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Recent advances in the discovery, biosynthesis, and
therapeutic potential of isocoumarins derived from
fungi: a comprehensive updatef

{ '.) Check for updates ‘

Mohamed A. Tammam, &2 Mariam I. Gamal El-Din, ©° Amira Abood @ <¢
and Amr El-Demerdash @ *ef

Microorganisms still remain the main hotspots in the global drug discovery avenue. In particular, fungi are
highly prolific producers of vast structurally diverse specialized secondary metabolites, which have
displayed a myriad of biomedical potentials. Intriguingly, isocoumarins is one distinctive class of fungal
natural products polyketides, which demonstrated numerous remarkable biological and pharmacological
activities. This review article provides a comprehensive state-of-the-art over the period 2000-2022
about the discovery, isolation, classifications, and therapeutic potentials of isocoumarins exclusively

Open Access Article. Published on 10 mars 2023. Downloaded on 22.04.2026 03.39.20.

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

(cc)

“Department of Biochemistry, Faculty of Agriculture, Fayoum University, Fayoum,
63514, Egypt

*Department of Pharmacognosy, Faculty of Pharmacy, Ain-Shams University, Cairo,
11566, Egypt

‘Chemistry of Natural and Microbial Products Department, National Research
Center, Dokki, Cairo, Egypt

School of Bioscience, University of Kent, Canterbury, UK

Dr Mohamed Tammam pursued
his BSc degree in soil and water
science in 2008 (Excellent with
honors) at Fayoum University,
Egypt, where he also received his
MSc degree in biochemistry &
chemistry of natural products in
2013. Later, he received his PhD
degree in Pharmacy (Excellent)
from the National and Kapodis-
trian  University of Athens
(NKUA), focused on the isolation
and structure elucidation of
secondary metabolites from marine organisms of the Red Sea
under the joint mentorship of Prof. Vassilios Roussis and Prof.
Efstathia Ioannou in 2020. After completing his PhD in Greece, he
was promoted to an assistant professorship at the Biochemistry
Department, Faculty of Agriculture Fayoum University, Egypt.
Subsequently, since May 2021 to date, he is conducting his first
postdoctoral research focusing on the isolation and structure
elucidation of secondary metabolites from marine organisms at the
Section of Pharmacognosy and Chemistry of Natural Products,
Department of Pharmacy, School of Health Sciences, (NKUA) with
Prof. Vassilios Roussis and Prof. Efstathia Ioannou. His research
interests cover bioactive natural products from marine macro and
microorganisms.

© 2023 The Author(s). Published by the Royal Society of Chemistry

‘Organic Chemistry Division, Department of Chemistry, Faculty of Sciences,
Mansoura University, Mansoura, 35516, Egypt. E-mail: a_eldemerdash83@mans.
edu.eg

‘Department of Biochemistry and Metabolism, John Innes Centre, Norwich Research
Park, Norwich, NR4 7UH, UK. E-mail: Amr.El-Demerdash@jic.ac.uk

information (ESI) available. See DOI:

T Electronic  supplementary

https://doi.org/10.1039/d2ra08245d

Dr Mariam 1 Gamal EI-Din
holds a BSc in Pharmaceutical
Sciences (excellent with honors)
from the Faculty of Pharmacy,
Ain Shams University, Cairo,
Egypt (July 2008). She was
awarded her MSc degree (August
2013) and her PhD degree
(February 2021) in Pharmaceu-
tical Sciences at the Department
of Pharmacognosy and Phyto-
chemistry, Faculty of Pharmacy,
Ain Shams University, Cairo,
Egypt. She is currently an assistant professor and postdoctoral
researcher at the Department of Pharmacognosy and Phytochem-
istry, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt.
Her ongoing research focuses on the field of drug discovery from
natural sources, medicinal chemistry, and plant metabolomics.

RSC Adv, 2023, 13, 8049-8089 | 8049


CrossMark:http://crossmark.crossref.org/dialog/?doi=10.1039/d2ra08245d&domain=pdf&date_stamp=2023-03-10
http://orcid.org/0000-0001-9314-2697
http://orcid.org/0000-0001-6377-1775
http://orcid.org/0000-0003-0712-9889
http://orcid.org/0000-0001-6459-2955
https://doi.org/10.1039/d2ra08245d
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra08245d
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA013012

Open Access Article. Published on 10 mars 2023. Downloaded on 22.04.2026 03.39.20.

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

(cc)

RSC Advances

View Article Online

Review

reported from fungi. Indeed, a comprehensive list of 351 structurally diverse isocoumarins were
documented and classified according to their fungal sources [16 order/28 family/55 general where they

have been originally discovered along with their reported pharmacological activities wherever applicable.

Also, recent insights around their proposed and experimentally proven biosynthetic pathways are also

briefly discussed.

1. Introduction

Natural products have long been recognized as a crucial mine
for drug discovery. Indeed, they have been traditionally used for
centuries for their biological significance that have been
extended through a wide era of therapeutic fields including
inflammatory disorders, cancer immunodeficiency, infectious,
hepatic, cardiovascular, renal, and skin diseases."* Besides,
natural products are always a preferable source of bioactive
drugs on account of their safety profile associated with their
therapeutic potency compared to conventional synthetic
drugs.>* Terrestrial plants, despite being a rich source of
secondary metabolites and a major fundamental for traditional
folk medicine for thousands of years, their overuse made them
susceptible to overharvesting, depletion, and extinction of many
rare species of high medicinal value.®* Hence, microorganisms,
especially fungi, have recently received remarkably growing
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attention for discovering an enormous scaffold of natural
products of indispensable medicinal values.®” Fungi constitute
a broadly diverse class of eukaryotes, which inhabit a wide
range of ecosystems including soil, air, and water, in addition to
the fungal endophytes that dwell within their hosts of terrestrial
and marine habitats.*® They are recognized as an abundant
reservoir of bioactive metabolites that have demonstrated
stunning therapeutic potentials for both human and
animals.”*® Dating back to 1929, Alexander Fleming explored
the antibacterial activity of the mould Penicillium rubens,
naming it Penicillin, which was the first of a series of antimi-
crobial agents isolated from fungi, marking the emergence of
the golden era of antibiotics discovery.'* In addition, further B-
lactam antibiotics were discovered from different fungi, causing
substantial changes in the global health and the world phar-
maceutical industry.'»** Moreover, various fungal metabolites
were identified and approved as commercial drugs with
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Scheme 1 The isocoumarin core and representative isolated derivatives.

different biological activities, including the immunosuppres-
sant cyclosporine, statins, the inhibitors of cholesterol
synthesis, the antifungal, Griseofulvin, and kojic acid, the
tyrosinase inhibitor, in addition to chemotherapeutic agents,
such as, vincristine, paclitaxel, and camptothecin.’*"*
Secondary metabolites isolated and identified from fungi are
sorted to different chemical classes including peptides,
steroids, quinones, terpenes, alkaloids, and isocoumarins.****#
Isocoumarins constitute a distinguished class of secondary
metabolites widely abundant in fungi, bacteria, and terrestrial
plants. Chemically, as their name implies, isocoumarins are
characterized by their inverted a-pyrone lactone nucleus, with
substituted or unsubstituted 3-phenyl ring attached on the
lactone ring, usually demonstrating 3-alkyl substitution (C1-
C7), and possible oxygenation at 6 and 8 positions (Scheme
1).'*?° Their variant chemical substitution patterns account for
their great chemical diversity that influence their wide array of
biological and pharmacological activities. Isocoumarins were
reported to possess antimicrobial, antifungal, insecticidal,
antioxidant, anticancer, anti-inflammatory, and antidiabetic
activities.”** Besides, isocoumarins constitute key intermedi-
ates in the synthesis of important heterocyclic compounds, viz.,
isochromenes, isoquinolines, and isocarbostyrils.>® Conse-
quently, isocoumarins have recently gained great attention in
the medicinal, synthetic, and drug discovery research fields.
Various captivating reviews addressed natural isocoumarins,
namely, the reviews by Saeed A., et al., which focused on the
chemical structural diversity among isocoumarins and their
associated pharmacological activities reported before 2016.77**
Besides, Saddiqa et al. reviewed the isolated isocoumarins from
natural sources before 2017 with highlights on their bioactiv-
ities and chemical synthesis.” Noor et al reported the

© 2023 The Author(s). Published by the Royal Society of Chemistry

isocoumarins isolated from endophytic fungi between 2019-
2020 stressing on their chemistry, biosynthesis, and their
pharmacological activities.®® Meanwhile, the recent review by
Shabir et al., reported the natural isocoumarins isolated in the
period of 2016-2020, focusing on their chemistry and their
bioactivities.* As a part of our ongoing research on biologically
active natural products**=** and with emphasis on pharmaco-
logically active fungal natural products (FNPs),*'***7 herein,
we comprehensively present an up-to-date literature review for
the period 2000-2022 on the chemical diversity and biological
activities reported for isocoumarins isolated exclusively from
different fungal strains. Indeed, the review systematically
documents the distribution of a list of 351 isocoumarins among
the various fungal genera, their chemical diversities along with
their therapeutic potentialities. Furthermore, insights into their
biogenesis are briefly discussed.

2. General biosynthetic pathway of
fungal isocoumarin

The chemistry of isocoumarin has been extensively studied
since the 1950 or before, as reported by Barry.*® Isocoumarin is
a well-known polyketide that had been biosynthesized by the
polyketide synthase (PKS) pathway.*>*® The biosynthetic
pathway of isocoumarin derivates had been studied by Birch's
group.*>* Their study investigated the biosynthesis of canescin
from Penicillium canescens using stable isotopes (**C labelled)
and NMR spectroscopy to determine the sites of incorporation.
They pointed out that the isocoumarin portion of the canescin
generated through the acetate/malonate
pathway.*»** Indeed, Birch et al., discovered that canescin's C-

molecule was
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Fig. 1 (A) Domain architecture of various PKS producing isocoumarin derivatives; KS (B-ketoacyl sythase), AT (acetyltransferase), ACP (acyl
carrier protein), and CLC (claisen-type cyclase). (B) Biosynthesis of citreoisocoumarin and bikisocoumarin through different PKS architecture
domains. (C) Successful heterologous expression of three isocoumarin derivatives by non-reducing polyketide synthase (NR-PKS) in Aspergillus
nidulans as a host. (D) Proposed biosynthetic pathway of FMN.
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10 and C-14 were generated from methionine. Further study by
Lewis's group confirmed canescin biosynthesis using the
feeding experiment of [*>C,2H;] methionine that was adminis-
tered to Aspergillus malignus using batch-wise method over 5
days of incubation.”® Advances in bioinformatic analysis,
genetic transformation experiments, and the progress in
genome sequencing revealed that isocoumarins in Fusarium
graminearum had been synthesized by polyketide synthase 12
(PKS12), a transcription factor (aurR1), and several tailoring
enzymes.***” This type of PKS domain architecture consists of
a B-ketoacyl synthase (KS), an acetyltransferase (AT), an acyl
carrier protein (ACP), and a claisen-type cyclase (CLC), as shown
in Fig. 1A. The biosynthetic pathway could be considered as
a unified gate to generate different natural compounds by the
modification of the PKS domain architecture. Enzymatically,
the biosynthetic cascade begins with the condensation of one
acetyl-coenzyme A (CoA) molecule and six malonyl-CoA mole-
cules, which is mediated by PKS12 with the active CLC domain
to furnish the naphthopyrone YWA1.** However, the absence of
the CLC domain tragically led to the biosynthesis of cit-
reoisocoumarin.*»*® This demonstrates that similar PKS
domain architectures in different species can lead to the
biosynthesis of various polyketide derivatives.” In addition,
bikisocoumarin is another type of isocoumarin that bio-
synthesized by similar PKS named bIK** which shared a similar
architecture domain to previously mentioned PKS12. Nine
malonyl-CoA molecules were employed to form pre-bikaverin
with the presence of active CLC domain®** (Fig. 1B) while
bikisocoumarin was only obtained with the deletion of CLC
domain. Furthermore, Ma et al., 2008>* was able to produce
bikisocoumarin by heterologous expression in E. coli of
a mutated bIK gene. Moreover, a successful heterologous
expression insights has been done to elucidate the biosynthesis
of some isocoumarins. Three isocoumarins derivatives (I-III)
were accumulated as a result of the expression of the non-
reducing polyketide synthase (NR-PKS) gene from Penicillium
crustosum in Aspergillus nidulans. The domain architecture of
this isocoumarin synthase consists of the SAT-KS-AT-PT-ACP-
ACP-TE domain. Meanwhile, Xiang et al., in 2020 elucidated
the structure of the three generated isocoumarins by 'H-NMR
analysis.** They concluded that compounds II-III are modifi-
cation products obtained by endogenous host enzymes during
the heterologous expression (Fig. 1C).

In addition, fusamarins (FMN) is another type of dihy-
droisocoumarins, which is isolated from the plant-pathogenic
fungus Fusarium mangiferae. Although it was reported 50 years
ago, the biosynthetic pathway has not been revealed yet. Indeed,
Atanasoff-Kardjalieff et al.,>® managed to investigate the gene
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Fig. 2 Chemical structure of 1-2.
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cluster involved in fusamarins biosynthesis. They showed that
the FmPKS8 biosynthetic gene cluster (FMN BGC) leads the
biosynthesis, which is composed of FmPKS8 (FmFMN1), fol-
lowed by FmFMN2, FmFMN3, and FmFMN4. Interestingly,
PKS8 exhibits the characteristic domains of a highly reducing
(HR)-PKS containing a dehydratase (DH), intrinsic S-adenosyl-
methionine (SAM)-dependent methyltransferase (CMet), and
keto reductase (KR) domain. They observed that the C-Met
domain is not functional in the FMN BGC as the isolated
metabolites were not C-methylated; it is conventional for HR-
PKS to have the inactive CMet domain.*® On the other hand,
FmFmn3 possesses a peptidase domain with o/ hydrolase fold,
FmFmn2 has an ER domain, as well as domains with putative
alcohol dehydrogenase activity (ADH). The isolated FMN's
structural characteristics imply that two different carbon chains
are fused during their production. It was hypothesized that
(FmFMN1) produces two distinct polyketides, a tetra and
a pentaketide, with changing numbers of double bonds
dependent on the selective activities of the trans-acting ER
FmFmn2 as only one PKS is expressed inside the FMN BGC

(Fig. 2).

3. Chemistry and pharmacological
potentials of isocoumarins isolated
from fungi

3.1. Fungi of the order Agaricales

3.1.1. Fungi of the family Omphalotaceae

3.1.1.1. Genus Gymnopus (Marasmiaceae). Two chlorinated
isocoumarin derivatives previously unreported, namely, gym-
nopalynes A (1) and B (2) (Fig. 2), were obtained from the fungus
Gymnopus sp., isolated from the basidiomycete collected from
the rain forest of Thailand. Compounds 1-2 were tested for
their antimicrobial activity by assessing their MIC against
several bacterial and fungal strains (oxytetracycline hydrochlo-
ride, gentamicin, and nystatin were used as positive controls),
which exhibited weak to moderate activity against some of the
examined strains. In addition, compounds 1-2 showed cyto-
toxic effect toward the mouse fibroblast cell line L-929 with ICs,
values of 3.7 and 14.0 uM, respectively.?”

3.2. Fungi of the order Botryosphaeriales

3.2.1. Fungi of the family Botryosphaeriaceae

3.2.1.1. Fungi of the genus Botryosphaeria. The chemical
examination of the EtOAc extract of the marine-derived fungus
Botryosphaeria sp. KcF6 isolated from the fruit of the mangrove
K. candel, collected from the bay of Daya, China, led to the
isolation of the previously unreported 3S-5,8-dihydroxy-3-
hydroxymethyldihydroisocoumarin (3) as well as other four
previously reported isocoumarin derivatives, namely, mono-
cerin (4), 3-methyl-6,8-dihydroxyisocoumarin (5), 8-methox-
ymellein (6), and trans-4-hydroxymellein (7) (Fig. 3). Though
none of the isolated compound showed any cytotoxic effect
against the studied cancer cell lines (K562, MCF-7, A549, U937,
HeLa, DU145, HL60, BGC823, MOLT-4, and H1975), compound
3 showed antiinflammation properties through the inhibition
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Fig. 3 Chemical structures of 3-11.

of COX-2 activities with IC5, = 6.51 uM.*® Other four previously
unreported isocoumarin derivatives, namely, botryospyrones
A-D (8-11) (Fig. 3), were obtained from the EtOAc extract of the
marine endophytic fungus Botryosphaeria ramosa 129 isolated
from the leaf of Myoporum bontioides, collected from the
mangrove of Leizhou Peninsula, China. The antifungal prop-
erties of compounds 8-10 against three phytopathogenic fungi,
i.e., Fusarium oxysporum, Penicillium italicum, and Fusarium
graminearum, were tested (triadimefon was used as the positive
control). They showed antifungal activity ranging from weak to
strong with MIC values ranging from 900 to 105.8 pM, except for
compound 9, which showed no activity toward Penicillium ita-
licum with MIC value >900.0 pM. Also, it is worth mentioning
that compound 11 was not examined as it was obtained in a very
minute amount.”

3.3. Fungi of the order Cladosporiales

3.3.1. Fungi of the family Cladosporiaceae
3.3.1.1. Fungi of the genus Cladosporium. Chemical investi-
gation of the marine sponge-derived fungus Cladosporium sp.

OH O
O OH

HO N0
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Fig. 4 Chemical structure of 12.
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SCSI041007 isolated from the sponge Callyspongia sp.,

collected from the sea near to the province of Guangdong,
China, led to the isolation of the previously unreported dihy-
droisocoumarin derivatives, namely, (3R)-3-(2-hydroxypropyl)-
6,8-dihydroxy-3,4-dihydroisocoumarin (12) (Fig. 4). It is worth
mentioning that compound 12 was not assessed for any bio-
logical activity.®

3.4. Fungi of the order Chaetothyriales

3.4.1. Fungi of the family Herpotrichiellaceae

3.4.1.1. Fungi of the genus Exophiala. The previously unre-
ported exophiarin (13) (Fig. 5) was isolated from the EtOAc
extract of the soil derived fungus Exophiala sp. obtained from
a dumped organic waste collected from Kaziranga, Assam.
Compound 13 exhibited moderate activity in the glucose uptake

H
HE>
OH
o'k °
0
0
HO =
13

Fig. 5 Chemical structure of 13.
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activity when tested in vitro, using Rosiglitazone as a positive
control.”

3.5. Fungi of the order Diaporthales

3.5.1. Fungi of the family Diaporthaceae

3.5.1.1. Fungi of the genus Diaporthe. (—)3,4-Dihydro-8-
hydroxy-3,5-dimethyl-isocoumarin (14) (Fig. 6), also known as
(—=)5-methylmellein, a previously reported phytotoxic iso-
coumarin derivative, was isolated from the EtOAc extract of the
pathogenic fungus Diaporthe eres obtained from Hedera helix
infected leaf collected from Oxford, Mississippi. Compound 14
was examined for its phytotoxicity against Agrostis stolonifera
(bentgrass) and Lactuca sativa (lettuce), and it was found to be
more phytotoxic toward bentgrass than lettuce with IC5, ~100
uM. It is worth mentioning that compound 14 is well known to
be more active on monocots than dicots.®* A previously unre-
ported dihydroisocoumarin derivative Diaporone A (15) (Fig. 6)
was obtained from the EtOAc extract of the endophytic fungus
Diaporthe sp., isolated from Pteroceltis tatarinowii Maxim
collected from Nanjing, China. Compound 15 was examined for
its antimicrobial activity against several bacterial strains
including B. subtilis (ATCC 6633), Staphylococcus aureus
(CGMCC 1.2465), Streptococcus pneumoniae (CGMCC 1.1692),
Escherichia coli (CGMCC 1.2340), and the fungal strains
Saccharomyces cerevisiae (ATCC 18824) and Candida albicans
(CGMCC 2.2086) using gentamycin as a positive control,
showing a moderate antibacterial activity toward B. subtilis with
an MIC value of 66.7 uM. In addition, compound 15 was tested
for its cytotoxic activity against a panel of human cancer cell
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o
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Fig. 7 Chemical structures of 16-21.
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lines including human glioma cell lines (SH-SY5Y), cervical
epithelial cells (HeLa), human colon cancer cells (HCT116),
human hepatocellular carcinoma cells (HepG2), human lung
cancer cells (A549), and human breast cancer cells (MCF7). It
was found to be a weak cytotoxic agent against HeLa cell lines
with IC5y = 97.4 uM.*®

3.5.2. Family of the family Valsaceae

3.5.2.1. Fungi of the genus Phomopsis. The chemical exami-
nation of the EtOAc extract of the endophytic fungus Phomopsis
prunorum isolated from the leaves of Hypericum ascyron,
collected in Hubei, China, led to the isolation of two previously
unreported isocoumarins, namely, phomoisocoumarins C-D
(16-17) (Fig. 7). Compounds 16-17 were tested for their anti-
bacterial activity toward a list of plant pathogenic bacterial
strains including Pseudomonas syringae pv. Lachrymans, Xan-
thomonas citri pv. phaseoli var. fuscans, and the pathogenic
bacteria E. coli, as well as the marine-derived bacteria Vibrio
parahaemolyticus and Vibrio anguillarum using microplate assay
and streptomycin as the positive control. They exhibited weak to
moderate inhibition effect against P. syringae pv. Lachrymans
with MIC values of 31.2 and 15.6 ug mL™?, respectively, and
toward X. citri pv. phaseoli var. fuscans with MIC value of 31.2 pg
mL~ "% Chemical investigations of the organic extract of the
endophytic fungus Phomopsis prunorum (F4-3) obtained from
Hypericum ascyron leaves collected in Hubei, China, led to the
isolation of three pairs of enantiomeric isocoumarin deriva-
tives, including the previously unreported (+)-prunomarin A
(18), (+)-pestalactone B (19) along with its known enantiomer
(—)-pestalactone B (20), together with the known enantiomers
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Fig. 8 Chemical structures of 22-24.

pestalactone C (+)-(21) and oxoisochromane (—)-(21) (Fig. 7).
Only compound 18 exhibited anti-inflammatory activity by the
inhibition of nitric oxide (NO) production in the lipopolysac-
charide (LPS)-stimulated mouse macrophage RAW 264.7 with
ICs5o = 84.2 uM, and the rest of the isolated compounds were
found to be inactive.®

3.5.2.2. Fungi of the genus Valsa. (3R,4aR,5S,6R)-6-Hydroxy-5-
methylramulosin (22), a previously unreported isocoumarin
along with three other known derivatives, including the previ-
ously mentioned (—)5-methylmellein (14), (—)-5-hydrox-
ymethylmellein ~ (23), and  (—)-(3R,4R)-cis-4-hydroxy-5-
methylmellein (24) (Fig. 8), were isolated from the marine
alga-derived fungus Valsa ceratosperma obtained from the green
alga Codium fragile (SURINGAR) HARIOT, collected from the
Japan sea at the bay of Toyama. While compounds 14, 23, and
24 showed no cytotoxic activity against HeLa cell lines,
compound 22 displayed 65% inhibitory activity against HeLa
cells growth at a concentration of 50 ug mL~*.%

3.6. Fungi of the order Eurotiales

3.6.1. Fungi of the family Aspergillaceae

3.6.1.1. Fungi of the genus Aspergillus. The chemical inves-
tigation of the marine-derived fungus Aspergillus sp. associated
with the ascidian Eudistoma vannamei, obtained from Northeast
Brazil, led to the isolation of two previously reported iso-
coumarins, namely, mullein (25) and cis-4-hydroxymellein (26),
along with the previously mentioned trans-4-hydroxymellein (7)
(Fig. 9). All the isolated compounds exhibited no cytotoxicity
once they were examined against two tumor cell lines HCT-8
and MDA-MB-435.” Other four isocoumarins were isolated
from the EtOAc extract of the marine-derived fungus Aspergillus
similanensis sp. nov. KUFA 0013, obtained from the marine
sponge Rhabdermia sp., collected in Thailand, from the Similan
Islands coral reef, including the previously reported 6,8-
dihydroxy-3-methylisocoumarin (27) and reticulol (29), along
with previously unreported derivatives 6,8-dihydroxy-3,7-
dimethylisocoumarin (28) and 5-hydroxy-8-methyl-2H,6H-pyr-
ano[3,4-g]chromen-2,6-dione (30), which is also known as sim-
ilanpyrone A (Fig. 9). Compounds 27-30 showed neither
antifungal nor antibacterial when tested against C. albicans
ATCC 10231, Gram-negative bacteria (E. coli ATCC 25922 and P.
aeruginosa ATCC 27853), and Gram-positive bacteria (S. aureus
ATCC 25923 and B. subtilis ATCC 6633).°® In addition, four
reported isocoumarin derivatives,

previously namely,
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angelicoin A (31), periplanetin D (32), (35,45)-dihydroascochin
(33), and phomolactone B (34) together with three previously
unreported congeners, including versicoumarins A (37), B (35),
and C (36) (Fig. 9), were obtained from the endophytic fungus of
Aspergillus versicolor isolated from P. marmorata stearn rhizome,
collected from Yunnan, China. Compounds 31-37 were exam-
ined for their antiviral activity (anti-TMV activity) using the half-
leaf method and ningnanmycin as a positive control. They
exhibited an inhibition activity in the range from 11.5 to 28.6%.
Furthermore, it is worth mentioning that compound versicou-
marins A (37) exhibited the highest inhibitory activity of 28.6%.
In addition, they were also tested for their cytotoxicity against
MCF7, NB4, PC3, SHSY5Y, and A549 cancer cell lines using the
MTT-assay and taxol as the positive control. Compounds 31-36
exhibited moderate cytotoxic effect against the examined cell
lines with IC5 <10 pM; however, compound versicoumarins A
(37) displayed strong cytotoxic effect toward MCF7 and A549
tumor cell lines with ICs, values of 4.0 and 3.8 uM, respec-
tively.*® (S)-(—)-6,8-Di-O-methylcitreoisocoumarin (38) (Fig. 9),
a previously unreported isocoumarin derivative, was isolated
from the marine-derived fungus Aspergillus flavus OUCMDZ-
2205 isolated from the prawn, Penaeus vannamei, collected in
China from the sea area of Lianyungang. Compound 38 was not
examined for any relevant biological activity.” The chemical
examination of the algicolous-derived endophytic fungus
Aspergillus sp. F00785 isolated from the alga, Enteromorpha
prolifera, collected in China from the Saltern of Jinjiang, affor-
ded nine asperentin derivatives, including the previously re-
ported asperentin (39), which is also known as cladosporin, 5
hydroxyasperentin (40), 4-hydroxyasperentin (41), asperentin-8-
methyl ether (42), 5-hydroxyasperentin-8-methyl ether (43), and
4-hydroxyasperentin-6-methyl ether (44), together with three
previously undescribed derivatives, i.e., 5-hydroxyl-6-O-methyl-
asperentin (45), 6-O-a-p-ribosylasperentin (46), and 6-O-o-p-
ribosyl-8-O-methylasperentin (47) (Fig. 9). Compounds 39-47
were examined for their antifungal effect against three crop
pathogenic fungi, B. cinerea Pers, C. gleosporioides Penz., and C.
gleosporioides (Penz.) Sacc., using the filter-paper disk method
and as a positive control amphoteri