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Chemical epigenetic modification uncovers new
isocoumarins from the endophyte
Dothideomycetes sp. BMC-101
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Four new isocoumarin derivatives including two pair of enantiomers [(+)- dothideomarins A (1a/1b) and B
(2a/2b)], as well as two related analogs, dothideomarins C and D (3 and 4), were isolated from the
endophytic fungus Dothideomycetes sp. BMC-101 obtained from Magnolia grandiflora L. by applying the
OSMAC (One Strain Many Compounds) strategy combined with MS/MS-based molecular networking.
The enantiomeric pairs existed as racemic or partially racemic mixtures and were obtained by chiral
HPLC separation. Their structures were elucidated by comprehensive spectroscopic data analysis, single-
crystal X-ray diffraction, and comparison of the experimental and computed ECD curves. Biological
screening of all the compounds found that compounds 1a and 2a exhibited moderate to weak cytotoxic
activity against U87, A549, SW1990 and HCT-116 cells lines, with ICsq values ranging from 31.9 to 48.1 uM.

1 Introduction

Natural products remain a pivotal resource for the discovery of
novel bioactive compounds and pharmacophores.> Endophytic
fungi represent a particularly rich source, harboring a diverse
array of biologically active secondary metabolites.** However,
genomic analyses indicate that a substantial number of
biosynthetic gene clusters (BGCs) in fungi remain transcrip-
tionally silent under standard laboratory culture conditions.’ To
access this hidden chemical potential, various strategies have
been developed, including heterologous expression and the
manipulation of pathway-specific regulators.®® Among these,
the “One Strain Many Compounds” (OSMAC) approach, has
proven highly effective in activating silent BGCs and yielding
structurally unique and/or bioactive molecules.® To date,
OSMAC has facilitated the discovery of numerous microbial
natural products spanning various classes, including cyclic
peptides, alkaloids, polyketides, and terpenoids.'®'* Typically,
the OSMAC strategy incorporates methods such as variation of
medium composition, variation of culture condition, coculti-
vation, and chemical epigenetic modification. In particular,
chemical epigenetic manipulation by supplementing fungal
culture mediums with some small molecular epigenetic modi-
fying agents, such as DNA methyltransferase (DNMT) inhibitors
and histone deacetylase (HDAC) inhibitors, has been an
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effective approach to unlock cryptic metabolites and discover
new or previously unexpressed secondary metabolites."”” SAHA
(suberoylanilide hydroxamic acid) is a class I/Il HDAC inhibitor.
In fungi, histone acetylation/deacetylation regulates chromatin
structure and gene expression. Inhibition of HDAC by SAHA
leads to hyperacetylation of histones, which relaxes chromatin
and facilitates the transcription of otherwise silent biosynthetic
gene clusters (BGCs).****

In our initial studies, an endophytic fungus, Dothideomycetes
sp. BMC-101 was isolated from samples of Magnolia grandiflora
L. collected from Bengbu Medical University, China."” A detailed
chemical investigation of this strain led to the discovery of
dothideomins A-D, a series of previously undescribed bi-
santhraquinones featuring a unique cage-like 6/6/6/5/6/6/6
heptacyclic or 6/6/6/5/6/3/6/6 octocyclic scaffold.'®'” To further
explore the metabolic potential of this strain, the OSMAC
strategy, conducting a series of experiments including variation
of medium composition and chemical epigenetic modification
were carried out to activate the silent biosynthetic pathways of
Dothideomycetes sp. BMC-101.

Notably, the addition of SAHA induced the most significant
alteration in the metabolic profile of Dothideomycetes sp. BMC-
101, as monitored by HPLC-UV analysis. The results showed
that the known dothideomins A-D could be identified from
both samples (with and without SAHA), while peaks within
17.5-19.5 min were markedly enhanced with SAHA, indicating
that a silent biosynthetic gene cluster (BGC) might be activated
by the addition of SAHA (Fig. S1). Consequently, a large-scale
fermentation was performed using solid medium supple-
mented with SAHA at a final concentration of 400 nM. Guided
by molecular networking, four new compounds, designated
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dothideomarins A-D (1-4), were isolated. These included two
pairs of racemic isocoumarins: (—)-dothideomarin A (1a)/
(+)-dothideomarin A (1b) and (—)-dothideomarin B (2a)/
(+)-dothideomarin B (2b). The details of the isolation, structural
elucidation, and activities of compounds 1-4 were described
herein.

2 Materials and methods

2.1. General experimental procedures

Optical rotations were measured on a Bellingham Stanley
ADP450 digital polarimeter. Spectra were recorded on a Shi-
madzu UV-2700 spectrophotometer. IR spectra were obtained
with a Nicolet iS50 FT-IR spectrophotometer in KBr discs. The
ECD spectra were measured on a JASCO J-715 spec-
tropolarimeter. 'H NMR, >C NMR and 2D NMR spectra were
recorded on an Agilent DD2-500 spectrometer, and a JNM-
ECZ600/S1 600 MHz spectrometer with tetramethylsilane
(TMS) as an internal standard. HRESIMS spectra were obtained
by using a Thermo Scientifc Q Exactive mass spectrometer in
positive and negative ionization mode. Column chromatog-
raphy (CC) was performed with silica gel (200-300 mesh,
Qingdao Marine Chemical Inc.) and Sephadex LH-20 (Amer-
sham Biosciences). Semipreparative HPLC was carried out
using a Shimadzu LC 20 instrument (Shimadzu Corporation,
Tokyo, Japan) equipped with a multiple wavelength diode array
detector (DAD) and employing a C18 reversed-phase column
(Welch Ultimate XB-Cyg, 10 X 250 mm, 5 pm). Chiral high-
performance liquid chromatography (HPLC) was carried out
using a Shimadzu LC 16 instrument (Shimadzu Corporation,
Tokyo, Japan) with Chiralpak AD-H or OD-H columns (Daicel,
4.6 x 250 mmL, 5 pm). LC-MS was performed using an Acquity
UPLC H-Class coupled to an SQ Detector 2 mass spectrometer
using a BEH C;5 column (1.7 um, 2.1 x 50 mm, 1 mL min™")
(Waters Corporation). All solvents used in CC and HPLC were of
analytical grade and chromatographic grade (Shanghai Tian
Scientific Co., Ltd China). All cell lines were purchased from
Wuhan Procell Life Sciences Co., Ltd.

2.2. Fungal material
Dothideomycetes sp. BMC-101 (GenBank entry MZ773501) was

isolated from the Magnolia grandifiora L. leaves which were
collected from Bengbu Medical University (Bengbu, Anhui
Province, 32°57'3"N, 117°21'19"E) and identified based on
internal transcribed spacer (ITS) DNA sequencing.'®'® The
strain was deposited at the Anhui Engineering Technology
Research Center of Biochemical Pharmaceutical, Bengbu
Medical University, Bengbu, Anhui, China.

2.3. OSMAC study, fermentation, and extraction

Based on the OSMAC strategy, five different media, labeled as
Fungus 2* solid media (maltose 2%, mannitol 2%, glucose 1%,
sodium glutamate 1%, yeast extract 0.3%, corn syrup 0.1%,
KH,PO, 0.05%, and MgSO,-7H,O 0.03%, agar powder 2%,
deionized water), Fungus 1” solid media (sorbitol 2%, maltose
2%, sodium glutamate 1%, yeast extract 0.3%, MgSO,-7H,0
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0.03%, tryptophan 0.05%, KH,PO, 0.05%, agar powder 2%,
deionized water), Soy flour media (starch 2%, bean powder
1.5%, peptone 0.2%, yeast extract 0.2%, deionized water),
Fungus 2” solid media adding SAHA (dissolved in DMSO with
a final concentration of 400 nM) and Fungus 2 solid media
adding valproic acid (VPA) (dissolved in DMSO with a final
concentration of 400 nM) were utilized to culture the strain
Dothideomycetes sp. BMC-101 under static condition. HPLC
analysis of the extracts cultured in Fungus 2* solid media
adding SAHA displayed new major peaks with unusual UV
absorptions, suggested that SAHA could activate the silent gene
clusters and induced the production of new metabolites in
Dothideomycetes sp. BMC-101(Fig. S1).-As a classic histone
deacetylase (HDAC) inhibitor, SAHA has been widely reported to
effectively activate silent biosynthetic gene clusters and
promote the production of polyketide metabolites in endo-
phytic fungi.'»* Therefore, the Fungus 27 solid media adding
SAHA was selected as the optimal conditions for large-scale
fermentation. The fungus was cultured in 1L Erlenmeyer
flasks each containing 300 mL of Fungus 2” solid media adding
SAHA at room temperature for 30 days. The whole fermented
cultures (150 flasks) were crushed and then extracted three
times with a mixture of 80% methanol and water. The methanol
solution was evaporated under reduced pressure to afford an
aqueous solution, which was then extracted with EtOAc three
times. All EtOAc solutions were combined and concentrated
under reduced pressure to obtain an extract (35 g).

2.4. LC-MS/MS and molecular networking analysis

Four fractions obtained from crude extracts after separating by
a silica gel column chromatography were performed on an
UHPLC system (Ultimate 3000, Thermo Scientific) with a C18
column (ACQUITY UPLC BEH 1.7 um, 2.1 x 100 mm, Waters)
coupled to hybrid quadrupole-Orbitrap mass spectrometer
(QExactive, Thermo Scientific). The mobile phase consisted of
H,0 + 0.1% formic acid (A) and HPLC-grade methanol (B). The
gradient elution was maintained in 10% B for 1 min; from 10%
B to 100% B in 22 min; maintained in 100% B for 3 min and
then returned to initial conditions in 1 min; hold at 10% B for
3 min to re-equilibrate the column, totaling 30 min, with a flow
rate of 0.25 mL min~". The injection volume was 3 pL, during
the acquisition of positive polarity. The positive mode SI
conditions were spray voltage, + 3.5 kV; capillary temperature,
320 °C; probe heater temperature, 300 °C; sheath gas flow rate,
40 arbitrary unites; auxiliary gas flow rate, 8 arbitrary unites; an
S-Lens RF level, 50 eV. Scan range, m/z 70-1000; scan mode, full
MS (resolution 70 000) and MS/MS (resolution 17 500).

The MS/MS raw data were converted to .mzML format files by
using MS Convert software.”® The molecular network was per-
formed using the GNPS (https://gnps.ucsd.edu) data analysis
workflow and the spectral clustering algorithm.'?® The data
were filtered by removing all MS/MS fragment ions within +
17 Da of the precursor m/z. A mass tolerance for both the
precursor ion and the MS/MS fragment ion was set to 0.02 Da.
The minimum pairs' cosine score were set to 0.65. MS/MS
spectra were window filtered by choosing only the top 6
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fragment ions in the + 50 Da window throughout the spectrum.
The minimum cluster size was set to 1. The network TopK was
set to 10. MS/MS nodes with precursor ion abundance > 1 x 10*
and minimum MS/MS intensity of 500 were included. The
spectra network was visualized using Cytoscape 3.9.1 software.”
The molecular networking job can be found at the following
link: https://gnps.ucsd.edu/ProteoSAFe/status.jsp?
task=4e432a078a2e471087b891b94cc1a107.

2.5. Isolation and purifcation

The extract was fractionated on a Rp-C18 column using gradient
elution with MeOH-H,0 (10 : 90, 30 : 70, 50 : 50, 70 : 30, v/v), led
to the separation of four fractions (Frs. A-D). Fr. D was sepa-
rated by Si gel vacuum liquid chromatography (VLC) using
a stepped gradient elution of petroleum ether (PE)- ethyl acetate
(EA) (from 100:1 to 10:1) to yield five subfractions (Frs. D1-
D5). Fr. D3 was set to VLC with a PE-EA gradient (from 100: 1 to
1:20) to yield four subfractions (Frs. D3.1-D3.5). Fr. D3.2 was
purified by semipreparative HPLC (32% CH;CN-H,0, 3
mL min ) to give 3 (30 mg, t 18.4 min). Fr. D4 was purified by
Sephadex LH-20 (MeOH) to afford three subfractions (Frs. D4.1-
D4.3). Fr.D4.2 was further purified by semipreparative HPLC
(50% CH;CN-H,0, 3 mL min ), affording a racemic mixture of
compounds 1 (9 mg, ¢z 26.5 min). A part of the mixture was
further purified by chiral HPLC over a Daicel Chiralpak OD-H
column eluted with n-hexane and 2-propanol (90 : 10) to yield
enantiomeric pure isomers la (2.1 mg, ¢z 8.7 min) and 1b
(2.2 mg, tg 10.5 min). Fr.D4.1 was also subjected to semi-
preparative HPLC (50% CH3;CN-H,O, 3 mL min ') to give
a racemic mixture of 2 (20 mg, ¢z 25 min). A part of the mixture
was further purified by chiral HPLC over a Daicel Chiralpak AD-
H column eluted with n-hexane and 2-propanol (96 : 4) to yield
enantiomeric pure isomers 2a (2.1 mg, ¢z 16.7 min) and 2b
(2.2 mg, tr 18.3 min). Subsequently, Fr. D5 was separated using
an VLC with a PE-EA gradient (from 50:1 to 1: 1), followed by
semipreparative HPLC (78% CH;CN-H,0, 3 mL min ") to yield
4 (8.8 mg, tg 29.2 min).

2.5.1 (+)-Dothideomarin A (1). Colorless crystals (CH,Cl,-
MeOH = 1: 1); UV (MeOH) Apay (log €): 211 (4.10), 253 (3.60), 330
(3.40), nm; IR (KBI) vpmay: 3201, 1701, 1600, 1450, 1432, 1200,
1153, 1077, 800, 701 cm ™ *; "H and *C NMR data (DMSO-d,) see
Table 1; HRESIMS m/z 251.1283 [M + H]" (caled for C14H;40s,
251.1278).

2.5.2 (—)-Dothideomarin A (1a). [a]y’ = —30.9 (¢ 0.1,
MeOH), ECD (MeOH) Amax (Ac): 207 (+9.89), 234 (—2.88), 261
(+7.89), 290 (+0.06), 320 (+1.18) nm.

2.5.3 (+)-Dothideomarin A (1b). [«]3’ = +29.3 (c 0.1, MeOH),
ECD (MeOH) Aoy (Ae): 214 (—5.23), 233 (+1.91), 260 (—4.97), 287
(—0.34), 328 (—0.87) nm.

2.5.4 (+)-Dothideomarin B (2). Pale-yellow powder; UV
(MeOH) Amax (loge): 211 (4.34), 253 (3.90), 330 (3.70) nm; IR
(KBI) vmax: 3228, 2892, 1710, 1600, 1500,1450, 1210, 843,
803 cm'; 'H and *C NMR data (DMSO-dg) see Table 1; HRE-
SIMS m/z 249.1126 [M + H]" (cald for C,4,H;,0,4 249.1121).
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2.5.5 (—)-Dothideomarin B (2a). [a]y = —134.0 (c 0.1,
MeOH); ECD (MeOH) Apax (A¢): 230 (—0.84), 261 (+3.02), 293
(+0.08), 320 (+0.37) nm.

2.5.6 (+)-Dothideomarin B (2b). [a]}} = +123.8 (¢ 0.1,
MeOH); ECD (MeOH) Apax (A¢): 224 (+0.59), 235 (+0.94), 261
(—2.24), 295 (—0.33), 320 (—0.56) nm.

2.5.7 Dothideomarin C (3). Pale-yellow powder; [a]y =
+48.0 (c 0.1, MeOH); UV (MeOH) Ay (loge): 220 (4.11), 330
(3.48), nm; ECD (MeOH) Anqx (A¢): 223 (+1.87), 248 (—16.10), 293
(—0.90), 329 (—2.99) nm; IR (KBI) ¥pmay: 3392, 2989, 1700, 1600,
1450, 1432, 1201, 1151, 1078, 798, 700 cm ™ ; 'H and **C NMR
data (DMSO-d¢) see Table 1; HRESIMS m/z 279.0872 [M-H]"
(caled for C14H;506, 279.0874).

2.5.8 Dothideomarin D (4). Pale-yellow powder; []y =
+50.0 (¢ 0.1, MeOH); UV (MeOH) Ay (loge): 211 (4.54), 253
(4.11), 330 (3.90) nm; ECD (MeOH) Amax (A¢): 237 (+1.35), 260
(—8.93), 292 (—0.35), 328 (—0.62) nm; IR (KBr) vpax: 3408, 2902,
1730, 1600, 1450, 1207, 767, 701 cm ™ *; 'H and *C NMR data
(DMSO-d,) see Table 1; HRESIMS m/z 293.1383 [M + H]" (caled
for C16Hy105, 293.1384).

2.6. X-ray crystallographic analysis of (+)dothideomarin A
@

Single crystals of C;,H,30, were obtained in a mixed solution of
CH,Cl,-MeOH (1:1). A suitable crystal was selected and
analyzed on a Bruker APEX-II CCD diffractometer with Cu Ko
radiation (A = 1.54178 A). The crystal was kept at 303.00 K
during data collection. Using Olex2,?* the structure was solved
with the SHELXT structure solution program using Intrinsic
Phasing and refined with the SHELXL refinement package using
Least Squares minimization.”® Crystallographic data have been
deposited in the Cambridge Crystallographic Data Center with
the number CCDC 2443606.

Crystal data of (+)-dothideomarin A (1): monoclinic, space
group P2,/c (no. 14), a = 8.5056(3) A, b = 39.6740(13) A, ¢ =
7.9424(3) A, § = 94.882(2)°, V= 2670.45(16) A*, Z = 8, T = 303.00
K, u(CuKa) = 0.745 mm ™", Deye = 1.245 g cm ™2, 19 445 reflec-
tions measured (4.454° < 20 = 136.784°), 4745 unique (Rj,; =
0.0389, Rgigma = 0.0381) which were used in all calculations. The
final R; was 0.0674 (I > 20(I)) and wR, was 0.2007 (all data).

2.7. Computation section

Conformational searches were performed via molecular
mechanics using the MMFF (Merck Molecular Force Field)
method in Spartan'14 software.* To obtain the energy mini-
mized conformers, the resultant corresponding stable
conformers (rel. E < 5 kecal mol™") were collected and the
geometries were reoptimized at the B3LYP/6-31+G(d) PCM/
MeOH level by using the Gaussian 09 software.”® Then, the
optimized conformers of 1a (>5% population) were subjected to
the calculations of the ECD spectra using time-dependent DFT
(TD-DFT) at B3LYP/6-31G(d) PCM/MeOH. The ECD spectra were
generated using the program SpecDis*® by applying a Gaussian
band shape with a 0.25 eV width for 1a from dipole-length
rotational strengths.
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2.8. Cytotoxicity assay

The human glioblastoma cell line U87, mouse breast cancer cell
line 4T1, human lung adenocarcinoma epithelial cell line A549,
human pancreatic adenocarcinoma cell line SW1990 and
human colon carcinoma cell line HCT-116 were cultured in
Dulbecco’'s modified Eagle's medium (DMEM) containing 10%
fetal bovine serum (FBS) at 37 °C for 24 h in a 5% CO, incubator
at a density of 1 x 10* cells per well. Compounds were dissolved
in DMSO to prepare 10 mM solutions, then diluted with the
culture medium in the 96-well plates to achieve final concen-
trations of 100, 50, 20, 10, 5, 1, and 0.1 pM. After 24 h of incu-
bation, the Cell Counting Kit-8 (biosharp) reagent was added to
the medium and incubated for 2 h. Cell viability was measured
by absorbance at 450 nm using the Agilent Biotek epoch 2
microplate reader. The inhibitory rate of cell proliferation was
expressed as ICs, values. Cisplatin was used as a positive control
and cell solutions containing 0.5% DMSO served d as a negative
control.

2.9. Antibacterial activity

Antibacterial activities of compounds were evaluated against
Methicillin-resistant Staphylococcus aureus ATCC 43300 (MRSA),
Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC 6051,
and Acinetobacter baumannii AB34. Tetracycline was used as
a positive control. The detailed methodologies for biological
testing have been described in a previous report.***”

3 Results and disscussion

The fermentation broth and mycelia of Dothideomycetes sp.
BMC-101, cultured on Fungus 2* solid medium supplemented
with SAHA, were exhaustively extracted with EtOAc. The
resulting organic extract was fractionated by column chroma-
tography to yield four subfractions (Frs. A-D). To avoid the
repeated isolation of known constituents, these sub-fractions
were analyzed by LC-MS/MS, and the data were used to
construct an MS/MS-based molecular network (MN) on the
Global Natural Products Social Molecular Networking (GNPS)

miz 325 [M+CH,OH+H]"

O OH O

Il
HO ‘\ 0 OH
NN

m/z 322 [M+CH,CN+H]*

/ “\O OH
@ m
3
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platform (https://gnps.ucsd.edu; Fig. 1). Interestingly, the GNPS
analysis revealed an uncharacterized cluster of 9 nodes (with m/
z values between 229 and 325) in Fraction D displayed distinct
UV profiles (Amax ~ 220, 330 nm or 211, 253, 330 nm), which
differed clearly from those of the previously reported
dothideomins (Amax ~ 207, 248, 311, 380 nm) isolated from
the same strain.'® Moreover, there were no references in the
GNPS spectral libraries that matched with this molecular
family, suggesting that these compounds may be new
compounds.

Compound 1 was obtained as colorless crystals. Its molec-
ular formula was established as C;,H;30, on the basis of the
HRESIMS data at m/z 251.1283 [M + H]" (calcd for C;4H;504,
251.1278), indicating 6 degrees of unsaturation. The 'H NMR
spectroscopic data of 1 revealed the presence of a chelated
hydroxyl group (63 11.15, 8-OH), an aromatic proton (dy 7.24, H-
6), two oxygenated methine protons (6y 4.72 and 3.87, H-3 and
H-2'), two methylene protons (0y 2.95 and 2.69, H,-4; 6y 1.80
and 1.62, H,-1'), and three methyl groups (0y 2.11, 5-CHj; 0y
2.11,7-CHg; 6y 1.10, H3-3'). Inspection of the *C NMR spectrum
exhibited 14 carbon signals for three methyls, two methylenes,
two sp® and one sp® methines, and six quaternary carbons.
Detailed analysis of the 'H and '*C NMR data (Table 1) sug-
gested that 1 belongs to the isocoumarin family. The HMBC
correlations from aromatic proton H-6 to C-4a, C-8, and 5-CHj,
from the chelated hydroxyl group 8-OH to C-7 and C-8a, from 7-
CHj; to C-6 and C-7, from the oxygenated methine proton H-3 to
C-1 and C-4a, and from the methylene protons H,-4 to C-5 and
C-8a further established the isocoumarin core as identical to
that of the known compound 3R-(2R-hydroxypropyl)-8-hydroxyl-
7-methyl-3,4-dihydroisocoumarine®*(Fig. 2). A notable struc-
tural difference was the replacement of the aromatic proton H-5
in the known compound with a methyl group in 1 which was
supported by the HMBC correlations from 5-CH; to C-5 and C-
4a. Furthermore, the COSY correlations of H,-4/H-3/H,-1'/H-2//
H;-3' indicated the presence of a 2-hydroxypropyl side chain at
C-3, consistent with the HMBC correlation from H,-1' to C-4
(Fig. 3). Thus, the planar structure of compound 1 was deter-
mined as shown.

@ Fraction A
@ Fraction B
@ Fraction C
@ Fraction D

Fig. 1 Partial molecular network of metabolites from extracts of Dothideomycetes sp. BMC-101 and visualized with cytoscape 3.9.1 software.
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Fig. 3 Key HMBC, COSY, correlations of compounds 1-4.

The NOESY spectrum of 1 showed cross-peaks between H-3
and H-2/, indicating their spatial proximity on the same face
of the molecule (Fig. 4). Fortunately, suitable crystals for X-ray

OH O

OH O

diffraction were obtained, and a single-crystal X-ray crystallog-
raphy (Cu Ko radiation) confirmed the planar structure and
relative configuration of 1 (Fig. 5). Based on the crystal structure
(CCDC: 2443606, Cu Ka), 1 was proposed to be a racemic
mixture. Subsequent chiral HPLC separation using a Daicel
Chiralpak OD-H column yielded a pair of enantiomers, 1a and
1b, in an approximate ratio of 1:2 (Fig. S2). The absolute
configurations of 1a and 1b were determined by time-
dependent density functional theory (TDDFT) ECD calcula-
tions. The MMFF-generated conformers of the proposed 3R, 2'S-
configuration (1a) were reoptimized at the B3LYP/6-31G(d) level
with the PCM/MeOH solvent model. Four conformers
accounting for >5% Boltzmann population were obtained
(Fig. S3). The calculated ECD spectrum for 3R, 2'S-1 (1a)
matched well with the experimental ECD spectrum of 1a, while
the calculated spectrum for the enantiomer 3S, 2'R-1
corresponded closely to that of 1b (Fig. 6). Combining the
single-crystal X-ray diffraction result with the agreement
between calculated and experimental ECD spectra, the absolute

Fig. 4 Key NOESY correlations of compounds 1, 3 and 4.

© 2026 The Author(s). Published by the Royal Society of Chemistry

RSC Adv, 2026, 16, 29240-29248 | 29245


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ra02544g

Open Access Article. Published on 29 May 2026. Downloaded on 6/3/2026 7:16:53 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

la
Fig. 5 Single-crystal X-ray structure of 1 (CDCC: 2443606).

configurations were assigned as 3R, 2'S for 1a and 38, 2'R for
1b. Accordingly, compound 1 was identified as (+)-dothideo-
marin A.

Compound 2 was obtained as a white powder, having the
molecular formula C;,;H;,0, based on the HRESIMS at m/z
249.1126 [M + H]" (cald for C,,H;,0, 249.1121). The 'H NMR
data revealed the presence of protons for one chelated phenolic
hydroxyl, one aromatic, one oxygenated methine, two methy-
lenes and three methyls. Comparison of the "*C NMR data of 2
with those of 1 indicated that both compounds share the same
core scaffold, with the key difference being the oxidation of the
2/-OH group in 1 to a carbonyl in 2 (6¢ 204.4 vs. d¢ 62.3 in 1).
This structural assignment was further supported by the HMBC
correlations from H;-3' to C-1’ and C-2' and from H-3 to C-2/
(Table 1 and Fig. 3). Despite the existence of a stereocenter at C-
3 in the molecule, compound 2 was obtained as an optically
inactive substance, suggesting it was also a racemic mixture.
Subsequently, Chiral HPLC separation using a Daicel Chiralpak
AD-H column afforded a pair of enantiomers, 2a and 2b, in an
approximate 1:1 ratio (Fig. S2). Their enantiomeric relation-
ship was confirmed by their opposite specific rotations
([a]5 —134.0 for 2a and +123.8 for 2b) and mirror-image ECD
spectrum. Finally, the absolute configurations of each enan-
tiomer were determined as 3R for (—)-2a and 3S for (+)-2b, by

— Exp. ECD of 1a
----- Cald. ECD of (3R, 2'S)1
— Exp. ECD of 1b

Cald. ECD of (3S, 2'R)1

15

10 H

Ag (M cm)

-15

20 1 L L 1 1 L L
200 225 250 275 300 325 350 375 400

Wavelength (nm)
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comparing their experimental ECD spectra with those of (—)-1a
and (+)-1b, respectively (Fig. 6).

Compound 3 was isolated as a white powder. The molecular
formula was determined to be C;,H;,04 by the negative HRE-
SIMS ion at m/z 279.0872 [M-H]" (caled for C;,H;506, 279.0874),
indicated seven degrees of unsaturation. Comparison of the "H
and *C NMR data (Table 1) with those of 1 showed the presence
of the same isocoumarin framework, except for one of the
methyl group (7-CHj;) in 1 being replaced by a carboxyl group in
3. This modification was supported by the HMBC correlation
from H-6 to 7-COOH, as well as the characteristic chemical shift
of 7-COOH (6c 168.9) (Table 1 and Fig. 3). Accordingly, the
planar structure of 3 was elucidated as depicted. Inspired by the
specific rotation value of [«]’ +48.0 (¢ 0.1, MeOH) together with
chiral HPLC analysis, 3 was considered to be a single enan-
tiomer, distinct from the racemic mixtures 1 and 2. The NOESY
correlation between H-3 and H-2’ and the similarity of its ECD
spectrum to that of 1b allowed the absolute configuration of 3 to
be assigned as 3S, 2'R (Fig. 4 and 6).

Compound 4 was obtained as a white powder and exhibited
optical activity with a specific rotation of [a]F’ +50.0 (¢ 0.1,
MeOH). The molecular formula of 4 was deduced as C;6H,¢05
by the HRESIMS ion at m/z 293.1383 [M + H]' (caled for
C16H,10s5, 293.1384). Analysis of the '"H and >C NMR data of 4
indicated a structure highly similar to that of 1, with the key
difference being the replacement of the hydroxyl group at C-2’
in 1 by an acetoxyl moiety in 4 (6¢ 170.6, 2’-OCOCHj3; 6y 1.98, 2/
OCOCHg;; ¢ 21.5, 2/-OCOCHj3). The above assignment was
corroborated by the HMBC correlations (Table 1 and Fig. 3).
Therefore, the planar structure of 4 was established. The NOESY
correlation between H-3 and H-2' suggested their spatial prox-
imity, consistent with the relative configuration observed in 3.
Based on biosynthetic considerations and a comparison of its
experimental ECD spectrum with those of 1a and 1b, the
absolute configuration of 4 was assigned as 38, 2'R (Fig. 6).

The new compounds (1-4) were evaluated for cytotoxic
activities against five human cancer cell lines (U87: human
astrocytic glioblastoma cells; 4T1: Mouse Breast Cancer Cells;
A549: human lung adenocarcinoma cells; SW1990: human
pancreatic cancer cells; HCT-116: Human colon cancer cells)

— Exp. ECD of 1a
----- Cald. ECD of (3R, 2'S)-1
—— Exp. ECD of 1b

Cald. ECD of (3S, 2'R)-1

20 . L . . . . .
200 225 250 275 300 325 350 375 400

Wavelength (nm)

Fig.6 ECD spectra of 1-4. (left) Experimental and calculated ECD spectra of 1la and 1b. (right) experimental ECD spectra of 1a, 1b, 2a, 2b, 3and 4.
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Table 2 Cytotoxic effects of compounds 1-4 against five cancer cell
lines

IC50 (1M)

Compound us7 4T1 A549 SW1990 HCT-116
la 34.1 >50.0 48.1 47.4 31.9

1b >50.0 >50.0 >50.0 >50.0 >50.0

2a >50.0 >50.0 >50.0 35.1 >50.0

2b >50.0 >50.0 >50.0 >50.0 >50.0

3 >50.0 >50.0 >50.0 >50.0 >50.0

4 >50.0 >50.0 >50.0 >50.0 >50.0
Cisplatin 7.5 >50.0 24.5 15.9 40.4

using CCK8 methods with cisplatin as a positive control. Only
compounds l1a and 2a showed moderate cytotoxic activity
against at least one of the above cells with IC;, values ranging
from 31.9 to 48.1 uM (Table 2), suggesting that the 3R config-
uration was advantageous to 3S for cytotoxicity. In addition,
acetylation of the 2'-OH (4) resulted in inactivity, indicating that
a free 2’-OH may be essential for the activity.

Compounds 1-4 were also tested for antibacterial activities
toward seven indicated strains, including Methicillin-resistant
Staphylococcus aureus ATCC 43300 (MRSA), Staphylococcus
aureus ATCC 29213, Bacillus subtilis ATCC 6051 and Acineto-
bacter baumannii AB34. However, none of the tested iso-
coumarins showed detectable antibacterial activity against
these strains, indicating that compounds discovered in this
study may lack the key pharmacophore features necessary for
antibacterial activity. For example, exserolides F,* which
possesses a hydroxyl substitution at C-5, exhibits inhibitory
effects against Staphylococcus aureus and Escherichia coli, with
the minimum MIC value as low as 0.16 pg mL™'. In contrast, the
compounds in this study bear a methyl substitution at C-5
instead of a hydroxyl group, and this structural difference may
be an important reason for their loss of antibacterial activity.

4 Conclusions

In conclusion, isocoumarins are a class of natural lactones
widely distributed in microorganisms and plants.*®** Their
characteristic benzopyrone skeleton, often substituted with
hydroxy and methoxy groups, confers a broad spectrum of
biological activities—including antibacterial, anti-
inflammatory, antioxidant, and cytotoxic properties—making
them promising scaffolds for pharmaceutical development.®**?
In this study, four new isocoumarins were isolated and identi-
fied from the endophytic fungus Dothideomycetes sp. BMC-101
by integrating the OSMAC strategy with GNPS-guided molec-
ular networking. The results demonstrated that the addition of
the histone deacetylase inhibitor SAHA to Fungus 2* solid
medium significantly altered the secondary metabolic profile of
the fungus. Epigenetic regulation triggered by SAHA effectively
activated its latent metabolic potential, significantly enriching
the chemical diversity of metabolites and promoting the
production of new compounds derived from distinct metabolic

© 2026 The Author(s). Published by the Royal Society of Chemistry
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routes. Notably, the activation was specific to SAHA, as another
HDAC inhibitor (VPA) with lower potency did not induce similar
changes, suggesting that a threshold level of HDAC inhibition is
required to unlock cryptic biosynthetic gene clusters (BGCs).
The newly identified isocoumarins (1-4) are therefore likely
products of a silent BGC derepressed by SAHA-mediated
epigenetic modulation. Future studies including RT-qPCR
analysis of key BGC genes would be employed to confirm their
transcriptional upregulation upon SAHA treatment. In bioac-
tivity evaluations, compounds 1a and 2a exhibited moderate
cytotoxic activities with ICs, values ranging from 31.9 to 48.1 uM
while their enantiomers (1b and 2b) were inactive. This study
not only enriches the structural diversity of natural iso-
coumarins, but also validates the high efficiency of combining
epigenetic induction with molecular networking in exploring
cryptic metabolites from fungi. In addition, this finding
underscores the importance of absolute configuration for bio-
logical activity and suggests that the 3R configuration may be
a critical pharmacophore for further optimization. Such
enantioselective activity is rarely documented for isocoumarins
and provides a valuable lead for structure-activity relationship
studies.
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