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Mangrove communities represent the coastal habitats located in intertidal zones or
brackish waters of tropical and subtropical coastal areas in over 118 countries [1]. Typical
mangrove ecosystems including highly saline or brackish water, high solar irradiation,
and tidal gradients, inducing mangrove residents to evolve biodiversity for environmental
adaptations. Mangrove plants and the associated microorganisms encode unique biosyn-
thetic genes which have the potential to generate chemical diversity and novelty with
promising pharmaceutical applications. In recent decades, numerous metabolites with
uncommon structures and efficacious bioactivities have been discovered from mangrove
hosts and their associated microorganisms.

The emergence of drug-resistance and rising pathogen mutations attenuates the po-
tency of current antimicrobial drugs. Thus, mining structurally novel and pharmacolog-
ically potent natural products from mangrove ecosystems has attracted a great deal of
attention from chemists and pharmacologists. Additionally, a broad range of chemical
structures with unique scaffolds imply that their biogenesis involves novel functional genes
and corresponding enzymes with unique catalytic functions.

This Special Issue “Bio-Active Products from Mangrove Ecosystems” (https://www.
mdpi.com/journal/marinedrugs/special_issues/mangrove_ecosystems, accessed on 3
March 2022) contains ten peer-reviewed articles, including three comprehensive reviews
and seven research papers on different topics related to new approaches and informa-
tion on bioactive compounds with privileged scaffolds, such as polyketides, alkaloids
and terpenoids, derived from mangrove fungi with potential for anticancer, antimicrobial,
antioxidant, antidiabetic, and immunosuppressive activities, and elucidation of ecologi-
cal defense functions. Herein, we introduce a brief overview of the main achievements
contributed by each study.

A review by Wu et al. [2] introduces unusual secondary metabolites from mangrove
ecosystems, reporting 134 metabolites, which are classified into two major families in
terms of the biological sources and 15 subfamilies according to the chemical structures,
covering the period from 2010 to 2022. The structures, biological activities, biosynthesis,
and total chemical syntheses of some unique compounds are included. A majority of
these compounds are produced by mangrove-associated microorganisms, and more than
70% were isolated from endophyte fungi, indicating a remarkable chemical diversity of
the microbial community. In addition, these compounds display diverse and remarkable
biological activities and are frequently reported as antimicrobial and cytotoxic compounds.
Structurally diverse secondary metabolites play a crucial role in the discovery of new
natural products with interesting pharmacophores. Secondary metabolites featuring new
scaffolds, unique ring systems, or unusual functional groups might merit the attention of
chemists and biologists and could be a source of fresh pharmacophores with biological
activity for the creation of drugs based on natural products.

Mar. Drugs 2023, 21, 239. https:/ /doi.org/10.3390/md21040239

https://www.mdpi.com/journal /marinedrugs


https://doi.org/10.3390/md21040239
https://doi.org/10.3390/md21040239
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/marinedrugs
https://www.mdpi.com
https://orcid.org/0000-0003-3223-4007
https://orcid.org/0000-0002-6201-5318
https://www.mdpi.com/journal/marinedrugs/special_issues/mangrove_ecosystems
https://www.mdpi.com/journal/marinedrugs/special_issues/mangrove_ecosystems
https://doi.org/10.3390/md21040239
https://www.mdpi.com/journal/marinedrugs
https://www.mdpi.com/article/10.3390/md21040239?type=check_update&version=1

Mar. Drugs 2023, 21, 239

2o0f4

The second review by Sulaiman et al. [3] provides a comprehensive review of antibac-
terial, antifungal, and antiviral natural products from the mangrove plants in Asia and the
Pacific reported from 1968 to 2022. Among the 286 plant species, 119 exhibited antimicrobial
effects, and a total of 114 antimicrobial natural products have been identified including
12 with MIC values below 1 pg/mL. A vast array of antimicrobial secondary metabolites
that could be further examined for development of anti-infectives to mitigate infectious
diseases such as the White Spot Syndrome Virus infection in aquaculture is described. In
parallel, the use and promotion of mangrove plants in aquacultures are beneficial as the
rise in the global population which requires a huge supply shrimps, prawns, crabs, and
fish globally necessitates the preservation of mangroves.

Small molecules with different mechanisms of fibrinolysis action are desired for new
antithrombotics and thrombolytics. Hang et al. [4] list a series of bioactive staplabin con-
geners which not only possess fibrinolytic activity but also exhibit various effects, such as
anti-inflammatory, neuroprotective, and anti-cancer properties. The authors focused on the
diverse biological activities of SMTP-7 (compound 1, also known as FGFC1), an isoindolone
alkaloid from the marine fungi Starchbotrys longispora FG216 and Stachybotrys microspora
IFO 30018, that possesses diverse bioactivities such as thrombolytic, anti-inflammatory, and
anti-oxidative properties and selective anti-cancer activity. These properties make SMTP-7
an attractive option for the development of drugs for the treatment of various diseases,
including cerebral infarction, stroke, ischemia/reperfusion damage, acute kidney injury,
non-small cell lung cancer, and especially for cerebral infarction. The recent progress in
structure—function relationships, preparation methods, identification of diverse biological
activities and mechanism of SMTP-7 and its congeners is summarized, thereby illustrating
its high therapeutic potential.

Cai et al. [5] reported 6 novel isocoumarins, namely talaromarins A-F, along with
17 known analogues from the mangrove-derived fungus Talaromyces flavus TGGP35. Their
structures were elucidated by extensive analysis of spectroscopic data, modified Mosher’s
method, and ECD spectra. Eleven compounds (including talaromarin F) showed sim-
ilar or better antioxidant activity compared with the positive control trolox, of which
6,8-dihydroxy-3-(2-hydroxypropyl)-7-methyl-1H-isochromen-1-one was the most active
and showed ABTS radical scavenging capacity with an ICsy value of 0.009 mM. More-
over, 5,6-dihydroxy-3-(4-hydroxypentyl)-isochroman-1-one, peniciisocoumarin D, penici-
marin N, and pestalotiorin exhibited strong inhibitory activity against a-glucosidase with
ICsp values ranging from 0.10 to 0.62 mM, while the positive control acarbose showed an
ICs value of 0.5 mM.

Four previously unreported drimane sesquiterpenoids, named ustusol F, 9-deoxyustusol
E, ustusol G, ustusolate H, in addition to ustusolate I, ustusolate J, and ustusol B, were
isolated and structurally characterized from the fermentation broth of the mangrove-
derived Aspergillus ustus 094102 by Gui et al. [6]. Ustusolate I has two pairs of enantiomers
of the gem diol in the side chain, namely (2E, 4E; 6,7-erythro)-ustusolate I and (2E, 4E;
ent-6,7-erythro)-ustusolate I, and (2E, 4E, 6R, 7R)- ustusolate I and (2E, 4E, 6S, 7S)-ustusolate I,
which were purified using HPLC. The antiproliferative activities of the isolated compounds
were evaluated against 29 human cancer cell lines and a non-cancer cell line, of which
ustusolate I showed an antiproliferative effect against the human tumor cells CAL-62 and
MG-63 with IC5q values of 16.3 and 10.1 uM, respectively.

Wang et al. [7] first systematically evaluated the diversity of cultivable fungi associated
with the medicinal mangrove Acanthus ilicifolius collected from the South China Sea. A
total of 102 fungal strains were isolated from A. ilicifolius and 84 independent culturable
isolates were identified using a combination of morphological characteristics and internal
transcribed spacer (ITS) sequence analyses, of which 37 strains were selected for phyloge-
netic analysis. The identified fungi belonged to 22 genera within seven taxonomic orders
of one phyla, of which four genera Verticillium, Neocosmospora, Valsa, and Pyrenochaeta were
first isolated from mangroves. Thirty-one strains of fungi displayed strong cytotoxicity to
different human cancer cell lines: A-549, HeLa, HepG, and Jurkat. Integrating a cytotoxic
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activity-guided strategy and fingerprint analysis, a well-known natural Golgi-disruptor
and Arf-GEF inhibitor, brefeldin A, was quickly isolated from the active strains.

Feng et al. [8] reported three previously undescribed cytochalasins, namely pho-
moparagins A-C, together with five previously reported analogs from the mangrove-
derived endophytic fungus Phomopsis asparagi DHS-48. Notably, phomoparagin A pos-
sessed an unprecedented 5/6/5/8/5-fused pentacyclic skeleton. These compounds were
tested for their inhibitory activity against concanavalin A (ConA)/lipopolysaccharide
(LPS)-induced spleen lymphocyte proliferation and the calcineurin (CN) enzyme. Pho-
moparagin B, phomopchalasins A and B, as well as cytochalasin H exhibited robust in-
hibitory activities with a relatively low toxicity. Moreover, phomoparagin B was shown to
inhibit ConA-stimulated activation of NFAT1 dephosphorylation and block NFAT1 translo-
cation in vitro, subsequently inhibiting the transcription of interleukin-2 (IL-2), whereas it
directly inhibited calcineurin and did not require a matchmaker protein, such as the clinical
immunosuppressants CsA and FK506.

Epigenetic manipulation was described as an effective method to stimulate gene clus-
ters which are ‘silent’, ‘orphan’, and ‘cryptic’ for enhancing secondary metabolite expression
without altering genes or causing the hereditable manipulation of microorganisms. Feng
et al. [9] conducted an epigenetic manipulation of the aforementioned Phomopsis asparagi
DHS-48 with the histone deacetylase (HDAC) inhibitor sodium butyrate and the DNA
methyltransferase (DNMT) inhibitor 5-azacytidine (5-Aza). Based on the colony growth,
dry biomass, HPLC, and 'H NMR analyses, the fungal chemical profile was significantly
different compared to the control, and an optional modifier (50 uM sodium butyrate) was
selected for the follow up fermentation. Two undescribed compounds, named phaseolorin
J and phomoparagin D, along with three previously reported chromones and previously
described cytochalasins, were isolated from the culture treated with sodium butyrate. Their
structures, including absolute configurations, were elucidated using a combination of
detailed HRESIMS, NMR, and ECD analyses and 13C NMR calculations. Phaseolorin J
and phaseolorin ]2 were found to be moderate immunosuppressants, inhibiting the pro-
liferation of ConA (concanavalin A)-induced T and LPS (lipopolysaccharide)-induced B
murine spleen lymphocytes. Additionally, phomoparagin D exhibited significant in vitro
cytotoxicity against the human cancer cell lines Hela and HepG2.

Cai et al. [10] described two previously undescribed chlorinated metabolites,
8-chlorine-5-hydroxy-2,3-dimethyl-7-methoxychromone and 3,4-dichloro-1H-pyrrole-2,5-dione,
together with eight known polyketides from the mangrove sediment-derived fungus
Mollisia sp. SCSIO4140. X-ray single-crystal diffraction allowed the assignment of its
absolute configuration of (4S, 55, 13R, 14R, 17R, 18R, 21R)-stemphone C for the first time.
3,4-Dichloro-1H-pyrrole-2,5-dione and stemphone C showed different degrees of antimicro-
bial activity against several pathogenic fungi and bacteria, and antiproliferative activities
against two human prostate cancer cell lines, PC-3 and 22Rv1. Furthermore, stemphone
C was found to exhibit antiproliferative activity against two prostate cancer cell lines
(PC-3 and 22Rv1) along with HepG2, WPMY-1, and MC3T3-E1. This compound reduced
PC-3 cell colony formation, inducing apoptosis, and blocked the cell cycle at S-phase in a
dose-dependent manner, revealing its use as a potential antiproliferative agent and a
promising anti-prostate cancer agent.

Red yeast rice (Monascus-fermented rice, also called anka or koji) has been used as
a natural food coloring additive and in traditional Chinese medicine since ancient times
due to its ability to ease digestion and antiseptic effects. A novel strain Monascus purpureus
wmd?2424 was isolated from the mangrove in Chiayi Wetland. It was identified by colony
culture morphology, microstructural characteristics, and partial sequence analysis of the
B-tubulin gene fragments by Wu et al. [11]. The authors described the isolation of five
previously unreported compounds, named monascuspurins A-E from the EtOAc extract
of wmd2424 cultured in RGY medium. Of these, monascuspurins C-E exhibited mild
antifungal activity against the tested Aspergillus niger, Penicillium italicum, Candida albicans,
and Saccharomyces cerevisiae.
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We would like to thank all the authors for their contribution to this Special Issue. The
articles on the topic presented in this Special Issue revealed that mangrove ecosystems is
especially attractive due to its abundant microbial communities, such as diverse strains
of endophytic fungi from mangrove vegetation and sediments that produce various sec-
ondary metabolites with unusual skeletons. These compounds usually possess highly
selective and specific biological activities with unique mechanisms of action, offering a
promising prospect of mangrove ecosystems to serve as an unlimited reservoir for lead
discovery and drug development. Biogenetic manipulation to stimulate silent or cryptic
biosynthetic genes offers an effective strategy for mining untapped natural products from
microorganisms. Nevertheless, the biosynthesis of most of the natural products derived
from mangrove-associated microorganisms and their corresponding biosynthetic gene
clusters in the mentioned microbial strains remain elusive.

Funding: Co-financed by grants from the National Natural Science Foundation of China
(No. 82160675/81973229), the Key Research Program of Hainan Province (ZDYF2021SHFZ108),
and the Key Science and Technology Project of Hainan Province (ZDKJ202018).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Xu, J. Mangrove Microbial Natural Product Chemistry; Science Press: Beijing, China, 2014; ISBN 978-7-03-041971-2.

2. Wu,MJ,; Xu, B.; Guo, Y.W. Unusual secondary metabolites from the mangrove ecosystems: Structures, bioactivities, chemical,
and bio-syntheses. Mar. Drugs 2022, 20, 535. [CrossRef] [PubMed]

3. Sulaiman, M.; Nissapatorn, V.; Rahmatullah, M.; Paul, A.K.; Rajagopal, M.; Rusdi, N.A.; Seelan, ].S.S.; Suleiman, M.; Zakaria,
Z.A.; Wiart, C. Antimicrobial secondary metabolites from the mangrove plants of Asia and the Pacific. Mar. Drugs 2022, 20, 643.
[CrossRef] [PubMed]

4. Hang, S.; Chen, H.; Wu, W.; Wang, S.; Fang, Y.; Sheng, R.; Tu, Q.; Guo, R. Progress in isoindolone alkaloid derivatives from marine
microorganism: Pharmacology, preparation, and mechanism. Mar. Drugs 2022, 20, 405. [CrossRef] [PubMed]

5. Cai, J.; Zhu, X.-C.; Zeng, W.-N.; Wang, B.; Luo, Y.-P; Liu, J.; Chen, M.-J.; Li, G.-Y.,; Huang, G.-L.; Chen, G.-Y,; et al. Talaromarins
A-F: Six new isocoumarins from mangrove-derived fungus Talaromyces flavus TGGP35. Mar. Drugs 2022, 20, 361. [CrossRef]
[PubMed]

6. Gui, P; Fan, J.; Zhu, T,; Fu, P,; Hong, K.; Zhu, W. Sesquiterpenoids from the mangrove-derived Aspergillus ustus 094102. Mar.
Drugs 2022, 20, 408. [CrossRef] [PubMed]

7. Wang, C.-F; Ma, J; Jing, Q.-Q.; Cao, X.-Z.; Chen, L.; Chao, R.; Zheng, J.-Y.; Shao, C.-L.; He, X.-X.; Wei, M.-Y. Integrating
activity-guided strategy and fingerprint analysis to target potent cytotoxic brefeldin a from a fungal library of the medicinal
mangrove Acanthus ilicifolius. Mar. Drugs 2022, 20, 432. [CrossRef]

8.  Feng, Z.; Zhang, X.; Wu, ].; Wei, C.; Feng, T.; Zhou, D.; Wen, Z.; Xu, J. Immunosuppressive cytochalasins from the mangrove
endophytic fungus Phomopsis asparagi DHS-48. Mar. Drugs 2022, 20, 526. [CrossRef] [PubMed]

9. Feng, T.; Wei, C.; Deng, X.; Chen, D.; Wen, Z.; Xu, J. Epigenetic manipulation induced production of immunosuppressive
chromones and cytochalasins from the mangrove endophytic fungus Phomopsis asparagi DHS-48. Mar. Drugs 2022, 20, 616.
[CrossRef] [PubMed]

10. Cai, J.; Wang, X.; Gan, X.; Zhou, Q.; Luo, X.; Yang, B.; Liu, Y,; Ratnasekera, D.; Zhou, X. New chlorinated metabolites and
antiproliferative polyketone from the mangrove sediments-derived fungus Mollisia sp. SCSI041409. Mar. Drugs 2023, 21, 32.
[CrossRef] [PubMed]

11.  Wu, M.D,; Chen, ].J.; Cheng, M.]. Secondary metabolites with antifungal activities from mangrove derived fungus Monascus

purpureus WMD2424. Mar. Drugs 2023, 21, 200. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/md20080535
https://www.ncbi.nlm.nih.gov/pubmed/36005537
https://doi.org/10.3390/md20100643
https://www.ncbi.nlm.nih.gov/pubmed/36286466
https://doi.org/10.3390/md20060405
https://www.ncbi.nlm.nih.gov/pubmed/35736208
https://doi.org/10.3390/md20060361
https://www.ncbi.nlm.nih.gov/pubmed/35736164
https://doi.org/10.3390/md20070408
https://www.ncbi.nlm.nih.gov/pubmed/35877701
https://doi.org/10.3390/md20070432
https://doi.org/10.3390/md20080526
https://www.ncbi.nlm.nih.gov/pubmed/36005528
https://doi.org/10.3390/md20100616
https://www.ncbi.nlm.nih.gov/pubmed/36286441
https://doi.org/10.3390/md21010032
https://www.ncbi.nlm.nih.gov/pubmed/36662205
https://doi.org/10.3390/md21040200

	References

