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Abstract: Cultured lichen mycobionts have been considered as valuable sources of natural
compounds with unique structure scaffolds. Nigrovothelium inspersotropicum, a crustose
lichen from the family Trypetheliaceae, is an indigenous species in Vietnam. However,
there is a scarcity of chemical and biological information available regarding N. insper-
sotropicum and its cultured mycobionts. In this study, the mycobiont of N. inspersotropicum
was cultivated and subjected to chemical and biological investigations. As a result, six
compounds, including 3,4-dihydro-7,8-dihydroxy-6-methoxy-3-methylisocoumarin (1), (+)-
(35)-6,7-dimethoxymellein (2), 8-hydroxy-6,7-dimethoxyisocoumarin (3), aspermytin A (4),
subnudatone B (5), and f-sitosterol (6), were isolated and structurally elucidated using
extensive spectroscopic analyses (ID- and 2D-NMR and HRESIMS). Notably, compound
1 is new compound, while compound 2 is identified as a new natural compound. The
isolated compounds were evaluated for their inhibitory activities against alpha-glucosidase,
nitric oxide production, SARS-CoV-2 MP™, and HIV-1 reverse transcriptase. In summary,
this study presents new information on natural compounds derived from the mycobiont of
N. inspersotropicum and their promising anti-inflammatory, antihyperglycemic, and antivi-
ral activities.

Keywords: Nigrovothelium inspersotropicum, isocoumarin, alpha-glucosidase inhibition, NO
inhibition, HIV-1 reverse transcriptase

1 Introduction

Lichens represent sophisticated symbiotic consortia, formed
by a heterotrophic fungal partner (the mycobiont) and
one or more photoautotrophic partners (the photobionts).
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Functioning as a cohesive biological entity, they are distin-
guished by their specialized secondary metabolism, which
produces a wide range of unique chemical compounds.
Many of these lichen-derived metabolites have emerged as
high-priority candidates in the search for novel bioactive
scaffolds with significant pharmaceutical and biotechnolog-
ical potential (Rosabal & Pino-Bodas, 2024). Biologically,
lichenized fungi form a specialized group that obtain fixed
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carbon through their photosynthetic partners. While they are
ecologically obligate, they exhibit physiological facultativity.
Under appropriate in vitro conditions, isolated mycobionts
can retain metabolic autonomy and grow independently
(Yasmin & Jabin, 2024).

This distinct ecological-physiological dichotomy serves
as the foundational rationale for their utilization in nat-
ural products research. The axenic cultivation of lichen
mycobionts effectively separates the fungal partner from
the regulatory and metabolic influences of the photobiont.
Consequently, laboratory-cultured mycobionts serve as a
robust platform for the expression of cryptic biosynthetic
gene clusters. Within the field of natural products chemistry,
cultured lichen mycobionts are considered valuable sources
of unique chemical scaffolds (Duong et al., 2020; Kinoshita
et al., 2005; Le et al., 2013, 2024; Miyagawa et al., 1994; Tak-
enaka et al., 2005; Tanahashi et al., 2003; Tran et al., 2024).
The compounds isolated from these mycobionts are more
closely related to fungal components than to the original
lichen (Le et al, 2013). Nigrovothelium inspersotropicum,
a crustose lichen belonging to the family Trypetheliaceae
(Lucking et al., 2016), has not been widely investigated
with respect to its chemical constituents. Cultured myco-
bionts derived from lichens of the family Trypetheliaceae
have been comprehensively studied, including genera such as
Trypethelium, Marcelaria, Astrothelium, and Pseudopyrenula
(Duong et al., 2020; Jarupinthusophon et al., 2019; Srini-
vasan et al., 2020; Sun et al., 2010; Takenaka et al., 2013).
These investigations have led to the discovery of novel bioac-
tive compounds from cultured mycobionts. For example,
subnudatones A and B were isolated from Pseudopyrenula
subnudata, with subnudatone A showing moderate cytotox-
icity against K562 and MCF-7 cell lines (IG5 23.5 + 1.0
and 51.9 + 1.4 pM, respectively). From the cultured myco-
biont of Marcelaria cumingii, several trypethelone derivatives
were identified, including (-)-2' S-trypethelone methyl ether,
which exhibited selective inhibition of HCTI116 and A549
cells (ICsg 0.32 + 0.03 and 1.05 + 0.12 uM, respectively). Addi-
tional new trypethelones, along with naphthoquinone and
phenalenone derivatives, have been isolated from cultured
mycobionts of Trypethelium eluteriae and Trypethelium sp..
Similarly, 7-hydroxy-8-methoxytrypethelone from Astrothe-
lium sp. displayed modest antibacterial activity against
Enterococcus faecalis and methicillin-resistant Staphylococcus
aureus. Collectively, these findings underscore the remark-
able biosynthetic capacity of the Trypetheliaceae family and
highlight its strong potential as a reservoir of novel therapeu-
tic scaffolds, suggesting that unexplored members may yield
additional valuable secondary metabolites. However, there
is limited information regarding the chemical profiles of N.
inspersotropicum and its cultured mycobionts both in terms
of their biological and chemical properties. Recent inves-
tigations of the genus Nigrovothelium have mainly focused
on its taxonomy (Aptroot & Liicking, 2016; Gogoi et al.,
2022; Lucking et al., 2016; Satapathy et al., 2021; Singh et al.,
2018). These studies indicated that the mentioned lichen has
been distributed in Brazil, India, and Vietnam. In the ongoing
research on Vietnamese lichen mycobionts (Duong et al.,
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2020; Le et al., 2013, 2024; Tran et al., 2024), the mycobiont
of N. inspersotropicum was successfully cultivated and chem-
ically analyzed. The primary objective of this research is to
investigate the chemical and biological data of the myco-
biont of N. inspersotropicum, with a specific focus on the
inhibition of alpha-glucosidase and nitric oxide (NO), and
the inhibition of the HIV virus and SARS-CoV-2 MP*°, In
summary, this study presents novel insights into natural com-
pounds extracted from the mycobiont of N. inspersotropicum,
highlighting their potential anti-inflammatory, antihyper-
glycemic, and antiviral activities.

2 Materials and Methods
2.1 General Experimental Procedures

NMR spectra were obtained on a Bruker Avance III instru-
ment operating at 500 MHz for 'H and 125 MHz for *C,
with tetramethylsilane (TMS) used as the internal reference.
High-resolution electrospray ionization mass spectromet-
ric (HRESIMS) data were acquired on a MicrOTOF-Q
system coupled to an Agilent 1100 LC-MSD Trap plat-
form. Thin-layer chromatography (TLC) was performed on
Merck precoated silica gel plates (60 F254 or RP-18 F254S),
and the chromatographic spots were detected by spraying
with 10% H,SO, followed by heating. Open-column chro-
matography was conducted using silica gel 60 (particle size
0.040-0.063 mM, Himedia). Saccharomyces cerevisiae o-
glucosidase (E.C. 3.2.1.20) and acarbose used in the enzyme
assays were purchased from Sigma-Aldrich.

2.2 Lichen Material and Mycobiont Culture

The lichen N. inspersotropicum was collected from the bark
of trees in Long An Province (10.769665, 105.940201), Viet-
nam in May 2022. The voucher specimens (registration
PHHO011357) were identified by Dr. Vo Thi Phi Giao, Uni-
versity of Science and deposited at University of Sciences, Ho
Chi Minh City, Vietnam.

The method of mycobiont culture followed that presented
in the former reports (Do et al., 2022a; Tran et al., 2024)
with slight modifications. The procedure began by cleaning
the lichen sample under tap water for 15 min to remove
adhering debris. The next step involved surface disinfec-
tion via a 90-second soak in 70% ethanol, after which the
sample was rinsed three separate times in sterile distilled
water. After rinsing, the sample was placed in a clean bench
for natural drying. Thin sections of the lichen thallus were
prepared using a sterile razor blade and mounted on slides
to visualize fungal spores under 4x and 10x objectives. Spores
were then collected using a micropipette and inoculated onto
Petri dishes containing MY10 medium (10 g/L malt extract,
4 g/L yeast extract, 100 g/L sucrose, and 15 g/L agar). Sub-
sequently, the cultures were incubated in darkness at 18°C.
The plates were monitored at weekly intervals to observe the
emergence of mycobiont colonies. Plates showing pure myco-
biont growth were then transferred to 22°C for an additional
two months to achieve sufficient biomass. Subsequently, the
colonies were cut into small pieces using a sterile scalpel, and
the resulting fragments were transferred onto fresh MY10
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medium. These subcultures were then incubated in the dark
at 22°C for three months.

The lichen mycobiont’s voucher specimen (No. UE-MY05)
was stored at Department of Biology, Ho Chi Minh City
University of Education.

2.3 Extraction and Isolation

The harvested colonies (60 g dry weight) were ground into a
fine powder and subsequently macerated with ethyl acetate
(10 x 800 mL, weekly intervals). The combined extracts were
concentrated under reduced pressure to yield 2.5 g of crude
EtOAc extract. This extract was subjected to silica gel column
chromatography (CC) and eluted with an n-hexane-EtOAc
gradient (10:1 to 0:10, v/v), resulting in six fractions: EAl
(301 mg), EA2 (450 mg), EA3 (420 mg), EA4 (435 mg), EA5
(360 mg), and EA6 (500 mg).

Specifically, fraction EAl was further purified by silica
gel CC, eluting with n-hexane: CHCL; (L:1, v/v) to afford
three sub-fractions: EA1.1 (52 mg), EAL2 (46 mg), and EA1.3
(105 mg). Fraction EA1.3 was then subjected to C;5 reverse-
phase silica gel chromatography using methanol:water (5:1,
v/v) as the eluent, yielding compounds 5 (2.5 mg) and 6
(30.0 mg).

Fraction EA3 was fractionated via silica gel CC using a
gradient of n-hexane:EtOAc:acetone (10:1:1 to 0:1:1, v/v/v),
yielding four sub-fractions: EA3.1 (85 mg), EA3.2 (150 mg),
EA3.3 (70 mg), and EA3.4 (110 mg). Fraction EA3.1 was fur-
ther chromatographed over silica gel and eluted with CHCl:
acetone (10:1, v/v) to obtain compound 3 (2.5 mg). Fraction
EA3.4 was purified by silica gel CC with a mobile phase of
n-hexane: CHCL: EtOAc: acetone (5:1:0.5:0.5, v/v/v/v) to give
compounds 1 (1.7 mg) and 2 (2.1 mg).

Finally, fraction EA4 was subjected to silica gel CC, eluted
with n-hexane: CHCl;: EtOAc: acetone (5:1:2:2, v/v/v/v), pro-
viding three sub-fractions: EA4.1 (125 mg), EA4.2 (50 mg),
and EA4.3 (200 mg). Compound 4 (5.0 mg) was purified
from fraction EA4.1 using silica gel CC eluted with CHCL:
acetone (9:1, v/v).

2.4 Alpha-Glucosidase Inhibition

The a-glucosidase enzyme inhibition assay followed the pro-
tocol described by Do et al. (2022b). The samples were diluted
in a phosphate buffer (0.1 M, pH 6.9), which also contained
5% DMSO. The a-glucosidase enzyme (0.1 U/mL) and p-
nitrophenyl-a-D-glucopyranoside substrate (5 mM) were
prepared in a phosphate buffer (0.1 M, pH 6.9). Each well of
a 96-well plate received 50 pL of the sample (in triplicate)
followed by 40 pL of the enzyme solution. Control wells
were prepared by substituting the sample with a 5% DMSO
solution. The plate was incubated at 37°C for 20 minutes.
Next, 40 puL of the substrate solution was added to each
well, and the incubation continued at 37°C for an additional
20 min. The reaction was terminated by adding 130 pL of 0.2
M Na,CO; to the mixture. The absorbance of the mixture
was measured at 405 nanometers using a CLARIOstar Plus
multimode microplate reader (BMG LABTECH, Ortenberg,
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Germany). The percentage of inhibition of a-glucosidase
activity was evaluated using the following formula:

o-Glucosidase inhibition percentage (%)

OD of sample
=(1- ——F———x100
OD of control

2.5 HIV-1 Reverse Transcriptase Inhibition

A 2.5 uL aliquot of Poly(A) ribonucleotide template (at a con-
centration of 1 mg/mL) and a 2.5 pL aliquot of Oligo d(T)16
primer (at a concentration of 50 pg/mL) were hybridized
in a sterile tube to gain the mixture X. The mixture was
incubated at ambient temperature for 60 minutes to allow
annealing. Subsequently, 1 mL of a polymerization buffer
including Tris-HCI (60 mM, pH 8.1), potassium chloride
(60 mM), magnesium chloride (8 mM), DTT (13 mM), and
dTTP (100 uM) was added to the tube. The assay to identify
compounds capable of inhibiting HIV-1reverse transcriptase
was conducted in a 96-well black plate. Initially, the 3 pL
volume of a reaction buffer (20 mM Tris at pH 7.5, 100 mM
NaCl, 2 mM DTT, and 0.4 mM EDTA) was added to each
well. Subsequently, 15 pL of the mixture X was added to each
well. The compounds were dissolved in dimethyl sulfoxide
and subsequently added to the reaction mixture to attain a
final concentration of 10 pM. The mixture was incubated at
room temperature for 30 minutes following the addition of
5 uL of 25 nM HIV-1 reverse transcriptase. The reaction was
terminated by adding 2 pL of 0.2 M EDTA. Subsequently,
173 pL of PicoGreen dye dissolved in 1X Tris-EDTA buffer
was added to the reaction mixture. The fluorescence inten-
sity of the reaction mixture was immediately quantified in
endpoint mode at 485 nM for excitation and 535 nM for
emission using an Infinite 200 Pro multimode microplate
reader (Tecan, USA). A reaction without any inhibitor served
as the control. For the blank, the inhibitor was replaced with
DMSO, and EDTA was added before the enzyme. Nevirapine
at1puM was used as a positive control. The inhibition percent-
age was calculated as the following equation: %I = (1 - Ei:ig )
* 100, where Fs: fluorescence intensity of the samples, Fc:
fluorrescence intensity of control, Fb: fluorrescence intensity
of blank (Tran et al., 2024).

2.6. Molecular Docking Study of Anti-Inflammatory
Activity of 1

The phosphodiesterase 4 (PDE4) protein was obtained from
the Protein Bank (PDB: 4WCU), then in silico studies were
performed using Schrodinger software. The protein was first
prepared using Protein Preparation Wizard (Madhavi Sastry
et al., 2013), then water was removed from the structure,
binding site were created using Receptor Grid Generation.
Ligands were prepared using Ligprep. The docking process
included Glide Docking which consisted of 2 steps: Standard
precision (SP) and Extra precision (XP) and finally MM-
GBSA (Jacobson et al., 2004) calculation.

2.7 Nitric Oxide Inhibition

The inhibition of nitric oxide production by compounds 1-6
was determined with the same procedure previously reported
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(Ngoc Mai et al., 2024; Sukandar et al., 2023). RAW264.7 cells
were initially seeded into 96-well plates at a density of 6 x 10*
cells per well and cultured for 24 h. Subsequently, the cells
were exposed to 100 ng/mL lipopolysaccharides (LPS) either
alone (as a control) or in the presence of the test compounds
at concentrations of 50 and 100 uM for 24 h at 37°C. To
quantify nitric oxide production, 100 UL of the culture super-
natant was mixed with an equal volume of Griess reagent
(Sigma-Aldrich, G4410) and incubated at room temperature
for 10 min. The absorbance was then recorded at 540 nM
using a Thermo Scientific Varioskan LUX microplate reader.
Each sample underwent triplicate analysis at five distinct
concentrations that were positioned around the ICsy value.
The mean values obtained from these analyses were recorded.
L-NMMA served as a positive control.

2.8. SARS-CoV-2 MP™ Inhibition

A Fluorescence Resonance Energy Transfer (FRET)-based
assay was used to assess the inhibitory activity of the test
compounds against SARS-CoV-2 Mpro. Working solutions
of the protease and the fluorogenic substrate were prepared
in buffer X (20 mM Tris, pH 7.5, 100 mM NaCl, 2 mM DTT,
and 0.4 mM EDTA), whereas buffer Y, which lacked DTT,
was employed for diluting the test samples. All reactions
were set up in a black 384-well microplate with a final assay
volume of 25 pL per well. Each reaction began with the
addition of 10 uL of buffer X, followed by 5 pL of SARS-
CoV-2 Mpro (3 uM). Test compounds were then introduced
to achieve a final concentration of 10 uM. After a 10-min
incubation at room temperature, the FRET substrate was
added to reach 40 uM. Fluorescence was continuously mon-
itored for 30 min at 1-min intervals on an Infinite 200 Pro
multimode plate reader (Tecan, USA) using excitation at
340 nM and emission at 430 nM. The SARS-CoV-2 MF'®
inhibition percentage of compounds was determined using
the following equation: %I = (1 — [Ss/S]) * 100, where Sg is
the slope of the reaction with inhibitor, S is the slope of the
reaction without inhibitor, and S;, is the enzymatic blank. A
series of ten concentrations, ranging from 80 uM to 0.2 uM,
were prepared through twofold serial dilutions for the deter-
mination of the ICsy values of the compounds. For ICs
determination, ten serial twofold dilutions (0.2-80 pM) of
each compound were prepared. Dose-response curves were
generated using GraphPad Prism 8.0.1 (GraphPad Software,
USA), and ICs; values were obtained by nonlinear regression
using a variable-slope model.

2.9 Statistical Analysis

Three independent experiments were conducted to eval-
uate NO inhibitory and cytotoxic activities, as well as
alpha-glucosidase inhibitory activity. Data are presented as
mean + standard deviation. Statistical analysis between sam-
ples was performed using ANOVA for alpha-glucosidase
inhibitory activity.

ORIGINAL ARTICLE
3 Results and Discussion

The lichen N. inspersotropicum was collected from the bark
of Hopea trees. The lichen was stored in a cold envi-
ronment, and its mycobiont component was subsequently
isolated. The mycobiont was subsequently cultivated under
controlled conditions for two months. The resulting biomass
was collected and further utilized for chemical analyses.
The crude EtOAc extract of the mycobiont was prepared
and subsequently subjected to various isolation techniques
(Scheme 1), yielding eight compounds 1-6: 3,4-dihydro-7,
8-dihydroxy-6-methoxy-3-methylisocoumarin (1), (+)-(3S)-
6,7-dimethoxymellein (2) (Choudhary et al, 2004), 8-
hydroxy-6,7-dimethoxyisocoumarin (3) (Kiang et al., 1994),
aspermytin A (4) (Tsukamoto et al., 2004a), subnudatone B
(5) (Duong et al., 2020), and f-sitosterol (6) (Figure 1). The
structures of these compounds were determined by extensive
spectroscopic analyses (ID- and 2D-NMR and HRESIMS).
The structural elucidation of these compounds was described
as follows.

The molecular formula of 1 was determined as C;,H;40¢
based on a protonated ion peak at m/z 255.0854 [M + H]*
(calc. for C;,H;505, 255.0863) in the HR-ESI-MS mass spec-
trum. The 'H NMR spectrum in chloroform-d; showed one
proton aromatic [8y 6.55 (1H, s, H-5)], two methoxy groups
[0y 3.96 (3H, s, 6-OCH;) and 8y 3.91 (3H, s, 7-OCH;)],
one hydrogen-bonded hydroxy group [éy 1116 (1H, s, 8-
OH)], one doublet methyl [8y 1.58 (3H, d, ] = 6.8 Hz, H-3')],
and two oxymethines [dy 4.65 (1H, gd, ] = 6.8, 2.5 Hz, H-
3) and 4.50 (1H, dd, ] = 6.8, 1.8 Hz, H-4)]. The ’C-NMR
spectrum, in conjunction with the HSQC and HMBC data,
revealed four quaternary carbons [§¢ 159.1 (C-6), 156.6 (C-
8), 137.4 (C-7), 136.6 (C-4a), and 117.4 (C-8a)], three methine
carbons [d¢ 102.9 (C-5), 78.1 (C-3), 67.7 (C-4)], two methoxy
carbons [d¢ 60.8 (7-OCHjs), 56.5 (6-OCHj3)], and one methyl
carbon [d¢ 16.0 (C-3')]. In the A-ring, the positions of two
methoxy groups [0y 3.96 (3H, s, 6-OCHj;) and 3.91 (3H, s,
7-OCHj3)] were determined by HMBC correlations of H-5
(8u 6.55) to three quaternary carbons at ¢ 159.1 (C-6) and
137.4 (C-7); of 6-OCHj3 (8 3.96) to C-6; and 7-OCHj; (0
3.91) and C-7, and of 8-OH [6y 11.16 (1H, s)] to C-7 and C-8
(Figure 2). In the B-ring, HMBC correlations of the methyl
H;-3' (8y 1.58) and two methine carbons at dc 78.1 (C-3)
and 67.7 (C-4) indicated the spin system through C-3 and
C-4. The relative configuration of 1 was determined as a
trans configuration of H-3 and H-4, defined by the coupling
constant Jy.3/4.4 being 6.8 Hz that was evidently observed in
the 'H NMR spectrum in acetone-ds (see Supporting infor-
mation), similar to that of related compounds (Ayer et al.,
1993; Duan et al., 2018; He et al., 2016; Yang et al., 2011). This
finding was strongly supported by a key NOESY correlation
between H;-3" and H-4. A comparison of the NMR data of 1
with lignicol (Ayer et al., 1993) and (3R,4R)-6,7-dimethoxy-
4-hydroxymellein (Choudhary et al., 2004) revealed notable
similarities (Table S1). In conjunction with these findings,
the chemical structure of compound 1 was elucidated and
subsequently named nigrovothelone, as depicted in Figure 1.
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Figure 2. HMBC and COSY correlations of 1-2

The 1D and 2D NMR spectra of compound 2 exhib-
ited striking similarities to those of compound 1 (Table 1),
suggesting a structural relationship. The chemical structure
of compound 2 was subsequently determined to be 3,4-
dihydro-7,8-dihydroxy-6-methoxy-3-methylisocoumarin, a
previously identified compound (Ayer et al.,1993; Duan et al.,
2018; Mali et al.,, 1993, p. 1). Mali and colleagues synthe-
sized a mixture of two enantiomers of 2 (Mali et al., 1993).

Table1. '"H-NMR (500 MHz, J in Hz) and "> C-NMR (125 MHz) of
1-2

No 1 2
& ot &b 8P
1 169.0 171.7
3 4.65(qd, 6.8,2.5) 781 450 (m) 737
4 450 (dd, 6.8,1.8) 676 288 (m) 332
4a 130.2* 133.9
5 6.55 (s) 102.8 6.57 (s) 111.2
6 156.6* 1573
7 137.8* 127.8
8 154.4% 156.8
8a 121.3* 126.0
3 1.58 (d, 6.8) 160  148(d,6.0) 205
4-OH
6-OMe 3.96 (s) 56.2 3.92 (s) 56.0
7-OMe 3.91 (s) 60.8
8-OH 1116 (s) 15.28 (s)

Note: Recorded in *chloroform-d; "DMSO-ds determined by
HMBC correlations.

http://doi.org/10.25135/rnp.2511.3727
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However, the 1D NMR data for this mixture was incom-
plete. Consequently, compound 2 was identified as a new
natural compound.

The absolute configuration of 1 and 2 were determined
from ECD data (Figure 3), which exhibited strong negative
Cotton effects at 270-275 nM (Ayer et al.,, 1993; Duan et al.,
2018). This indicated that 1 and 2 have a 3R configuration and
further defined a 4S configuration of 1.

Compounds 1-3 belong to the isocoumarin class, a group
of metabolites renowned for their diverse pharmacologi-
cal profiles (Tammam et al., 2023). As noted by Cai et al.
(2022), isocoumarins isolated from the mangrove-derived
tungus Talaromyces flavus exhibited potent antioxidant and
o-glucosidase inhibitory activities superior to standard con-
trols, highlighting their potential as therapeutic agents
for oxidative stress and diabetes management (Cai et al.,
2022). The class of dihydroisocoumarins represents a sig-
nificant group of naturally occurring lactones that continue
to attract interest due to their diverse biological activities
and structural diversity. Recent literature highlights their
potential as multi-target bioactive agents, particularly in anti-
inflammatory, antioxidant, cytotoxic, and enzyme inhibitory
contexts (Ortiz et al., 2019). For example, secondary metabo-
lites belonging to dihydroisocoumarins have been reported
to exhibit anti-inflammatory effects by modulating pro-
inflammatory mediators, suggesting therapeutic relevance
for chronic inflammatory disorders (Sun et al., 2025).

Sun and colleagues demonstrated that the specific rotation
of aspermytin A was determined to have opposite signs in
acetonitrile (ACN) and chloroform (Sun et al., 2017). Notably,
no ECD data for aspermytin A has been discovered (Inoue,
2010; Inoue et al., 2013). Tsukamoto and co-workers deter-
mined the absolute configuration of (+)-aspermytin A using
ECD data of its structural analog (Figure 4) (Tsukamoto et al.,
2004b). The CE values of compound 4, including a positive
CE at 230 nM, a negative CE at 250 nM, and a positive CE
at 310 nM, were consistent with those of peaurantiogriseol A
(Maetal., 2015). Compound 5 was elucidated as subnudatone
B, previously isolated by Duong and co-workers (Duong
etal., 2020). The relative configuration of this compound was
defined using the NOESY spectrum and comparison with
NMR data recorded in the same chloroform-d. However, the
absolute configuration of 5 has not been determined yet. The

5
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opposite CEs at 250-260 nM and 310-320 nM for 4 and 5 < 1207
(Figure 4) indicated they had opposite configurations of C-4, 90-; 1004 .
C-10, and C-14. o
> ® -
(+)-Aspermytin A (4) exhibited significant neurotrophic ;E, 80 ::?25(151;;? £7.7 ng/ml
effect on the rat pheochromocytoma cells (PC-12) % 60 e
(Tsukamoto et al_) 20043) but the enantiomer (_)-Aspermytin [ T O N
A showed no activity of inducing neurite outgrowth and S 407
antimicrobial activity against Escherichia coli (ATCC 25922), S op-
Staphylococcus aureus (ATCC 25923), and Candida albicans < P S
(ATCC 60193). (+)-Aspermytin A showed the inhibition 00 0 ) 0'5 ) 1'0 ) 1'5 ) 2'0 ) 2'5 ) 3'0
against the proliferation of CD3" T cells (Sun et al., 2017). ' U ' X ' '
Little is known about the biological activity of 1-5. log(inhibitor concentration) (ug/mL)
3.1 Alpha-Glucosidase Inhibition Figure 5. Dose-response curve for the alpha-glucosidase inhibition
) by 6

The compounds 1-6 were assessed for their potential to
inhibit a-glucosidase. While most of them did not demon-
strate significant inhibitory activity, compound 6 showed a
moderate level of inhibition, with IG5y of 132.3 + 7.7 pg/mL
(Figure 5). This value is lower than that of acarbose
(IGso = 203.9 + 11.0 ug/mL), suggesting that compound 6
has a stronger inhibitory effect compared to the reference
standard.

6

3.2 NO Inhibitory Activity

Compounds 1-6 were evaluated for their inhibitory activity
on nitric oxide (NO) production in LPS-induced RAW 264.7
macrophage cells, using L-NMMA (IG5 41.3 uM) as the
positive control (Table 2). As shown in Table 2, compound

http://doi.org/10.25135/rnp.2511.3727
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Table 2. NO production inhibitory effect of 1-6

Compounds  NO inhibition Cytotoxicity in
IG5 (UM)? RAW 264.7 cells
IG5 (uM)?
1 718 £ 0.25 >100
2 >100 >100
3 >100 >100
4 >100 >100
5 >100 >100
6 >100 >100
L-NMMA® 413 +3.6 >100

Note: *Data presented as mean + standard deviation (SD).
®Positive control.

Table 3. SARS-CoV-2 MP™ inhibition of compounds

Compounds  Inhibition percentage (%)

1 0.16 £ 0.06
2 0.60 = 0.02
3 8.67 + 0.06
4 1.92 £ 0.34
5 1.3 +£0.07

6 56.0 £ 0.50
Lopinavir (1 uM) 33.46 + 0.69

1 exhibited notable NO inhibitory activity, with IG5, val-
ues of 718 + 0.25 uM. Both compounds were more potent
than the positive control, L-NMMA. In contrast, compounds
2-6 showed no significant inhibition of NO production.
Importantly, none of the compounds exhibited cytotoxicity at
concentration up to 100 pM, suggesting that the inhibition of
NO production observed was not a result of general cytotox-
icity but was instead due to specific inhibitory mechanisms
targeting NO synthesis.

3.3 SARS-CoV-2 MP™ Inhibition

Compounds 1-2 and 5-6 were screened for SARS-CoV-2
MP™ inhibition at a final concentration of 10 uM. The high-
est activity was observed for compound 6, with inhibition
percentages of 56.0% (Table 3). IC5, value of compound 6
was determined to be 6.50 + 0.44 uM (Figure 6), lower than
that of lopinavir (122.5 uM), suggesting a stronger inhibitory
activity. In contrast, compounds 1, 2, and 5 exhibited negligi-
ble inhibitory activity, with inhibition percentages of 0.16%,
0.60%, and 1.3%, respectively. These findings suggest that the
structural features of compound 6 may contribute to their
higher affinity for the SARS-CoV-2 MP™ active site, making
them potential candidates for further optimization.

3.4 HIV-1 Reverse Transcriptase Inhibition

Compounds 1-2, and 6 were assessed for their inhibitory
capacity against HIV-1 reverse transcriptase at a final con-
centration of 200 uM (Table 4). Among these compounds,
compound 7 exhibited no inhibitory activity. Compound 2
demonstrated weak inhibition of HIV-1reverse transcriptase,
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Table 4. HIV-1 reverse transcriptase inhibition by

compounds
Compound Inhibition percentage (%)

1 535+0.3

2 325+£0.1

3 1.2+0.1

4 42+01

5 20.7+0.3

6 0.2+0.1
Nevirapine (1 uM) 383+25
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R? = 0.9971

=]
o
1

D
o
1

'S
o
1

Inhibition percentage (%)
N
o
1

o

T T T T T T 1
2 3 4

log(inhibitor concentration) (uM)

o
-

Figure 7. Dose-response curve for inhibition of HIV-1 reverse
transcriptase by 1

approximately 30%, while compound 1 displayed the most
potent inhibitory effect, with a 53.5% inhibition rate. The ICs,
value for compound 1 was determined to be 145.5 + 5.7 uM
(Figure 7), indicating moderate activity. This value is higher
than that of Nevirapine (1.6 + 0.1 uM), suggesting that com-
pound 1 exhibits weaker activity in comparison. These results
suggest that the chemical structure of compound 1 may
be more suitable for interaction with the reverse transcrip-
tase enzyme than the other compounds tested, making it a
promising candidate for further optimization as an HIV-1

reverse transcriptase inhibitor.
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Table 5. The substantial ligand interactions between the optimal docking pose and the receptor 4WCU

Compounds Docking score MM-GBSA (kcal/mol) Interaction
o Pi-pi stacking: Phe 372
Native ligand ~100 834 H-bond: Hip 160, Met 273, Gln 433
Pi-pi stacking: Phe 372
! -8 99 H-bond: Asn 321, Gln 369
SER\ - PHE)
1E GLNT 368 340 LEU

Native ligand

Figure 8. The 2D diagram of interactions between 1 and 4 WCU

PHE,
3400

)
MET
273

PHE
432

1LE

i (164
5010

3.5 Molecular Docking of Anti-Inflammatory Activity
of 1

The results indicated that the pi-pi stacking interaction
between Phe372 facilitated the stabilization of the directional
core of both the native ligand and the two studied ligands.
However, hydrogen bonding interactions were not replicated
between the native ligand and the two studied ligands due to
substantial differences in size (with the native ligand being
larger) and the varying substituents attached to the molecules
(Figure 8). The docking scores revealed that the native ligand
had a superior pose score of —10 kcal/mol, compared to
—8.5 kcal/mol for ligand 1 (Table 5). This difference translated
into a proportional binding affinity to the protein, with the
two studied ligands exhibiting only approximately 70-80% of
the binding affinity with the reference ligand (-59.9 kcal/mol
of ligand 1 compared to —83.4 kcal/mol of native ligand).

4 Conclusions

From the «cultured mycobiont of the lichen N.
inspersotropicum, six compounds nigrovothelone (1), 3,4-
dihydro-7,8-dihydroxy-6-methoxy-3-methylisocoumarin

(2), 8-hydroxy-6,7-dimethoxyisocoumarin (3), aspermytin
A (4), subnudatone B (5), and S-sitosterol (6), were isolated
and structurally elucidated. Notably, compounds 1-2 are

new natural compounds. Among these compounds, 1
exhibits substantial nitric oxide inhibitory activity in both
in vitro and in silico assays, suggesting their potential
as anti-inflammatory agents. Compound 1 exhibited
moderate HIV-1 reverse transcriptase inhibition with
an IG5y value of 145.5 + 5.7 pM, indicating potential
antiviral properties. Compound 6 showed moderate
alpha-glucosidase inhibition, suggesting a possible role in
managing hyperglycemia.
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