstrate alignment between thermodynamic predictions and experimental MBIC trends but
also provide new insight into the potential of sesquiterpenoid mixtures as promising antibiofilm
scaffolds, warranting further mechanistic and combination-based investigations.
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Figure 4. Molecular docking analysis showing the 3D binding modes and 2D interaction profiles of
Chlorhexidine and the isolated compounds (1, 2a, and 2b) within the active site of Streptococcus mutans GtfB. (A)
View of binding pocket of GtfB indicated by red cirlce; (B) Close-up 3D view of Chlorhexidine in the binding
site; (C) 2D interaction diagram for Chlorhexidine; (D, F, H) 3D binding poses of 1, 2a, and 2b; (E, G, I)
Corresponding 2D interaction maps for the ligands in D, F, and H.

3. Materials and Methods

3.1. General Experimental Prosedures

Infrared spectra were measured on a Perkin-Elmer Spectrum 100 with KBr disk (Waltham,
Massachusetts, USA). Mass spectra were measured with a waters XEVO HR-TOEF-ESI-MS (Milford,
MA) complemented with ESI+ mode. The NMR spectra were recorded with internal standard as a
TMS on a Bruker Ascend spectrometer, involving 'H at 700 MHz, 3C at 175 MHz, DEPT 135°, 'H-'H
COSY, HMBC, HSQC, and NOESY. Vacuum liquid chromatography (VLC) and column
chromatography (CC) were performed on silica gel 60 (Merck KGaA, Darmstadt, Germany, 70-230
and 230-400 mesh) and octadecyl silane (ODS, Chromatorex C18 DM1020T, Fuji Sylisia Chemical
Ltd., Japan, 100-200 mesh). The isolation guidance was utilized in a thin layer chromatography (TLC)
using silica gel 60 F2s4 (Merck KGaA, Darmstadt, Germany) plates of the normal phase and the reverse
one using reverse phase RP-18 Fasss plates (Merck KGaA, Darmstadt, Germany). Detection of the TLC
plate was monitored under UV light at 254 and 365 nm before spraying with 10% H250s in ethanol,
followed by heating. The bacterial strain used for antibiofilm activity evaluation was Streptococcus
mutans ATCC 25175.

3.2. Plant Material

The sample was D. acutangulum Miq. twigs which were gained from Bogor Botanical Garden,
Bogor, West Java Province, Indonesia. The sample was determined with number of specimen
(IIL.F.20) at Herbarium Bogoriense, West Java Province, Indonesia.

3.3. Extraction and Isolation

Dried twig powder of D. acutangulum Miq. (5.6 kg) was macerated with 96% ethanol at room
temperature. The resulting macerate was filtered and concentrated under reduced pressure using a
rotary evaporator at 40 °C to afford a crude ethanolic extract (340.9 g). The crude extract was
subsequently suspended and subjected to successive liquid-liquid partitioning based on solvent
polarity using n-hexane, ethyl acetate, and n-butanol. Each fraction was concentrated under vacuum
to yield n-hexane extract (37.5 g), ethyl acetate extract (113 g), and n-butanol extract (1 g), respectively.
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The n-hexane extract (37.5 g) was separated on vacuum liquid chromatography (VLC) with a
stepwise gradient of n-hexane: EtOAc: MeOH (100:0-0:100-100:0, 10% v/v) to yield 11 fractions (Fr. A
- K). Fr. C (6.3 g) was chromatographed on silica gel CC using a stepwise gradient of n-hexane:EtOAc
(100:0-0:100, 1% v/v) to yield 10 subfractions (Fr. C — C10). Fr. C6 (306 mg) was subjected to ODS CC
using MeOH:H20 (8:2) to yield 7 subfractions (Fr. C6.1 — C6.7). Fr. C6.5 (16 mg) was subjected to CC
silica gel with n-hexane:DCM (6:4) to afford 1 (10 mg). Fr. C8 (638 mg) was subjected to CC silica gel
with n-hexane:DCM (5:5) to yield 4 subfractions (Fr. C8.1 — C8.4). Subsequently, Fr. C8.3 (45 mg) was
subjected to ODS CC using MeOH:H20 (6:4) to afford an epimeric mixture of 2a and 2b (7 mg).

Spathulenol (1): Colorless oil, IR (KBr) vmax cm': 3388; 2928; 1635; 1454; 1375; 1128 cm; TH-NMR
(CDCls, 700 MHz); 3C-NMR (CDCls, 175 MHz), see Table 1, HR-TOFMS m/z 221.1910 [M+H]*
(calculated for Ci15sH2:0, m/z 221.1905).

10-oxo-isodauc-3-en-15-al (2a) and sinulin A (2b): Yellowish oil; 'TH-NMR (CDCls, 700 MHz); 3C-
NMR (CDCls, 175 MHz), see Table 2; HR-TOFMS m/z 257.1520 [M+Na]* (calculated for CisH220:2Na,
m/z 257.1517).

3.4. Determination of Antibiofilm Activity

The antibiofilm activity was evaluated by determining the Minimum Biofilm Inhibitory
Concentration (MBIC) using a crystal violet microdilution assay in a 96-well microplate. All
equipment and materials were sterilized by autoclaving at 121 °C for 15 min prior to use. The test
bacteria were grown on agar media at 37 °C for 18-24 h, and several colonies were suspended in
Brain Heart Infusion Broth (BHIB) supplemented with 2% sucrose and incubated for a further 18-24
h. The bacterial suspension was adjusted to 0.5 McFarland standard (=1-2 x 108 CFU/mL) and
dispensed into the microplate with appropriate controls, including sample control, negative control,
solvent control, and positive control (chlorhexidine). After adding test samples and performing serial
dilutions, the plate was incubated for 18-48 h. The wells were then washed with PBS, stained with
1% crystal violet, and the bound dye was solubilized with 30% glacial acetic acid. Biofilm formation
was quantified by measuring absorbance at 595 nm using a multimode microplate reader.

3.5. Molecular Docking Analysis

Molecular docking analysis was run for understanding the theoretical interaction between
compounds 1 and 2 and the enzymes in S. mutans. The biofilm formation in S. mutans is produced
because of the activity of Sortase A (SrtA) and Glucotransferases (Gtfs), including GtfB, GtfC, and
GtfD [36—38]. The three-dimensional structures of all target protein structures for SrtA (4TQX) and
GtfB (8FK4) were obtained from the RCSB Protein Data Bank. Protein preparation involved removing
water molecules, adding polar hydrogens, and assigning Kollman charges using AutoDockTools
within a Python environment in Jupyter Notebook. Molecular docking was executed using AutoDock
Vina. As we did blind docking, we created tiled grid box for finding the binding site throughout the
protein structure. The grid box searched for each protein described as follows, 4TQX coordinate at
18.0A, 24.0A, -3.0A, and size at 40A, 51A, 70A; 8FK4 coordinate at 24.0A, 33.0A, 118.0A, and size at
70A, 73A, 118A. Then, after tiling the grid box, the grid coordinate that produced highest binding
affinity has chosen as follows, 4TQX coordinate at 23.0A, 34.5A, —8.0A, and size at BOA, 3OA, BOA;
8FK4 coordinate at 44.01&, 54.5A, 74.0A, and size at 30A, 30A, 30A. The docking results were ranked
based on the binding affinity scores (kcal/mol), and the binding interactions were visualized in
BIOVIA Discovery Studio.

4. Conclusions

In conclusion, this study successfully isolated sesqiterpenoids for the first time from the n-
hexane extract of D. acutangulum Miq. twigs. The identified compounds, spathulenol (1), along with
10-oxo-isodauc-3-en-15-al (2a) and sinulin A (2b) as an epimeric mixture, are noteworthy, particularly
for the novelty of compounds 1 and 2 within this genus. In vitro evaluation against Streptococcus
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mutans demonstrated weak antibiofilm activity (MBIC 250-500 ug/mL), which remains lower than
that of chlorhexidine as the reference control.

The in silico analysis supported the experimental findings by revealing similarly moderate
binding affinities toward Sortase A and GtfB, with a consistent rank-order trend. The relatively better
activity observed for the epimeric mixture compared to the single compound suggests a possible
additive or multicomponent contribution under biological conditions. Overall, this study provides
an initial structure-activity relationship insight into sesquiterpenoids as antibiofilm candidates,
although further optimization and mechanistic investigations are required to enhance their
therapeutic relevance.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: HRTOFMS Spectrum of 1; Figure S2: FTIR Spectrum of 1; Figure S3:
'H-NMR Spectrum of 1; Figure S4: 3C-NMR and DEPT-135° Spectrum of 1; Figure S5: HRTOFMS Spectrum of
2; Figure S6: 'TH-NMR Spectrum of 2; Figure S7: 3*C-NMR and DEPT-135° Spectrum of 2; Figure S8: HSQC
Spectrum of 2; Figure S9: 'H-'H-COSY Spectrum of 2; Figure 510: HMBC Spectrum of 2; Figure S11. NOESY
Spectrum of 2.
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