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Abstract

The oceans are a rich source of a myriad of structurally different and unique natural products that
are mainly found in invertebrates with potential applications in different disciplines. Microbial
infection and cancer are the leading causes of death worldwide. Discovery of new sources of
therapy for microbial infections is an urgent requirement due to the emergence of pathogenic
microorganisms that are resistant to existing therapies. Marine bioactives have demonstrated to
be promising sources for the discovery and development of novel antimicrobial and anticancer
compounds. Several marine compounds are confirmed to have antibacterial effects and most
marine-based antifungal compounds are cytotoxic. Numerous antitumor marine natural products,
derived mainly from sponges or molluscs, and also bryozoans and cyanobacteria, exhibit potent
antimitotic activity. In addition, marine biodiversity offers some possible leads or new drugs to
treat human immunodeficiency virus (HIV). A majority of marine derived drugs are currently in
clinical trials or under preclinical evaluation. Furthermore, marine-based drugs, approved by the
US Food and Drug Administration (FDA) are available in the market. This review summarizes
the sources, mechanisms of action and potential utilization of marine natural products such as
peptides, alkaloids, polyketides, polyphenols, terpenoids and sterols as antifungal, antibacterial,

antiviral, and anticancer compounds.
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Significance Statement:

The utilization of bioactive compounds from marine resources as natural health products results
in a crucial advancement in the field of healthcare and wellness. A valuable source of therapeutic
potential has been discovered by harnessing the diverse and potent compounds from marine
organisms. These bioactives offer a promising medicinal value for preventing various diseases,
promoting overall wellbeing, and advancing pharmaceutical and nutraceutical industries. Their
sustainable extraction and utilization not only benefit human health but also contribute to the
conservation of marine ecosystems. Utilizing marine based bioactives implies a transformative

approach towards enhancing health outcomes and sustainability in our modern world.
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l. Introduction

More than 70% of earth’s surface is covered by oceans, and life on earth has its origin in the sea.
Experts estimated that the biological diversity is higher in certain marine ecosystems, such as
coral reefs and deep-sea floors, compared to tropical rain forests. Many marine organisms are
soft bodied and have a sedentary lifestyle necessitating chemical means of defense. Marine
ecosystem is an excellent source of both biological and chemical diversities. So far, more than
30,000 natural products have been reported from marine flora and fauna (Lindequist, 2016), and
since 2008, over 1000 new natural products have been discovered each year as shown in Figure 1
(Carroll et al., 2024; Shahidi and Santhiravel, 2022). Over the past decades, a variety of natural
compounds such as polyunsaturated fatty acids, proteins and peptides (e.g., collagen and gelatin),
enzymes, polyphenols, polysaccharides, pigments, vitamins, and minerals possessing several
biological activities have been discovered from the marine ecosystem (Barrow and Shahidi,

2007).

Marine invertebrates, fishes, seaweeds, and microorganisms are the major groups of marine
organisms that produce bioactive compounds, and these compounds are commonly extracted
from their muscles, skin, internal organs, and bones (Lobine et al., 2022). Depending on the
species, temperature of the ocean, season, and geographical location, composition and diversity
of bioactive molecules generated by marine species vary considerably. This diversity has been
the source of unique chemical compounds with the potential for industrial applications as
pharmaceuticals, nutraceuticals and other nutritional supplements, cosmetics, molecular probes,
fine chemicals, and agrochemicals (Simat et al., 2020; Shahidi and Ambigaipalan, 2015). The
ongoing challenge is to sustainably produce an adequate quantity and quality of these products to

avoid overexploitation of marine natural resources.
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The development of new drug therapies has indeed played a crucial role in extending human life
span and enhancing the overall well-being. In this regard, people have become more and more
reliant on the safe and effective pharmaceutical products (Nascimento et al., 2023). Traditionally,
new pharmaceuticals have originated from nature. Currently, more than half of the commercially
available drugs are either derived from natural sources or synthesized by using natural products
as templets or starting materials (Geigert, 2023). In recent years, pharmaceutical industries have
intensified their efforts towards searching for marine organisms, including seaweeds, as a source
for new drugs from natural products. These products are also being increasingly used in medical
and biomedical research. Prior to the 1950s, the therapeutic application of marine sources,
particularly seaweeds, were restricted to traditional and folk medicines (Lincoln et al., 1991).
The actual development of marine drugs commenced in the 1950s when C-nucleosides,
spongothymidine and spongouridine were identified from the Caribbean sponge Tethya crypta
(Bergmann and Feeney, 1951). The discovery of antibiotic class of cephalosporins began with
the isolation of Cephalosporin C from the fungus Acremonium chrysogenum derived from

Mediterranean Sea water in the 1940s (Lindequist, 2016).

During the 1980s and 90s, molecules with therapeutic potential were identified from marine
invertebrates, algae, and bacteria. Between 1977 and 1987, algae, sponges, and cnidarians
contributed to around 35, 29, and 22% of the discovery of novel chemical compounds,
respectively (Ireland et al., 1993). However, the identification of new natural products from
seaweeds has decreased since 1995, and marine microorganisms have started gaining more
attention (Kelecom, 2002). Studies have reported many pharmacologically active novel
compounds that are probably used as protection mechanisms by marine organisms against their

predators. Marine invertebrates that are sessile or slow moving and mostly lack morphological
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defense structures, such as sponges, tunicates, and certain molluscs, and hence have provided the
largest number of marine-derived secondary constituents, including some of the most interesting
drug candidates (Romano et al., 2022; Liu et al., 2019a). Marine biodiversity also offers some

possible leads or new drugs to treat the human immunodeficiency virus (HIV).

Till to date, marine species are screened for their antioxidant, antimicrobial, anticancer,
neuroprotective, anti-inflammatory, anti-diabetic, anti-obesity, lipid-lowering, skin protective and
sleep enhancing properties (Shahidi and Santhiravel, 2022). These properties are widely utilized
in the new drug development across the world. Among these, certain marine-derived drugs are
approved by Food and Drug Administration (FDA) and European Union (EU) and various drugs
are in different phases of clinical trials, while a huge number of marine based molecules are in

the pre-clinical testing pipelines (Malve, 2016).

Several recent comprehensive reviews have emphasized on the anti-diabetic (Agarwal et al.,
2023), cardioprotective (Akram et al., 2023), anti-inflammatory (Khursheed et al., 2023), and
neuroprotective (Pereira and Valado, 2023) effects of marine bioactives. However, there is a gap
in comprehensive reviews addressing the antimicrobial properties of marine natural products.
Moreover, cancer is the second leading cause of death globally (WHO, 2022) and microbial
infectious diseases are the leading causes of death in low-income countries (WHO, 2020). This
global burden of cancer and infectious diseases necessitates the development of novel anticancer
and antimicrobial drugs from natural sources. In this context, marine bioactives have great
potential for novel drug development since they have been proven to exhibit anticancer,
antibacterial, antifungal, and anticancer activities (Wong et al., 2023; Das et al., 2023).
Therefore, a comprehensive review on the antimicrobial and anticancer properties of marine

natural products is needed for guiding the future research and clinical applications. This review
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focusses mainly on antifungal, antibacterial, antiviral, and anticancer activities of proteins and
peptides, alkaloids, polyketides, polyphenols, terpenoids, and sterols isolated from marine
ecosystem during the period of last 30 years, with the emphasis on the challenges and future
trends associated with the development of pharmaceutical products from the marine origin

(Figure 2).

1. Mechanism of action of antifungal, antibacterial, antiviral, and anticancer activities

exhibited by marine sources

A Antifungal Activity

Fungi are a ubiquitous group of organisms that play a major role in different ecosystems,
including decomposition of organic matter. Fungi are also utilized in the pharmaceutical
industries for the purpose of obtaining certain drugs such as immunosuppressant, and antibiotics,
among others. However, certain fungi can target different types of organs or tissues, namely
lungs, neurons, and bones and threaten human health (Elabboubi et al., 2019). These fungal
infections might be related to significant morbidity and mortality. The increase in the incidence
of fungal infections is due to the emergence of resistant pathogens and their nosocomial
dissemination, especially among immune-compromised or neutropenic patients. Scientific efforts
to discover potential new antifungal drugs are principally leaned towards synthetic and natural
products of plant origin. Fungi cells are eukaryotic, containing nucleus (DNA), endoplasmic
reticulum, mitochondria, and Golgi apparatus. They differ from the mammalian cell membrane
only by the type of sterol present in their cell membranes. Cholesterol is the major component of
mammalian cell membrane, whereas fungal cell membranes mainly contain ergosterol (Lagrouh

etal., 2017).
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Several mechanisms of action have been proposed for the antifungal activity of secondary
metabolites: (1) Disruption of cell wall integrity by inhibiting the fungal cell wall formation via
prevention of the synthesis of B-glucans and chitins, the major cell wall components. Since
bioactives can suppress B-glucan synthase and chitin synthase enzyme activities, involved in the
synthesis of B-glucans and chitins, respectively (Walker and White, 2012); (2) Dysfunction of the
mitochondria leading to a lower level of ATP generation and the following cell death. It is
because natural products can inhibit the components (proteins) of electron transport chain such
as complexes I, II, III, or IV and they can also depolarize the mitochondrial membranes
(Agostini-Costa et al., 2012); (3) Suppression of RNA/ DNA or protein synthesis by influencing
the transcription factors and enzymes involved in their synthesis such as RNA/DNA polymerase,
topoisomerase, and tRNA synthetase. (Lagrouh et al., 2017); (4) Disruption of cell membrane
when ergosterols are bound by antifungal agents or their synthesis is inhibited by ergosterol
biosynthesis inhibitors which can suppress the activity of enzymes involved in ergosterol
synthesis pathway such as squalene epoxidase (ERG1) and lanosterol synthase (ERG 7) (Walker
and White, 2012); (5) Inhibition of efflux pumps by binding to active sites of efflux pumps like
ATP-binding cassette transporters (Kang et al., 2010); or (6) Prevention of cell division via
inhibition of the mitotic spindle formation by supressing the function of microtubule associated
proteins and mitotic kinase (Lagrouh et al., 2017). Figure 3 illustrates the schematic diagram of

the different mechanisms of action of antifungal activity of secondary metabolites.

Over the last few decades, marine environment has been recognized as a rich source of bioactive
metabolites with varied biological and pharmacological activities. Among these natural products,
numerous molecules with promising antifungal properties have been extracted from marine

invertebrates, algae, and microorganisms. Sponges are identified as the major source of

10
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antifungal metabolites, followed by bacteria and fungi (Cardoso et al., 2020). From 2000 to
2015, approximately 65% of the marine bioactive compounds exhibiting antifungal effects were
identified from sponges and bacteria (El-Hossary et al., 2017). The remarkable chemical
diversity of secondary metabolites produced by marine organisms contributes to the discovery
and development of novel drugs for the prevention and treatment of several fungal infections

(Alves et al., 2020).

B. Antibacterial Activity

Bacterial infection is one of the leading causes of death in both developed and developing
countries, and resistance to antibiotics is a major health challenge and threat to public health
globally [20]. The antibacterial resistance is either by intrinsic or acquired resistance (from other
pathogenic bacteria) or their combination. Therefore, several strategies should be followed to
overcome the bacterial resistance by employing novel antibacterial agents. Subsequently, the
urge to find new compounds for treating bacterial infection has become a pressing global issue.
Two mechanisms are mainly involved in the antibacterial activity of natural compounds by
affecting the function or biosynthesis of essential components of bacteria and overcoming the

antibacterial resistance (Yan et al., 2021).

These mechanisms include (Figure 4) (1) Inhibition of biosynthesis of bacterial cell-wall by
affecting the enzymes involved in the synthesis pathway of peptidoglycans such as
transpeptidase and transglycosylase (Galinier et al., 2023); (2) Affecting the synthesis of
bacterial proteins by inhibiting the ribosomal function (binding to ribosomal subunits) and tRNA
binding via suppressing aminoacyl-tRNA synthetase (Pang et al., 2021); (3) Prevention of DNA
replication and repair by blocking the enzymes involved in DNA synthesis such as DNA

polymerase, helicases, and primases, as well as influencing the nucleotide excision repair and

11
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base excision repair mechanism (Barreiro and Ullan, 2016); (4) Destruction of bacterial cell
membrane by binding to phospholipids and interacting with lipopolysaccharides in the outer
membrane (Nowotarska et al., 2014); and (5) Inhibition of a metabolic pathway of amino acid,
nucleotide, folate, coenzyme, fatty acid, and energy synthesis by interfering with enzymes

involved in their synthetic pathways (Alamgir, 2018).

A large number of natural compounds with antibacterial activity has been isolated from different
natural sources (Stan et al., 2021; Quinto et al., 2019). However, the efficacy of those
compounds may differ due to the structural difference in the cell wall of Gram-positive and
Gram-negative bacteria. Several marine-based compounds have demonstrated antibacterial
effects. For instance, squalamine, isolated from dogfish shark Squalus acanthias, showed
powerful antibacterial activity against both Gram-positive and Gram-negative bacteria (Moore et

al., 1993).

C. Antiviral Activity

Viruses, a class of pathogenic microorganisms, threaten the health and safety of humans. Several
epidemics have broken out over the past centuries killing thousands of people. Among all
infections, viral pathogens cause more serious damage. However, the development of remedy to
treat viral infection has been slow and only a few clinically approved antiviral drugs are
available. For instance, the development of drugs to treat human adenovirus (HAdv) infections is
still a great challenge for medicinal chemists (Pech-Puch et al., 2020). Moreover, fatal viral
diseases such as hepatitis B, AIDS, influenza, and other diseases have not yet been completely
eradicated. In addition, due to the increasing resistance of available drugs to viral infections, the
need to develop new antiviral therapies has intensified. Exploration of marine resources for

antiviral activity has yielded a remarkable number of bioactive natural products. Around 89

12
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antiviral compounds, belonging to 8 structural classes, have been identified from marine

microorganisms from 2015 to 2019 (Teng et al., 2020).

Numerous marine species, including tunicates, sponges, echinoderms, and microbes, exhibit
considerable inhibitory activities against pathogenic viruses. Marine-derived compounds
displaying antiviral activities are included in the chemical classes of terpenes, peptides,
polyketides, polysaccharides, and nitrogen-containing compounds. Khan et al. (2021)
investigated the potency of certain marine-based compounds against SARS CoV-2 main protease
(PDB ID 6MO3) and reported that these compounds may be used as a potential inhibitor

targeting SARS CoV-2 for better management of COVID-109.

Different phases of lifecycle of viruses have been the target for the discovery of novel antiviral
compounds. Fundamental stages of the enveloped virus lifecycle of entry, synthesis, and
assembly are interrupted by the natural antiviral products. Viral uncoating, viral penetration,
viral particle or virion inhibition (virucidal effect), endosomal escape, viral genome replication,
adsorption (cellular association), and viral assembly, packaging, and release are the major
inhibition sites of antiviral compounds (Kausar et al., 2021; Vilas Boas et al., 2019; Magden et

al., 2005).

D. Anticancer Activity

Cancer, an abnormal growth of cells and tissues, is still the leading cause of death globally. So
far, over 277 different types of cancer have been diagnosed and the most prominent ones are
lung, rectum, breast, prostate, urinary bladder, and bronchus cancers (Khalifa et al., 2019).
According to WHO, nearly 18.1 million cancer cases were reported around the world and cancer
accounts for approximately 10 million deaths in 2020 (WHO, 2022). The traditional therapeutic

approaches include surgery, radiotherapy, chemotherapy, immunotherapy, and combination of

13
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multiple therapies that may trigger irreversible injury to the important organs near to tumors. In
addition, due to the increasing drug resistance, the discovery and development of novel active
chemotherapeutic agents is highly desirable. Natural compounds are regarded as the most
remarkable anticancer agents. Approximately 65% of the anticancer drugs commercially
available in Europe and the USA are of natural origin, either microbially-derived or extracted

from plant sources (Newman and Cragg, 2012).

At present, there is a growing interest for potential anticancer agents derived from the marine
ecosystem. Improvements in the technology of deep-sea collection and culture and the increasing
understanding of marine biodiversity have raised the interest of exploring the ocean as a potential
source of new anti-cancer candidates. Several antitumor marine natural products, derived mainly
from marine sponges or molluscs, but also bryozoans and cyanobacteria, exhibit potent
antimitotic activities. The marine pharmacology literature highlights the fact that the discovery
of novel marine antitumor agents continued to increase between 1998 and 2022 (Dyshlovoy and
Honecker, 2022; Mayer and Lehmann, 2001). Examples of antitumor compounds isolated from
marine organisms include didemin B from a marine tunicate, bryostatin 1 from marine bryozoa,
dolastatin 10 from sea hare, as well as halichondrin B, calyculin A and mycalamides A and B

from sponges (Khalifa et al., 2019).

Several mechanisms of action are involved in the anticancer activities of natural compounds.
These compounds have created exciting new means for, (1) Disrupting tumor-specific cell
signalling mainly by blocking ligand binding to receptor tyrosine kinases and inhibiting their
activity (Ghosh et al., 2020); (2) Preventing cell division by targeting the cell division regulators
such as cyclin-dependent kinases (CDKs) (Santo et al., 2015); (3) Suppressing energy

metabolism by the inhibition of enzymes involved in glycolysis, TCA cycle, amino acid and fatty

14

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

acid metabolism, among others (Muniraj et al., 2019); (4) Modifying gene expression mainly by
epigenetic modification and inhibition of transcription factor binding (Huang et al., 2018); (5)
Inducing apoptosis and necrosis through intrinsic (mitochondrial) and extrinsic (death receptor)
pathways (Lossi, 2022); (6) Blocking proliferation by the cell cycle arrest by the inhibition of
CDKs and DNA damage; (7) Inhibiting invasion and metastasis through the suppression of
epithelial-mesenchymal transition and matrix metalloproteinases (Ge et al., 2022); and (8)
Inhibiting angiogenesis via blocking vascular endothelial growth factor (VEGF) signalling by
targeting tyrosine kinase activity of VEGF receptors (Cerezo et al., 2019); and preventing tumor
promoting inflammation by inhibiting pro-inflammatory cytokines (TNF-a, IL-6 and IL-1p),
modulating nuclear factor kappa B (NF-kB) pathways, and suppressing cyclooxygenase-2 and
lipoxygenase enzymes (Al-Khayri et al., 2022) as shown in Figure 5. Marine-based bioactive
compounds exhibiting anticancer activities include peptides, phenols, alkaloids, sterols, and

terpenoids, among others.

I11.  Marine resources for pharmaceutical and medical products

Research into pharmacological properties of marine natural products has led to the discovery of
many potent active agents considered worthy of clinical application. The marine environment is
an exceptional reservoir of bioactive natural products, many of which exhibit structural and
chemical features not found in terrestrial natural products (Khalifa et al., 2019). As mentioned
above, the first marine-based bioactive compounds, C-nucleosides, spongothymidine and
spongouridine, were discovered from Caribbean sponge Cryptothecaa crypt by Bergmann and
Feeney in 1951 (Bergmann and Feeney. 1951). Later in mid 1960s, these compounds were
proven to possess anticancer and antiviral activities (Cragg et al., 1997). In 1970s, research on

marine products accelerated and began to appeal to different disciplines, including biochemistry,
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biology, ecology, organic chemistry, and pharmacology. Since the 1970s, more than 15,000
structurally diverse natural products with different bioactivities have been discovered from
marine microbes, algae, and invertebrates (Mohamed et al., 2021). A majority of marine natural
products have been obtained from sessile soft-bodied invertebrates, such as sponges and cnidaria.
Most of the marine-based bioactive compounds, which have the application as natural health
products, are categorized into groups of proteins and peptides, alkaloids, polyketides, and

polyphenols.

A. Protein and Peptides

Ocean is an important biological ecosystem with an excellent source of novel functional proteins
and peptides. Peptides are made up of an amino acid sequence, mostly in the range of 2 to 20
amino acid residues. Bioactive peptides, protein fragments, exhibit biological activities when
released from the parent protein. Marine derived peptides possess numerous functionalities
including antiviral, anticancer, antimicrobial, and cardioprotective effects, among others.
Antimicrobial peptides are generally classified based on their prevalence of cationic and

hydrophobic amino acid residues (Cunha and Pintado, 2022).

1. Antifungal

Caspofungin is a well-known antifungal peptide with the MICsy values typically in the range of
0.03-0.1 pg/mL against Candida albicans (Pfaller et al., 2006) and around 0.5-1 pg/mL against
Aspergillus fumigatus (Espinel-Ingroff, 2003). Numerous studies have shown that marine-based
peptides are potent antifungal agents. Recently, Karim et al. (2021) isolated two bicyclic
peptides, namely nyuzenamides A and B, from deep sea water Streptomyces collected from Sea
of Japan. Nyuzenamide A exhibited potent antifungal activity against human and plant pathogen,

Trichophyton rubrum NBRC5467 and Glomerella cingulata NBRC5907 with the minimum
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inhibitory concentration (MIC) values of 6.3 and 3.1 ug/mL, respectively, while nyuzenamide B
was weakly active against these two fungi with the MIC value of 25 ug/mL. Maribasins C-E and
maribasins A-B, cyclic lipopeptides isolated from marine gorgonian-associated
fungus Aspergillus sp. SCSIO 41501 (Trichocomaceae), exhibited antifungal activity against five
fungal strains such as Fusarium oxysporum, Curvularia australiensis, Pyricularia oryzae,
Alternaria solani, and Colletotrichum gloeosporioiles with the MIC values of 3.12-50 pg/disc

(Yao etal., 2021).

Moreover, a bicyclic glycopeptide theonellamide G extracted from Red Sea sponge Theonella
swinhoei inhibited the activity of wild and amphotericin-B-resistant strains of C. albicans, with
an 1Csp of 4.49 and 2.0 uM, respectively (Youssef et al., 2014). Gageopeptides A-D, discovered
from the marine based bacterium Bacillus subtilis, showed antifungal effects towards pathogenic
fungi P. capsica, C. acutatum, R. solani, and B. cinerea with MIC values of 0.02-0.06 uM
(Tareq et al., 2014a). In addition, mohangamide A, a dilactone-tethered pseudodimeric peptide,
was identified from a marine-derived Streptomyces sp. Mohangamide A was active against C.

albicans isocitrate lyase with an ICsg value of 4.14 mg/mL (Bae et al., 2015).

2. Antibacterial

Living organisms use antibacterial peptides as an important tool to combat bacterial infections.
Daptomycin and vancomycin are the well-established antibacterial peptide. MIC values of
daptomycin is typically <1 pg/mL against all MRSA isolates (Moses et al., 2020) and MIC value
of vancomycin against vancomycin-sensitive S. aureus is <2 ug/mL (Wang et al., 2006). Marine
environment is a rich source of antibacterial peptides with new discoveries. These peptides can
act against a broad spectrum of bacteria including both Gram-positive and Gram-negative

bacteria. For instance, Oreoch-1, isolated from Teleost fish, tilapia gills Oreochromis niloticus,
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was active against Gram-positive bacteria, namely B. subtilis (MIC = 3 uM) and S. aureus (MIC
=5 uM), and Gram-negative bacteria such as E. coli (MIC = 6.7 uM) and P. aeruginosa (MIC =
35 uM) (Acosta et al., 2013). Further, SpHyastatin, obtained from Crab Scylla paramamosain,
had potential effect towards Gram-positive bacteria (S. aureus, Micrococcus luteus,
Micrococcusluteus, and Corynebacterium glutamicum), and Gram-negative bacteria
(Pseudomonas stutzeri, Aeromonashydrophila, and P. fluorescens) with MIC values in the range

of 0.63-2.5 uM (Shan et al., 2016).

Chemical investigation of Antarctic Fish Parachaenichthys charcoti yielded a moronecidin-like
peptide called MoroPC-NH,, which exhibited antibacterial activity against Gram-positive S.
aureus, L. monocytogenes, and Streptococcus pyogenes with MICs < 5 uM and Gram-negative
Psychrobacter sp., E. coli DH5a, and Shigella sonnei with MICs < 5 uM (Shin et al., 2017).
Venerupis philippinarum defensin (VpDef), obtained from a clam Venerupis philippinarum,
displayed potent antibacterial properties against Micrococcus luteus (MIC = 6.25-12.5 uM) and
Enterobacter aerogenes (MIC = 12.5-25 uM) (Zhang et al., 2015a). In addition, Qin et al. (2014)
extracted Mytichitin-CB, an antimicrobial peptide with 55 amino acid residues, from
Hemolymph of Mytilud coruscus. This peptide was effective against different species of bacteria,
including S. luteus, B. subtilis, B. megaterium, and S. aureus with MIC values < 5 uM. SA-
hepcidin2, a cysteine rich antibacterial peptide isolated from spotted scat fish Scatophagus argus,
exhibited activity against S. aureus, Vibrio anguillarum, and V. alginolyticus with MIC values of
50 uM (Gui et al., 2016). Antibacterial activities of marine derive peptides discovered after 2010

are explained in Table 1.
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3. Antiviral

Antiviral peptides are short-chain peptides with 12-50 amino acid residues. Among all the
general characteristics of antimicrobial peptides, hydrophobicity is the key feature for antiviral
peptides to act against enveloped viruses (Wang et al., 2017), particularly hydrophaobic cysteine
residues that are abundant in antiviral peptides (Mishra et al., 2012). The mechanism of action of
antiviral peptides includes direct inhibition of viral pathogenesis or host cell infection by directly
binding to the viral target and indirect inhibition by attaching to the target site on the host
surface, inhibiting viral enzymes associated with intracellular replication and transcription, and
suppressing viral gene expression (Kausar et al., 2021; Gao et al., 2021). Enfuviride is a common

antiviral peptide drug and its 1Csp value is in the range of 0.01 to 0.1 uM against HIV-1.

Ford et al. (1999) found that cyclic depsipeptides papuamides A and B, derived from sponges
Theonella mirabilis and Theonella swinhoei, inhibit the infection of HIV in T-lymphoblastic
cells. Marine sources are regarded as potential therapeutics to treat HIV and have gained much
attention as natural anti-HIV compounds due to the several side effects, resistance, and toxicity
of commercially available anti-HIV drugs (Singh and Bodiwala, 2010). Examples of compounds
exhibiting anti-HIV activities include mollamide F, stellettapeptines A and B, malformin C,
mirabamides E-H, and divamide A (Sukmarini, 2022). Certain peptides have also proven to
exhibit potent antiviral activity against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), an epidemic associated with high rates of mortality. Plitidepsin, a cyclic depsipeptide
originally identified from tunicate Aplidium albicans, has been shown to possess antiviral
activity against SARS-CoV-2 with 90% inhibitory concentration of 0.88 nM (White et al., 2021).

Table 2 summarizes some antiviral peptides derived from marine sources.
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4. Anticancer

Numerous anticancer peptides have been isolated from different marine sources, such as
sponges, fungi, ascidians, cyanobacteria, fish, and mollusks. For example, nearly 2500 new
peptides with anti-cancer activities have been discovered from marine flora from 2002 to 2012
(Malaker and Ahmad, 2013). Currently, various novel marine-derived anti-tumor peptides and
their derivatives have been largely used in clinical research (Dyshlovoy and Honecker, 2020).
Anticancer potential of bioactive peptides is mainly dependent on the structural properties of

peptides attributed to their varying unusual amino acid residues (Cheung et al., 2015).

Mechanism of anti-cancer activity of peptides include induction of apoptosis, inhibition of cell
migration, prevention of cell cycle arrest, and disorganization of tubulin structure (Srinivasan et
al., 2020). Cancer cell apoptosis caused by peptides is mainly through the collapse of cellular
membrane. Overall charge of the outer surface of the of cancer cells is negative due to their
higher concentration of anionic phosphatidylserine. Therefore, cationic anticancer peptides can
bind to the surface of the cell membrane and cause their breakdown and prompt cell apoptosis
(Yang et al., 2013). Bortezomib (Velcade®), peptide-based proteasome inhibitor, is a well-
known anticancer drug with the 1Csy of 1.9 to 10.2 nM against multiple myeloma cell lines

(Shabaneh et al., 2013). However, 1Cs; values vary depending on the specific target cell lines.

Cyanobacteria are considered as a remarkable source of bioactive peptides exhibiting anticancer
activities. Different types of anticancer peptides derived from cyanobacteria include apratoxins
A-D, coibamide A, bisebromoamide, aurilide B and C, cryptophycin, hectochlorin,
grassypeptolide A-E, desmethoxymajusculamide C, coibamide A, desmethoxymajusculamide
C, hantupeptin A, itralamide A and B, hormothamnin A, largazole, lagunamide A-

C, symplocamide A, laxaphycin A and B, and tasiamide B, among others. Apratoxin A, a cyclic
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depsipeptide isolated from cyanobacterium Lyngbya majuscule, exhibited anticancer activity in
human tumor cell lines such as epidermal KB carcinoma cancer cells and LoVo colon carcinoma
cancer cells, with 1Cs, values of 0.52 and 0.36 nM, respectively (Luesch et al., 2002). Apratoxin
D showed in vitro cytotoxicity against H-460 lung cancer cells with 1Csy value of 2.6 nM

(Gutiérrez et al., 2008).

Anti-proliferative peptides derived from marine fungi include azonazine, sansalvamide A,
and scopularides A and B and tunicates include aplidin and didemnin B. Chemical analysis of
Fusarium sp. derived from marine plant Halodule wrightii yielded a cyclic depsipeptide,
sansalvamide A exhibiting cytotoxic activity towards several cell lines, namely colon, pancreatic,
prostrate, breast sarcoma, and melanoma cancer cell lines (Vasko et al., 2010), while azonazine,
obtained from Aspergillus insulicola (collected from Hawaiian marine sediments), displayed
cytotoxic activity in HCT-116 cell line with 1Csq value < 15 ng/mL (Wu et al., 2010). Didemnin
B, discovered from marine tunicate Trididemnum solidum, exhibited potent anti-tumor activity
towards human prostatic cancer cell line with 1Cs, value of 2 ng/mL in L1210 leukemia cells and

antiproliferative properties on B16 melanoma and P388 leukemia cells (Kotoku et al., 2006).

Sponge-derived peptides, mainly cyclodepsipeptides, display a wide range of anticancer
activities. Examples of these peptides are arenastatin A, geodiamolide H, homophymine A-
E, discodermin A-H, hemiasterlin A and C, orbiculamide A, koshikamide B, jaspamide,
microcionamide A and B, scleritodermin A, papuamide A-F, and rolloamide A. Exploration of
marine sponge Scleritoderma nodosum resulted in the isolation of a cyclic peptide
Scleritodermin A, which exhibited in vitro anticancer activities towards different human cancer
cell lines such as A2780 ovarian carcinoma, HCT116 colon carcinoma, and SKBR3 breast

carcinoma with 1Cso values of 0.94, 1.92, and 0.97 uM, respectively (Liu et al., 2008; Schmidt et
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al., 2004). Some other examples of marine peptides possessing anticancer activities are presented

in Table 3.

B. Alkaloids

Alkaloids are a broadly distributed and a vastly diverse group of compounds. Depending on their
chemical structure, biosynthetic pathway, biological activity, and heterocyclic and non-
heterocyclic composition, alkaloids can be classified in several subclasses such as indole
alkaloids, guadinine alkaloids, sterol alkaloids, pyridoacrine alkaloids, isoquinoline alkaloids,
aminoimidazole alkaloids, and pyrrole alkaloids. A variety of biologically active metabolites
containing an indole ring have been identified from marine sponges. They include
tryptophan/tryptamine derivatives, clionamide, topsentin A, jaspamide, and fascaplysin, among
others (Roll et al., 1988; Andersen et al., 1979). Marine-based alkaloids, a large and structurally

diverse group of natural products, are used in the development of several antibacterial drugs.

1. Antifungal

Berberine is a well-known antifungal supplement extracted from natural sources, exhibiting
antifungal properties against Candida species. It exhibits varying MIC against different Candida
species between 16 pg/mL against C. krusei and >128 pg/mL against C. haemulonii (Freile et al.,
2003). Studies on Australian marine sponge Xestospongia exigua yielded dimeric 2.,9-
disubstituted 1-oxaquinolizidine alkaloids xestospongin A, C, and D (Moon et al., 2002;
Nakagawa et al., 1984). Demethylxestospongin C and xestospongin A, C, and D (Figure 6)
exhibited moderate inhibitory effect towards a fluconazole-resistant C. albicans ATCC 14503

strain with the MIC value of 100 pg/mL (Moon et al., 2002).
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Haga et al. (2013) isolated four novel 4-hydroxy-2-pyridone alkaloids, didymellamides A-D,
from the marine-based fungus Stagonosporopsis cucurbitacearum. They found that
didymellamide A displayed antifungal effect against azole-resistant and -susceptible C. albicans,
C. glabrata, and Cryptococcus neoformans (MIC = 1.6 or 3.1 ug/mL) and didymellamide B
acted against C. neoformans (MIC = 6.3 pg/mL), whereas didymellamides C and D exhibited no
effect against fungi. Therefore, it was proposed that hydroxamic acid moiety has an influence on
the antifungal property of alkaloids. Moreover, caerulomycin A (Figure 7), isolated from the
marine actinomycete Actinoalloateichus cyanogriseus, inhibited two fluconazole-resistant C.
krusei GO3 and C. glabrata HO5 (MICs in the range of 0.39-1.56 pg/mL) (Ambavane et al.,

2014).

Evaluation of antifungal activity of an alkaloid 5-bromo-8-methoxy-1-methyl-f -carboline
(Figure 7), purified from New Zealand bryozoan Pterocella vesiculosa, proved its inhibitory
effect against C. albicans and Trichophyton mentagrophytes (MID = 4-5 pg/mL) (Till and
Prinsep, 2009). Takahashi et al. (2012) isolated nakijinamines A, B, F-I, and 6-bromoconicamin
from an Okinawan marine sponge Suberites sp. and evaluated their antimicrobial properties. It
was found that nakijinamine A (Figure 7) exhibited antifungal action towards C. albicans (1Csy =
0.25 u g/mL), Trichophyton mentagrophytes (1Csp = 0.25 u g/mL), and C. neoformans (ICso = 0.5
u g/mL), whereas nakijinamines B and C (Figure 7) inhibited the growth of C. albicans (ICsp = 8

u g/mL).

Investigation of Okinawan marine sponges Hyrtios spp. led to the discovery of novel indole
alkaloids, hyrtimomines A-C (Momose et al., 2013), hyrtimomines D and E (Tanaka et al.,
2013a), and hyrtimomines F-K (Tanaka et al., 2014). Hyrtimomine A showed inhibitory activity

against A. niger (ICso = 4.0 u g/mL), while hyrtimomines A and B (Figure 8) were active against
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C. neoformans (ICsyp = 2.0 and 4.0 u g/mL, respectively) and C. albicans (ICso = 1.0 pu g/mL
each). Hyrtimomines F, G, and I (Figure 8) showed antifungal effect towards Aspergillus niger
(ICso = 8.0 ug/mL each) and hyrtimomine I inhibited C. neoformans (1Csp = 4.0 u g/mL)
(Tanaka et al., 2014). Recently, two novel quinazoline indole alkaloids, fumigatosides E and F
(Figure 8), were discovered from the deep-sea fungus Aspergillus fumigatus SCSIO in the Indian
Ocean. Fumigatosides E exhibited strong antifungal activity against Fussarium oxysporum sp.
momordicae and moderate inhibitory effect towards F. oxysporum sp. cucumerinu (Limbadri et

al., 2018).

Hyrtinadines C and D, new bisindole alkaloids, were extracted from a marine sponge Hyrtios sp.
(Okinawa, Japan). Hyrtinadine C exhibited inhibitory activity against 4. niger with 1Cs value of
32 upg/mL (Kubota et al, 2016). Kubota et al. (2015) identified two novel
bromotyrosine alkaloids, tyrokeradines G and H, from a marine sponge of the order Verongida
(Okinawa, Japan). Both compounds displayed antifungal effect towards 4. niger with ICs value
of 32 pg/mL for each, whereas tyrokeradine G was active against Cryptococcus
neoformans (ICsp = 16 pg/mL). Bromopyrrole alkaloids namely, longamides D-F, 2-oxethyl-3-
[1-(4,5-dibromopyrrole-2-yl)-formamido]-methyl ~ propionate, @ and  3-oxethyl-4-[1-(4,5-
dibromopyrrole-2-yl)-formamido]-butanoic acid methyl ester , isolated from the South China Sea
sponge Agelas sp., showed antifungal activity versus C. albicans in a Caenorhabditis

elegans candidiasis model (Zhu et al., 2016).

South China Sea sponge Agelas nakamurai derived diterpene alkaloids, such as isoagelasine C,
agelasine B, agelasine J, nemoechine G, isoagelasidine B, and (-)-agelasidine C, exhibited
potential antifungal effect towards C. albicans (MICs ranging from 0.59 to 4.69 pg/mL) (Chu et

al., 2017). Chemical investigation of an Okinawan marine sponge Amphimedon sp. yielded a
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new manzamine alkaloid zamamidine D, which was active against Cryptococcus neoformans
IFM62681and Trichophyton mentagrophytes IFM62679 with 1Csy values of 2 and 8 pg/mL,
respectively (Kubota et al., 2017). Recently, Shaala et al. (2021) discovered two dimeric
alkaloids fusaripyridines A and B from the organic extract of the fungus Fusarium sp. LY019
associated with Red Sea sponge Suberea mollis. Both compounds exhibited antifungal activity

versus C. albicans with MIC value of 8.0 uM.

In a recent study, the analysis of South China Sea fungus Talaromyces mangshanicus
BTBU20211089 resulted in the discovery of seven new compounds such as talaromydene,
talaromylectone, talaromanloid A, ditalaromylectones A and B, 10-hydroxy-8-
demethyltalaromydine, and 11-hydroxy-8-demethyltalaromydine, along with seven known
natural products. Among these compounds, ditalaromylectones A and B exhibited antifungal
activity towards C. albicans with an MIC value of 200 pg/mL (Zhang et al., 2022).
Indolepyrazines A and B, obtained from marine based Acinetobacter sp. ZZ1275, exhibited
antifungal activity against C. albicans with MIC value of 12-14 pg/mL (Anjum et al., 2019).
Furthermore, two diketopiperazine alkaloids cyclo(L-Phe-cis-4-OH-D-Pro) and cyclo(L-Phe-
trans-4-OH-L-Pro) were isolated from a sponge Callyspongia siphonella derived actinomycete
strain Streptomyces coelicolor LY001. Both compounds were more active against C. albicans
with MIC of 32 pg/mL (Shaala et al., 2020). Eutypellenoid B, isolated from Arctic fungi
Eutypella sp. D-1, displayed inhibitory effect towards C. albicans, C. parapsilosis, C. tropicalis,
and C. glabrata with MIC values of 8, 8, 32, and 16 pg/mL, respectively (Yu et al., 2018a).
Some examples of marine based alkaloids exhibiting antifungal activities are presented in Table

4.
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2. Antibacterial

Alkaloids groups such as pyrrolidines, pyrrolizidines, indoles, quinazolines, quinolines,
diketopiperazines, and purines exhibit antibacterial activities. Mechanism of action of
antibacterial activity of most alkaloids is the inhibition of efflux pump (Cushnie et al., 2014).
Recently, Wang et al. (2022a) identified six novel phenethylamine-containing alkaloids,
dispyridine, discolins A and B, dispyrrole, and dispyrrolopyridine A and B, from predatory
bacterium Tenacibaculum discolor svll. Among these compounds, dispyrrole exhibited
moderate inhibitory activity towards Gram-positive bacteria. Dispyrrolopyridine A and B
displayed strong activity against B. subtilis DSM10, Mycobacterium smegmatis ATCC607, S.
aureus ATCC25923, and L. monocytogenes DSM20600 with MIC values ranging from 0.5 to 4
ng/mL, whereas dispyrrolopyridine A showed potent activity against efflux pump deficient E.

coli ATCC25922 (MIC = 8 pug/mL) and Caenorhabditis elegans N, (MIC = 32 pg/mL).

Exploration of deep-sea sediment-derived fungus Aspergillus fumigatus SCSI041012 yielded
two new alkaloids fumigatosides E and F (Figure 9) along with five known compounds. Among
these compounds, fumigatosides F exhibited antibacterial activity against Acinetobacter
baumannii ATCC 19606 with a MIC value of 6.25 ng/mL (Limbadri et al., 2018). Pyrrospirone
C-—F and I (Figure 9), obtained from Fungus Penicillium sp. ZZ380, derived from a wild crab
(Pachygrapsus crassipes), inhibited the growth of Gram-negative E. coli and Gram-positive S.
aureus with MIC values of 3.0 ug/mL and 1.7 pg/mL, respectively (Song et al., 2019). A list of

alkaloid compounds with the potential antibacterial activities is presented in Table 5.

3. Antiviral

Sun et al. (2015) isolated several tetramic acid derivatives containing a decalin ring, such as

trichobotrysins A, B and D, from the culture of fungal stain Trichobotrys effuse, collected from
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deep sea sediment of South China Sea. These natural products exhibited potential activity
towards HSV-1 with ICsy values of 3.08, 9.37 and 3.12 uM, respectively. Recently, El-
Demerdash and coworkers explored the antiviral potential of fourteen structurally diverse
brominated tyrosine alkaloids against five SARS-CoV-2 proteins. Among all tested compounds,
the polybrominated alkaloid, fistularin-3, exhibited antiviral properties against protease, spike
glycoprotein, nucleocapsid phosphoprotein, membrane glycoprotein and non-structural protein of

SARS-CoV-2 (El-Demerdash et al., 2021).

Chemical investigation of marine-derived fungus Penicillium raistrickii yielded Raistrickindole
A and raistrickin, exhibiting in vitro antiviral activity against Hepatitis C virus with Es, values of
5.7 and 7.0 uM, respectively (Li et al., 2019a). Neosartoryadins A and B, having pyrido [2,1-b]-
quinazoline framework and a tetrahydrofuran ring, were purified from the endophytic fungus
Neosartorya udagawae. Both Neosartoryadins A and B inhibited the activity of HINI with ICsg
values of 66 and 58 uM, respectively (Yu et al., 2016). Trypilepyrazinol, extracted from marine-
derived fungus Penicillium sp., displayed antiviral properties towards human immunodeficiency
virus (HIV) and hepatitis C virus with ICsy values of 4.6 and 7.7 uM, respectively (Li et al.,
2019b). Polycitone A, an aromatic alkaloid isolated from Polycitor sp. (ascidian), inhibited the

reverse transcriptase and DNA polymerases of HIV and retroviruses (Loya et al., 1999).

4, Anticancer

A large number of cyclic nitrogen and amine-containing alkaloids derived from marine sources
displayed potent anticancer activities. Vincristine is an example of established anticancer
alkaloid drug, which can induce apoptosis in tumor cells with 1Csy values of 0.1 uM (Donoso et
al., 1977). Several scientists have investigated the anticancer properties of marine alkaloids. In a

recent study, Wang et al. (2020) identified that ascomylactam A, an alkaloid isolated from
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mangrove endophytic fungus Ascomycota sp., suppressed the growth of A549 and NCI-H460
tumor cells (6 mg/kg/day) in male BALB/c-nu mice. Moreover, (—)-Agelamide D (1), isolated
from marine sponge Agelas sp., aided the cancer treatment in xenograft Hep3B cells by
increasing the radiation therapy efficiency (Choi et al., 2020). Recently, Dyshlovoy et al. (2020)
reported that monanchoxymycalin C, isolated from marine sponge Monanchora pulchra, possess
cytotoxic activity towards human prostate cancer by JNK1/2 activation and non-apoptotic cell

death. Antiviral activities of some marine derived alkaloids are given in Table 6.

In another study, 4-chlorofascaplysin, found in marine sponges, exhibited antiangiogenic activity
in mice with human breast cancer MDAMB- 231 via decreasing VEGFs levels (Sharma et al.,
2017). Medellin et al. (2016) reported that C2-substituted 7-deazahypoxanthine showed
inhibitory effect of tumor growth in animals xenografted with colon cancer SW620. Moreover,
reduction of tumor growth in epidermoid-nasopharyngeal and colon cell lines was observed in
nude mice supplemented with neoamphimedine, extracted from marine sponge Xestospongia sp.

(Marshall et al., 2003).

C. Polyketides

Polyketides are a large group of biologically active secondary metabolites with varying chemical
structures and functionalities. Polyketides contain various [-hydroxyaldehyde and p-
hydroxyketone functional groups and are highly oxygenated. Examples of polyketides include

macrolides, polyols, polyethers, and aromatic compounds.

1. Antifungal

Marine-derived antifungal polyketides include aurantosides, forazoline, hippolachnin, and

woodylide. Aurantosides are a group of compounds produced by sponge genera Theonella,
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Siliquariaspongia, and Homophymia. They contain a N-glycosidic part of one to three
monosaccharides and a tetramate ring with a mono- or dichlorinated long conjugated polyene
chain (Kumar et al., 2012; Angawi et al., 2011). Aurantosides were originally obtained as
antifungal and cytotoxic constituents and later found to inhibit binding of interleukin-6 to its
receptors (Beutler et al., 1988; Schabacher and Zeeck, 1973). Aurantosides A and B are
polyketide metabolites isolated from the marine sponge Theonella swinhoei (Matsunaga et al.,
1991). Wolf et al. (1999) isolated aurantoside C from the Philippine sponge Homophymia

conferta (Theonellidae).

Later, Sata et al. (1999) isolated aurantosides D, E, and F, new polyene tetramic acids comprising
an N-trisaccharide units, from the marine sponge Siliquariaspongia japonica. Their structures
were determined by spectral and chemical methods, and the NMR data of the previously
discovered aurantosides A and B were reinvestigated. It was found that aurantosides A, B, D, and
E exhibited potential antifungal effect towards Aspergillus fumigatus and Candida albicans.
Angawi et al. (2011) isolated a new aurantoside J along with three known aurantosides G-I from
an Indonesian sponge Theonella swinhoei. The antifungal activity of these four compounds were
tested against four Candida and one Fusarium fungal strains, which cause fungal infections in
immune-compromised patients. Only aurantosides G and I exhibited detectable antifungal effect.
Aurantoside I showed strong antifungal activity against all the tested strains, particularly towards
C. albicans, C. tropicalis, and C. glabrata, while aurantoside G exhibited only moderate to poor
effect towards all the tested strains with the MICqg of 4-16 pg/mL. The C18 polyene chain and
three sugar chains linked to the tetramate ring by the nitrogen atom of the compound Aurantoside
I are responsible for the inhibition of the growth of five fungal strains. Aurantoside K, a novel

tetramic acid glycoside, was discovered from a marine sponge Melophlus sp. This compound
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displayed antifungal effect towards wild type C. albicans and amphotericin-resistant C. albicans
with the MIC values of 1.95 and 31.25 pg/mL, respectively. In addition, it showed potent
inhibitory activity against pathogenic Penicillium sp., Sordaria sp., Aspergillus niger,
Cryptococcus neoformans, and Rhizopus sporangia (Kumar et al., 2012). Figure 10 depicts the

chemical structures of Aurantoside A-I.

Wyche et al. (2014) isolated forazoline A (Figure 11), a novel polyketide, from a marine
invertebrate-associated bacteria Actinomadura sp. Forazoline A exhibited in vivo antifungal
activity against C. albicans in a mouse model by affecting their cell membranes via
dysregulating the phospholipid homeostasis. Chemical investigation of South China Sea sponge
Hippospongia lachne resulted in the discovery of Hippolachnin A (Figure 11), a polyketide with
a four-membered ring and an unprecedented carbon skeleton. This compound exhibited potential
inhibitory activity at MIC value of 0.41 pM against pathogenic fungi Trichophyton rubrum,
Cryptococcus neoformans, and Microsporum gypseum (Piao et al., 2013). Yu et al. (2012)
identified three novel polyketides woodylides A-C (Figure 11) from Southern China Sea sponge
Plakortis simplex, collected from Xisha islands. Woodylides A and C displayed moderate
antifungal effect towards fungi Cryptococcus neoformans with ICsy values of 3.67 and 10.85

pg/mL, respectively.

2. Antibacterial

Erythromycin, belongs to macrolide class, is an established antibiotic drug for various infections
with MIC values in the range of 0.25 to 2 ug/mL against S. aureus (Champney, 2003).
Difficidins, a class of polyketides, were derived from a heterotrophic Bacillus amyloliquefaciens
MTCCI12713 associated with the red macroalga Kappaphycus alvarezii. Difficidin analogues

displayed antibacterial effect towards methicillin-resistant Staphylococcus aureus, vancomycin-
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resistant Enterococcus faecalis, and other drug-resistant strains, namely Pseudomonas
aeruginosa and Klebsiella pneumonia with the MIC values in the range of 2-9 x 10 uM
(Chakraborty et al., 2021). The compound 5-methoxydihydrosterigmatocystin, extracted from
Aspergillus versicolor MF359 associated with a marine sponge Hymeniacidon perleve, exhibited
antibacterial effect against B. subtilis and S. aureus with MIC values of 3.125 and 12.5 pg/mL,
respectively (Song et al., 2014b). A polyketide compound, produced by the filamentous
actinomycete SCA-7 (Alkhobar marine region), exhibited bactericidal activity against Gram-
positive Enterococcus sp. (Almalki, 2020). The compound a,2,5-trihydroxyacetophenone, an
aromatic polyketide extracted from marine based fungus Pseudopithomyces maydicus PSU-
AMF350, exhibited bactericidal activity against Acinetobacter baumannii, S. aureus, and A.
baumannii (MIC = 200 pg/mL) and methicillin-resistant S. aureus (MIC = 128 ng/mL) (Ningsih

et al., 2022).

Yao et al. (2014) isolated engyodontiumones A-H and eight known polyketides from the deep-
sea fungus Engyodontium album DFFSCS021. They found that engyodontiumones H,
aspergillusone B, and AGI-B4 (Figure 12) inhibited the growth of B. subtilis and E. coli.
Chemical investigation of deep-sea sediment derived fungus Emericella sp. SCSIO 05240
yielded four new prenylxanthones, emerixanthones A-D, along with six known analogues.
Emerixanthones A and C (Figure 12) were weakly active against Klebsiella pneumonia, Acineto
bacterbaumannii, E. coli, S. aureus, Aeromonas hydrophila, and Enterococcus faecalis
(Fredimoses et al., 2014). An anthraquinone compound, isorhodoptilometrin-1-methyl ether
(extracted from A. versicolor) was active against three Gram-positive bacterial strains B. subtilis,
B. cereus, and S. aureus (Hawas et al., 2012). Trichodermaquinone and trichodermaxanthone,

along with eleven known compounds were identified from the marine based fungus Trichoderma
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aureoviride PSU-F95. Among these compounds, coniothranthraquinone 1 (Figure 12) and
emodin showed potent inhibitory effect towards methicillin-resistant S. aureus with MIC values

of 8 and 4 pg/mL, respectively (Khamthong et al., 2012).

3. Antiviral

Acyclovir, structurally resembling to polyketide, is a drug used to treat chickenpox and herpes
virus infections with ICsy values between 0.12 and 10.8 pg/mL against varicella zoster virus
(FDA, 2019). Truncateol M, an isoprenylated cyclohexanols, was isolated from a sponge
(Amphimedon sp.) derived fungus Truncatella angustata from South China Sea. It suppressed
influenza virus by inhibiting HIN1 virus with an 1Csy value of 8.8 uM (Zhao et al., 2015).
Asteltoxins E and F, isolated from marine-derived fungus Aspergillus sp., displayed inhibitory
activity towards H3N2 with the ICsy values of 6.2 and 8.9 uM, respectively, whereas Asteltoxin
E showed antiviral property towards HIN1 with an ICsy value of 3.5 uM (Tian et al., 2015).
Huang et al. (2018) isolated neoabyssomicin D from marine derived Streptomyces koyangensis
exhibiting mild antiviral activity towards herpes simplex virus at a concentration of 10 uM.
Pestalotiolide A, obtained from a marine based fungus Pestalotiopsis sp., displayed considerable

anti-EV71 activity in vitro with an 1Cs value of 27.7 uM (Jia et al., 2015).

A weak in vitro antiviral activity was exhibited by coniochaetone J, extracted from a deep-sea
derived sediment fungus Penicillium sp., against EV71 with an ICs value of 81.6 uM (Liu et al.,
2017a). Chemical investigation of deep-sea derived fungus Spiromastix sp. led to the discovery
of several phenolic lactones such as spiromastilactones B, D-G, I-J and L. These compounds
showed inhibitory activities against WSN influenza virus with 1Cs, values ranging from 6.0 to

74.9 uM (Niu et al., 2016). Wailupemycin J and R-Wailupemycin K, purified from the cultures
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of Streptomyces sp. associated with the marine green algae, Ulva prolifera (formerly

Enteromorpha prolifera), suppressed the activity of HLIN1 virus (Liu et al., 2017D).

D. Polyphenols

Polyphenols are secondary metabolites containing multiple phenol rings. Phenolics produce by
marine organism display a wide array of biological activities including anticancer activity. Based
on their chemical structures, they are classified into different groups, including flavonoids,

phenolic acids, lignans, and stilbenes.

1. Antibacterial

Song et al. (2018) isolated penicipyrrodiether A, a phenol A derivative, from a marine associated
fungus Penicillium sp. ZZ380 and examined their antibacterial activities. It was found that
penicipyrrodiether A exhibited inhibitory activity against methicillin-resistant S. aureus with a

MIC values of 5.0 pg/mL.

2. Anticancer

Excellent antioxidant property (radical scavenging) of the phenolics is responsible for their
anticancer activity since reactive oxygen species (ROS) initiate the growth and proliferation of
cancer cells (Aggarwal et al., 2019). In addition, alteration of the proliferation signal pathways
and reduction of the telomerase expression are also included in the mechanisms of anticancer
property of phenolic compounds (Mateos and Pérez-Correa, 2020). Different types of phenolic
metabolites such as flavonoids, pholorotannins, coumarins, bromophenols, quinones,

hydroquinones, and terpenophenolics exhibit anticancer activities.

Investigation of fungus Penicillium chrysogenum cultured from a gorgonian Carijoa sp. (South

China Sea) yielded a flavone, penimethavone A. This compound displayed anticancer activities
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towards rhabdomyosarcoma and cervical cancer (HeLa) cell lines with ICs, values of 8.18 and
8.41 uM, respectively (Hou et al., 2016). Phloroglucinol (pholorotannins), isolated from brown
seaweeds, enhanced the anticancer effects of 5-fluorouracil towards HT29 colorectal cancer cell
lines (Lopes-Costa et al., 2017). Two coumarin compounds, alternariol and alternariol methyl
ether, were extracted from the fungus Alternaria alternata collected from soft coral Litophyton
arboreum, collected from the Egyptian Red Sea coast. Alternariol displayed antiproliferative
activities verses leukemia cell lines such as L1210 and CCRF-CEM, while alternariol methyl
ether showed antitumor activities towards the leukemia cell lines of H-125 and Colon-38 (Hawas

etal., 2015).

Qu et al. (2019) isolated four angucycline glycosides (quinones and hydroquinones) from
marine-derived Streptomyces sp. OC1610.4 and investigated their cytotoxic activities. Among
which, moromycin B, saquayamycin B;, and saquayamycin B exhibited potent antitumor
activities towards breast cancer cells MCF-7, MDA-MB-231, and BT-474 with ICs, values in the
range of 0.16-0.67 pM. Bis (2,3-dibromo-4,5-dihydroxy-phenyl)-methane, a bromophenol
compound derived from marine algae, exhibited anticancer activity on different tumor cells such
as RKO, HeLa, U87, Bel7402, and HCT116 with ICsy values of 11.37, 17.63, 23.69, 8.7, and
10.58 pg/mL, respectively (Wu et al., 2015b). Laurebiphenyl, a terpenophenolic compound
isolated from red macroalga Laurencia tristicha, showed moderate antiproliferative activity
against stomach cancer (BGC-823), lung adenocarcinoma (A549), colon cancer (HCT-8),
hepatoma (Bel 7402), and HeLa cell lines with ICs, values of 1.22, 1.68, 1.77, 1.91, and 1.61
ng/mL, respectively (Sun et al., 2005). Anticancer activities of certain marine phenolics are

depicted in Table 7.
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Considering the in vivo studies, dieckols, isolated from seaweeds Eisenia bicyclis, Ecklonia cava,
and Ecklonia stolonifera, were administered to ovarian carcinoma induced Bald/c athymic
female nude mouse for four weeks. Results of the study showed that dieckols suppressed the
tumor growth of ovarian cancer (Ahn et al., 2015). Similarly, Sadeeshkumar et al. (2017) showed
that dieckols acted against N-nitrosodiethylamine-induced hepatocarcinogenesis in male albino

Wistar rats through promotion of apoptosis and modulation of cell proliferation.

E. Terpenoids

Terpenoids (isoprenoid compounds), derived from five carbon isoprene units, are a large group
of natural compounds present in nature. A wide range of terpenoid structures with varying
structural properties are synthesized by marine organisms. Different classes of marine terpenoids
include monoterpenes, sesquiterpenes, diterpenes, triterpenes, sesterterpenes, and meroterpenes

(Gozari et al., 2021).

1. Antifungal

Asolkar and coworkers isolated marinocyanin A-F, bromo-phenazinone meroterpenoids, from the
cultures of CNS-284 and CNY-960 strains of actinomycetes collected from the marine sediments
of Solomon Islands. Among these compounds, marinocyanin A exhibited potent antifungal
activity towards amphotericin resistant C. albicans with MIC value equal to 0.95 mM (Asolkar et
al., 2017). Insuetolides A, a meroterpenoid extracted from cultures of fungi Aspergillus insuetus
(0Y-207) associated with Mediterranean sponge Psammocinia sp., showed moderate antifungal

properties against Neurospora crassa with a MIC value of 140 mM (Cohen et al., 2011).
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2. Antibacterial

Micromonohalimane B, isolated from actinomycete Micromonospora sp. associated with
ascidian, Symplegma brakenhielmi, displayed moderate antibacterial effect on methicillin-
resistant S. aureus with MIC value of 40 mg/mL (Zhang et al., 2016). Xiamycin B, indosespene,
sespenine, and xiamycin A, extracted from Streptomyces sp. derived from mangrove, displayed
antibacterial effect on methicillin-resistant S. aureus and vancomycin-resistant Enterococcus
faecalis (Ding et al., 2010). Marine fungus Cochliobolus lunatus SCSI041401yielded three new
eremophilane sesquiterpenes dendryphiellins H-J. Among these compounds, dendryphiellin I
exhibited potent antibacterial activity against S. aureus, Pasteurella multocida, and
Erysipelothrix rhusiopathiae with MIC values of 1.5, 13, and 13 mg/mL, respectively (Fang et

al., 2018).

3. Antiviral

Stachybonoid A, a meroterpenoid, was isolated from fungus Stachybotrys chartarum, derived
from a crinoid (Himerometra magnipinna) from China. This compound inhibited the replication
of dengue virus (DENV) (Zhang et al., 2017). Chrodrimanins K and N, meroterpenoids obtained
from the cultures of Penicillium sp. associated with a marine worm, showed antiviral activity
against HIN1 with ICsy values of 74 and 58 uM, respectively (Kong et al., 2017). Cao et al.
(2019) discovered Talaromyolide D from a marine fungus Talaromyces sp. possessing inhibitory
activity against pseudorabies virus. Xiamycin A, an indolosesquiterpene, isolated from
mangrove-derived Streptomyces sp., exhibited selective anti-viral effect on HIV by blocking the

RS strain (Ding et al., 2010).

Moreover, Stachybogrisephenone B, isolated from the sponge associated fungus Stachybotry sp.,

exhibited antiviral effect against EV71 (enterovirus 71) with an ICsy value of 30.1 uM (Qin et
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al., 2015). Recently, investigated the anti-SARS-CoV-2 potency of sixty-eight antiviral
terpenoids isolated from marine sources using an advanced molecular docking study. Among all
tested terpenoids, brevione F and stachyflin displayed inhibitory activity towards
SARS—CoV-MP"°, while xiamycin, liouvilloside B, thyrsiferol, stachyflin, and liouvilloside A

showed better docking scores towards SARS-CoV-2—RdRp (Sahoo et al., 2021).

4, Anticancer

Paclitaxel, a terpenoid compound, is a well-known chemotherapeutic agent marketed under the
trade name Taxol, among others. The ICsy value of paclitaxel towards varying human tumor cell
lines is in the range of 2.5 to 7.5 nm (Liebmann et al., 1993). This compound was also found in
byproducts of hazelnuts (Hoffman and Shahidi, 2009). Cryptosphaerolide, a sesquiterpenoid
derived from an ascidian-derived ascomycete strain, CNL-52, exhibited considerable cytotoxic
effect towards HCT-116 cell line with 1Csy values of 4.5 mM (Oh et al., 2010). Fermentation
broth of a fungus Paraconiothyrium cf. Sporulosum isolated from sponge Ectyplasia perox
(Lauro Club Reef, Dominica) yielded a meroterpenoid called Epoxyphomalins A-E.
Epoxyphomalin D displayed cytotoxic effect on prostate PC3M and bladder BXF1218L cancer
cell lines with ICsy values of 0.72 and 1.43 mM, respectively (Mohamed et al., 2010).
Saccharoquinoline, a cytotoxic alkaloidal meroterpenoid, was extracted from the fermentation
broth of marine-based bacteria Saccharomonospora sp. CNQ-490. This compound showed

potent cytotoxic effect on HCT-116 cancerous cell line (Le et al., 2019).

Chemical investigation of fermentation extract of Streptomyces sp. yielded a meroterpenoid,
guanahanolide A, which found to have moderate cytotoxicity against HCT-116, HTB-26, and
MCF-7 human cancer cell lines with ICsy values of 11.9, 10.1, and 7.8 uM, respectively

(Marchbank et al., 2020). Pestalachloride B and E and a mixture of pestalalactone atropisomers
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were extracted from fungus Pestalotiopsis heterocornis derived from sponge Phakellia fusca.
These compounds exhibited cytotoxic activity towards human cancer cell lines such as BGC-
823, H460, PC-3, and SMMC-7721 with ICsy values in the range of 6.8—87.8 uM (Lei et al.,

2017).

F. Steroids

Steroids and sterols (steroid alcohol), a subgroup of steroids, are important class of organic

compounds naturally occurring in marine sources.

1. Antifungal

Wang et al. (2013) isolated seven novel polyoxygenated steroids, along with seven known
analogues from Sarcohyton sp., a soft coral from South China sea. Result of this study stated that
these compounds exhibited varying antifungal activities against Microbotrym violcem and
Septoria tritici in in vitro bioassays. Moreover, it is reported that 11 a-acetoxy group might

contribute towards the antifungal activity.

2. Antibacterial

Investigation of dendronephthya soft coral collected from Zhejing province, China, resulted in
the discovery of four novel steroids, dendronecholones A-D, and two known analogues nanjiol A
and 12 B ,16 B ,20-trihydroxycholesta-1,4-dien-3-one 16-acetate. The antibacterial activities of
these compounds were tested against thirteen pathogenic Vibrios. It was found that
dendronecholones C and nanjiol A exhibited antibacterial activity against V. parahaemolyticus
with MIC values of 8 pg/mL. Meanwhile, dendronecholones A, B, and nanjiol A showed
inhibitory activities towards V. harveyi with MIC values of 32, 8, and 8 pg/mL, respectively and

all the compounds inhibited the growth of V. scophthalmi with MIC values between 8 and 32
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pg/mL (Wang et al., 2022b). Moreover, polyoxygenated steroids isolated from soft coral
Sarcohyton sp. exhibited antibacterial activities against E. coli and B. megaerium (Wang et al.,

2013).

3. Antiviral

Comin et al. (1999) purified polyhydroxysteroids from the Brittle Star Astrotoma agassizzi.
These compounds were shown to inhibit the growth of three human pathogenic viruses,
namely junin virus, herpes simplex virus-2, and polio virus. Exploration of marine based fungus
Penicillium sp. IMB17-046 resulted in the extraction of a new ergostane analogue, 3[-
hydroxyergosta-8,14,24(28)-trien-7-one. This molecule exhibited a wide range of inhibitory
activities targeting different types of viruses such as HIV and influenza-A virus with 1Cs, values

of 3.5 uM and 0.5 uM, respectively (Li et al., 2019b).

Analysis of the extracts of Cladosporium sp., derived from marine sponge, yielded a highly
oxygenated sterol Cladosporisteroid B, which displayed weak antiviral properties towards H3N2
with an ICsy value of 16.2 uM [240]. A pregnane 3a-hydroxy-7-ene-6,20-dione, isolated from
fungus Cladosporium sp. derived from a gorgonian Dichotella gemmacea (South China Sea),
exhibited inhibitory activity towards the respiratory syncytial virus with the ICsy value of 0.12

uM (Yu et al., 2018b).

4, Anticancer

Potential anticancer activity of seven steroids such as five 4a-methylated steroids and two 19-
oxygenated steroids, identified from soft coral Litophyton mollis, has been reported (Eissa et al.,
2023). Two isolated 19- oxygenated steroids showed strong cytotoxic effect towards MCF-7

tumor cell lines with I1Csy values 8.6 and 8.4 uM, respectively, and exhibited moderate activities
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in NCI-1299 cancer cell lines with ICsy values of 15.7 and 15.1 pM, respectively. In addition,
two compounds included in the group of 4a-methylated steroids displayed weak cytotoxic effect
against MCF-7, NCI-1299, and HepG2 cancer cell lines with ICs values between 34.7 - 37.5 and

30.8 - 46.3 uM, respectively (Eissa et al., 2023).

IV.  Evolution of marine derived drugs

There were several drugs derived from marine organisms that had been approved across various
therapeutic areas or were in various stages of development. According to Malve (2016), marine
pharmaceuticals undergoing clinical development include 13 compounds in various phases of
clinical trials. Moreover, a substantial number of compounds and molecules derived from marine
species are undergoing preclinical tastings. As of now, there are six distinct categories of
approved therapeutic agents that can be regarded as derivatives of marine natural products. As
mentioned in the introduction, two nucleosides, spongothymidine and spongouridine, were
discovered from Caribbean sponge Tethya crypta in 1951. These compounds let to the synthesis
of sugar modified nucleoside analog vidarabine and the related compound cytarabine, which
were the first US FDA approved drugs derived from marine sources in the years of 1969 and
1976, respectively. Cytarabine remains in current usage, whereas vidarabine has been
discontinued both in US and Europe (Abdelmohsen et al., 2017). Additionally, these compounds
can serve as templets for the development of antiviral drugs that that are commercially available
(Shahriari et al., 2022).

The first FDA-approved drug directly derived from a marine source is w-conotoxin MVIIA
ziconotide (Prialt), a peptide toxin isolated from cone snail venom, and it is used for pain control
(Schroeder and Lewis, 2006). Similarly, ecteinascidin 743 (trabectedin, Yondelis), derived from

the tunicate Ecteinascidia turbinate, was the first anticancer FDA approved drug directly isolated
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from marine resources (Erba et al., 2001). Besides, examples of approved marine derived drugs
include eribulin mesylate (a synthetic derivative of the polyketide halichondrin B), brentuximab
vedotin, Lovaza (a mixture of two ethyl esters of fish-derived ®-3 polyunsaturated fatty
acids), Vascepa (pure EPA ethyl ester -3 polyunsaturated fatty acid), and Epanova (mixture of
three free -3 polyunsaturated fatty acids).

Furthermore, the global clinical pipeline for marine pharmaceuticals comprises 23 compounds
currently undergoing Phase III, II, or I stages of drug development. Compounds in phase III
include plitidepsin, plinabulin, tetrodotoxin, and soblidotin (TZT 1027), while in phase II include
DMXBA (GTS-21), gelmbatumumab vedotin, ellsidepsin, PM 1004, tasidotin, synthadotin (ILX-
651), and pseudopterpsins and phase I comprise of bryostatin 1, pinatuzumab vedotin (DCDT-
2980S) and (DCDS-4501A), hemiasterlin (E7974), HuMax®-TF-ADC, and marizomib. In
addition, a large number of marine based compounds are in the preclinical testing pipelines such
as chrysophaentin A, phenethylamine, floridosides, pulicatin A, dysidine, capnellane, hymenidin,

dysideamine, callyspongidiol and among others (Malve, 2016).

V. Challenges and future trends

Despite the vast potential of marine organisms for the discovery of novel therapeutic compounds,
the development of marine-derived pharmaceutical faces several challenges. For instance,
environmental conditions of the ocean play a major role in the types of metabolites produced by
the same organism each time, which vary with the fluctuating environmental conditions (Martins
et al.,, 2014). The harvesting of rare or slow-growing marine organisms for pharmaceutical
research could lead to the overexploitation and ecosystem disruption. Therefore, sustainable
harvesting practices need to be developed to ensure the conservation of marine biodiversity. In

terms of pharmaceutical study, few grams of the primary compound are required for preclinical
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drug development and safety studies, however quantities in kilograms are needed for clinical
study in different phases. Thus, availability of primary compound can be an issue because low
abundance of such compound makes it technically difficult to isolate from the marine species. In
such case, research and development of several extremely potential marine based novel
pharmaceutical compounds in clinical studies are held back due to the lack of sustainable supply

of the candidate compound (Molinski et al., 2009).

To overcome this limitation, synthetic or hemisynthetic analogues of marine derivatives with
desired pharmacological properties can be developed using biotechnological approaches, such as
genetic engineering and synthetic biology. This can optimize and scale up the production of
valuable pharmaceuticals from marine organisms (Papon et al., 2022). Furthermore, marine
microorganisms are proven to be rich sources of marine derived natural products. Advances in
metagenomics allow researchers to study the genetic material of entire microbial communities.
Exploring the genetic material of microbiomes associated with marine organisms using advances
in metagenomics could lead to the discovery of novel bioactive compounds with pharmaceutical
potential (Dokania et al., 2023). Besides, marine organisms can be cultivated in controlled
environments or through aquaculture to ensure a sustainable supply of key compounds with

therapeutic potential, which can reduce the concern related to conservation of marine species.

VI. Conclusion

The marine environment is a rich source of both biological and chemical diversity. Over the past
50 years, approximately 30,000 natural products have been reported from marine flora and fauna.
The majority of these natural products have been obtained from sessile soft bodied invertebrates,

such as sponges and tunicates. This diversity has been the source of unique chemical compounds
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with the potential for industrial development as functional foods, nutraceuticals, and
pharmaceuticals. Major factors for the increasing rate of mortality globally include cancer and
microbial infection. Therefore, discovery of novel therapies to treat cancer and microbial
infection is a crucial requirement. Marine natural products, namely bioactive peptides,
polyphenols, polyketides, terpenoids, alkaloids, and sterols, exhibit promising antifungal,
antibacterial, antiviral, and anticancer activities. Marine natural products are responsible for the
genesis of 60% of cancer drugs and 75% of infectious disease treatments. This review emphases
the role of marine bioactive compounds such as peptides, alkaloids, polyketides and polyphenols
against fungal, bacterial, and viral infections and cancers. At present, most of the studies related
to the health effects of marine natural products are carried out using in vitro and in vivo mouse
models. Although few compounds are under clinical trials and several compounds are in the
preclinical pipeline, the number of approved marine based drugs are very low. Therefore, the
current screening for promising natural products and their research and development in the
pharmaceutical industry should be increased along with a large-scale rapid screening method and
large number of compounds undergoing pre-clinical and clinical studies. Moreover, efficient
technologies are need for higher extraction efficiency, screening of individual component for a
target function and their preservation. These novel technologies should be used to target

optimally for marine drug research, development, approval, and marketing in commercial levels.
Acknowledgement: We are grateful to NSERC for financial support.

Conflict of interest: No author has an actual or perceived conflict of interest with the contents of

this article.
Data Availability: NA

Authorship Contribution:

43

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Conceptualization, Fereidoon Shahidi; Writing of the original draft, Sarusha Senthiravel; Final

review and editing, Fereidoon Shahidi and Deepika Dave.
References

Abdelmohsen UR, Balasubramanian S, Oelschlaeger TA, Grkovic T, Pham NB, Quinn RJ, and
Hentschel U (2017) Potential of marine natural products against drug-resistant fungal, viral, and

parasitic infections. Lancet Infect Dis 17(2): e30-e41.

Acosta J, Montero V, Carpio Y, Velazquez J, Garay HE, Reyes O, Cabrales A, Masforrol Y,
Morales A, and Estrada MP (2013) Cloning and functional characterization of three novel

antimicrobial peptides from tilapia (Oreochromis niloticus). Aquaculture 372: 9-18.

Agarwal S, Singh V, and Chauhan K (2023) Antidiabetic potential of seaweed and their
bioactive compounds: A review of developments in last decade. Crit Rev Food Sci Nutr 63(22):

5739-5770.

Aggarwal V, Tuli HS, Varol A, Thakral F, Yerer MB, Sak K, Varol M, Jain A, Khan A, and
Sethi G (2019) Role of reactive oxygen species in cancer progression: molecular mechanisms

and recent advancements. Biomolecules 9(11): 735.

Agostini-Costa TS, Bizzo VRF, Silveira HR, and Gimenes D (2012) Secondary metabolites, in
CHROMATOGRAPHY AND ITS APPLICATIONS (Dhanarasu DS eds) pp 131-164, In Tech,

Brazil.

Ahmed EF, Rateb ME, El-Kassem A, and Hawas UW (2017) Anti-HCV protease of
diketopiperazines produced by the Red Sea sponge-associated fungus Aspergillus

versicolor. Appl Biochem Microbiol 53(1): 101-106.

44

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Ahn JH, Yang Y|, Lee KT, and Choi JH (2015) Dieckol, isolated from the edible brown algae
Ecklonia cava, induces apoptosis of ovarian cancer cells and inhibits tumor xenograft growth. J

cancer Res Clin Oncol 141: 255-268.

Akram W, Rihan M, Ahmed S, Arora S, Ahmad S, and Vashishth R (2023) Marine-Derived
Compounds Applied in Cardiovascular Diseases: Submerged Medicinal Industry. Mar Drugs

21(3): 193.

Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa FM, and Al-Mssallem MQ (2022)

Flavonoids as potential anti-inflammatory molecules: A review. Mol 27(9): 2901.

Alamgir ANM and Alamgir ANM (2018) Phytoconstituents - active and inert constituents,
metabolic pathways, chemistry and application of phytoconstituents, primary metabolic products,
and bioactive compounds of primary metabolic origin, in THERAPEUTIC USE OF
MEDICINAL PLANTS AND THEIR EXTRACTS: VOLUME 2: PHYTOCHEMISTRY AND

BIOACTIVE COMPOUNDS (Alamgir ANM eds) pp 25-164, Springer, Cham.

Almalki MA (2020) Isolation and characterization of polyketide drug molecule from
Streptomyces species with antimicrobial activity against clinical pathogens. J Infect Public

Health 13(1): 125-130.

Alves A, Sousa E, Kijjoa A, and Pinto M (2020) Marine-derived compounds with potential use

as cosmeceuticals and nutricosmetics. Molecules 25(11): 2536.

Ambavane V, Tokdar P, Parab R, Sreekumar ES, Mahajan GB, Mishra PD, D’Souza L, and
Ranadive P (2014) Caerulomycin A-An antifungal compound isolated from marine

actinomycetes. Adv Microbiol 04(09): 567-578.

45

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Andersen RJ and Stonard RJ (1979) Clionamide, a major metabolite of the sponge Cliona celata

Grant. Can J Chem 57(17): 2325-2328.

Angawi RF, Bavestrello G, Calcinai B, Dien HA, Donnarumma G, Tufano MA, Paoletti I,
Grimaldi E, Chianese G, Fattorusso E, and Taglialatela-Scafati O (2011) Aurantoside J: A new
tetramic acid glycoside from Theonella swinhoei. Insights into the antifungal potential of

aurantosides. Mar Drugs 9(12): 2809-2817.

Anjum K, Kaleem S, Yi W, Zheng G, Lian X, and Zhang Z (2019) Novel antimicrobial
indolepyrazines A and B from the marine-associated Acinetobacter sp. ZZ1275. Mar

Drugs17(2): 89.

Antimicrobial Resistance. Available online https://www.who.int/news-room/fact-

sheets/detail/antimicrobial-resistance (accessed on 22, December, 2023).

Asolkar RN, Singh A, Jensen PR, Aalbersberg W, Carté BK, Feussner KD, Subramani E,
DiPasquale A, Rheingold AL, and Fenical W (2017) Marinocyanins, cytotoxic bromo-
phenazinone meroterpenoids from a marine bacterium from the streptomycete clade

MARA4. Tetrahedron 73(16): 2234-2241.

Bae JS, Jung JM, An CM, Kim JW, Hwang SD, Kwon MG, Park MA, Kim MC, and Park ClI
(2016) Piscidin: antimicrobial peptide of rock bream, Oplegnathus fasciatus. Fish Shellfish

Immunol 51: 136-142.

Bae M, Kim H, Moon K, Nam SJ, Shin J, Oh KB, and Oh DC (2015) Mohangamides A and B,
new dilactone-tethered pseudo-dimeric peptides inhibiting Candida albicans isocitrate lyase. Org

Lett 17(3): 712-715.

46

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Barreiro C and Ullan RV (2016) DNA-synthesizing enzymes as antibacterial targets, in NEW
WEAPONS TO CONTROL BACTERIAL GROWTH (Villa TG and Vinas M eds) pp 95-114,

Springer, Cham.

Barrow C and Shahidi F (2007) Marine Nutraceuticals and Functional Foods, 15t ed. CRC press,

Boca Raton, Florida, USA.

Bergmann W and Feeney RJ (1951) Contributions to the study of marine products. XXXII. The

nucleosides of sponges. J Org Chem 16: 981-987.

Beutler JA, Hilton BD, Clark P, Tempesta MS, and Corley DG (1988) Absolute and relative

configuration of erythroskyrin. J Nat Prod 51(3): 562-566.

Branddo P, Moreira J, Almeida J, Nazareth N, Sampaio-Dias IE, Vasconcelos V, Martins R,
Ledo P, Pinto M, Saraiva L, and Cidade H (2020) Norhierridin B, a new hierridin B-based

hydroquinone with improved antiproliferative activity. Molecules 25(7): 1578.

Buonocore F, Randelli E, Casani D, Picchietti S, Belardinelli MC, de Pascale D, De Santi C, and
Scapigliati G (2012) A piscidin-like antimicrobial peptide from the icefish Chionodraco hamatus
(Perciformes: Channichthyidae): molecular characterization, localization and bactericidal

activity. Fish Shellfish Immunol 33(5): 1183-1191.

Cao X, Shi Y, Wu X, Wang K, Huang S, Sun H, Dickschat JS, and Wu B (2019) Talaromyolides
A-D and talaromytin: polycyclic meroterpenoids from the fungus Talaromyces sp. CX11. Org

Lett 21(16): 6539-6542.

Cardoso J, Akayama DG, Sousa E, and Pinto E. (2020) Marine-derived compounds and

prospects for their antifungal application. Molecules 25(24): 5856.

a7

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Carroll AR, Copp BR, Grkovic T, Keyzers RA, and Prinsep MR (2024) Marine natural

products. Nat Prod Rep 41(2): 162-207.

Cerezo AB, Labrador M, Gutiérrez A, Hornedo-Ortega R, Troncoso AM, and Garcia-Parrilla
MC (2019) Anti-VEGF signalling mechanism in HUVECs by melatonin, serotonin,

hydroxytyrosol and other bioactive compounds. Nutr 11(10): 2421.

Chakraborty K, Kizhakkekalam VK, Joy M, and Dhara S (2021) Difficidin class of polyketide
antibiotics from marine macroalga-associated Bacillus as promising antibacterial agents. Appl

Microbiol Biotechnol 105(16): 6395-6408.

Champney W (2003) Bacterial ribosomal subunit assembly is an antibiotic target. Curr Top Med

Chem 3(9): 929-947.

Chen B, Fan DQ, Zhu KX, Shan ZG, Chen FY, Hou L, Cai L, and Wang KJ (2015) Mechanism
study on a new antimicrobial peptide Sphistin derived from the N-terminus of crab histone H2A

identified in haemolymphs of Scylla paramamosain. Fish Shellfish Immunol 47(2): 833-846.

Chen Y, Zhao H, Zhang X, Luo H, Xue X, Li Z, and Yao B (2013) Identification, expression and
bioactivity of Paramisgurnus dabryanus B-defensin that might be involved in immune defense

against bacterial infection. Fish Shellfish Immunol 35(2): 399-406.

Cheung RCF, Ng TB, and Wong JH (2015) Marine peptides: Bioactivities and applications. Mar.

Drugs 13(7): 4006-4043.

Choi C, Cho Y, Son A, Shin SW, Lee YJ, and Park HC (2020) Therapeutic Potential of (—)-
Agelamide D, a Diterpene Alkaloid from the Marine Sponge Agelas sp., as a Natural

Radiosensitizer in Hepatocellular Carcinoma Models. Mar Drugs 18(10): 500.

48

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Chu MJ, Tang XL, Qin GF, Sun YT, Li L, de Voogd NJ, Li PL, and Li GQ (2017) Pyrrole
derivatives and diterpene alkaloids from the South China Sea sponge Agelas nakamurai. Chem.

Biodivers 14(7): e1600446.

Cohen E, Koch L, Thu KM, Rahamim Y, Aluma Y, Illan M, Yarden O, and Carmeli S (2011)
Novel terpenoids of the fungus Aspergillus insuetus isolated from the Mediterranean sponge

Psammocinia sp. collected along the coast of Israel. Bioorg Med Chem 19(22): 6587-6593.

Comin MJ, Maier MS, Roccatagliata AJ, Pujol CA, and Damonte EB (1999) Evaluation of the
antiviral activity of natural sulfated polyhydroxysteroids and their synthetic derivatives and

analogs. Steroids 64(5): 335-340.

Cragg GM, Newman DJ, and Weiss RB (1997) Coral reefs, forests, and thermal vents: the

worldwide exploration of nature for novel antitumor agents. Semin Oncol 24(2): 156-163.

Cruz-Monserrate Z, Vervoort HC, Bai R, Newman DJ, Howell SB, Los G, Mullaney JT,
Williams MD, Pettit GR, Fenical W, and Hamel E (2003) Diazonamide A and a synthetic
structural analog: disruptive effects on mitosis and cellular microtubules and analysis of their

interactions with tubulin. Mol Pharmacol 63(6): 1273-1280.

Cunha SA and Pintado ME (2022) Bioactive peptides derived from marine sources: Biological

and functional properties. Trends Food Sci Technol 119: 348-370.

Cushnie TT, Cushnie B, and Lamb AJ (2014) Alkaloids: An overview of their antibacterial,

antibiotic-enhancing and antivirulence activities. Int J Antimicrob Agents 44(5): 377-386.

Das D, Arulkumar A, Paramasivam S, Lopez-Santamarina A, del Carmen Mondragon A, and

Miranda Lopez JM (2023) Phytochemical constituents, antimicrobial properties and bioactivity

49

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

of marine red seaweed (Kappaphycus alvarezii) and seagrass (Cymodocea

serrulata). Foods 12(14): 2811.

Demain AL and Sanchez S (2009) Microbial drug discovery: 80 years of progress. J Antibiot

62(1): 5-16.

Ding L, Munch J, Goerls H, Maier A, Fiebig HH, Lin WH, and Hertweck C (2010) Xiamycin, a
pentacyclic indolosesquiterpene with selective anti-HIV activity from a bacterial mangrove

endophyte. Bioorg Med Chem Lett 20(22): 6685-6687.

Dokania P, Fopase R, Swagathnath G, Vivekanand, Gupta K, Pabari P, Sahoo KK, and Sarkar A
(2023) Future Marine Microbial Products for the Pharmaceuticals Industry, in MICROBIAL

PRODUCTS FOR FUTURE INDUSTRIALIZATION, pp. 199-221, Springer Nature, Singapore.

Donoso JA, Green LS, Heller-Bettinger IE, and Samson FE (1977) Action of the vinca alkaloids
vincristine, vinblastine, and desacetyl vinblastine amide on axonal fibrillar organelles in

vitro. Cancer Res 37(5): 1401-1407.

Dyshlovoy SA and Honecker F (2020) Marine compounds and cancer: Updates 2020. Mar.

Drugs 18(12): 643.
Dyshlovoy SA and Honecker F (2022) Marine Compounds and Cancer: Updates. Mar Drugs
20(12): 759.

Dyshlovoy SA, Kaune M, Kriegs M, Hauschild J, Busenbender T, Shubina LK, Makarieva TN,
Hoffer K, Bokemeyer C, Graefen M, Stonik VA, and von Amsberg G (2020) Marine alkaloid
monanchoxymycalin C: A new specific activator of JNK1/2 kinase with anticancer

properties. Sci Rep 10(1): 1-14.

50

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Eissa AH, Abdel-Tawab AM, AE Hamed ES, EI-Ablack FZ, and N Ayyad SE (2023) Cytotoxic
evaluation of new polyhydroxylated steroids from the Red Sea soft coral Litophyton mollis

(Macfadyen, 1936). Nat Prod Res 1-9.

El-Demerdash A, Hassan A, Abd El-Aziz TM, Stockand JD, and Arafa RK (2021) Marine
Brominated Tyrosine Alkaloids as Promising Inhibitors of SARS-CoV-2. Molecules 26(20):

6171.

El-Hossary EM, Cheng C, Hamed MM, Hamed ANES, Ohlsen K, Hentschel U, and
Abdelmohsen UR (2017) Antifungal potential of marine natural products. Eur J Med Chem 126:

631-651.

Elabboubi M, Bennani L, Ainane A, Charaf S, Bouhadi M, Elkouali MH, Talbi M, Cherroud S,
and Annane T (2019) Treatment of mycoses by essential oils: Mini Review. J Anal Sci Appl

Biotechnol 1(2): 1-2.

Erba E, Bergamaschi D, Bassano L, Damia G, Ronzoni S, Faircloth GT, and d'Incalci M (2001)
Ecteinascidin-743 (ET-743), a natural marine compound, with a unique mechanism of

action. Eur J Cancer 37(1): 97-105.

Espinel-Ingroff A (2003) Evaluation of broth microdilution testing parameters and agar diffusion
Etest procedure for testing susceptibilities of Aspergillus spp. to caspofungin acetate (MK-

0991). J Clin Microbiol 41(1): 403-409.

Fang W, Wang J, Wang J, Shi L, Li K, Lin X, Min Y, Yang B, Tang L, Liu Y, and Zhou X
(2018) Cytotoxic and antibacterial eremophilane sesquiterpenes from the marine-derived fungus

Cochliobolus lunatus SCS1041401. J Nat Prod 81(6): 1405-1410.

51

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

FDA (2019). ZOVIRAX. Available online

https://www.accessdata.fda.gov/drugsatfda docs/label/2019/018603s0301bl.pdf (accessed

on 23, July, 2024).

Florean C, Schnekenburger M, Lee JY, Kim KR, Mazumder A, Song S, Kim JM, Grandjenette
C, Kim JG, Yoon AY, Dicato M, Kim KW, Christov C, Han BW, Proksch P, and Diederich M
(2016) Discovery and characterization of Isofistularin-3, a marine brominated alkaloid, as a new
DNA demethylating agent inducing cell cycle arrest and sensitization to TRAIL in cancer

cells. Oncotarget 7(17): 24027.

Ford PW, Gustafson KR, McKee TC, Shigematsu N, Maurizi LK, Pannell LK, Williams DE, de
Silva ED, Lassota P, Allen TM, Soest RV, Andersen RJ, and Boyd MR (1999) Papuamides A—
D, HIV-inhibitory and cytotoxic depsipeptides from the Sponges Theonella mirabilis and

Theonella swinhoei collected in Papua New Guinea. J Am Chem Soc 121(25): 5899-5909.

Fredimoses M, Zhou X, Lin X, Tian X, Ai W, Wang J, Liao S, Liu J, Yang B, Yang X, and Liu
Y (2014) New prenylxanthones from the deep-sea derived fungus Emericella sp. SCSIO

05240. Mar Drugs 12(6): 3190-3202.

Freile ML, Giannini F, Pucci G, Sturniolo A, Rodero L, Pucci O, Balzaeti V, and Enriz RD
(2003) Antimicrobial activity of aqueous extracts and of berberine isolated from Berberis

heterophylla. Fitoterapia 74(7-8): 702-705.

Galinier A, Delan-Forino C, Foulquier E, Lakhal H, and Pompeo F (2023) Recent advances in

peptidoglycan synthesis and regulation in bacteria. Biomol 13(5): 720.

Gao B, Zhao D, Li L, Cheng Z, and Guo Y (2021) Antiviral peptides with in vivo activity:

Development and modes of action. Chempluschem 86(12): 1547-1558.

52

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/018603s030lbl.pdf
http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Ge H, Xu C, ChenH, Liu L, Zhang L, Wu C, Lu Y, Yao Q (2022) Traditional Chinese medicines
as effective reversals of epithelial-mesenchymal transition induced-metastasis of colorectal

cancer: molecular targets and mechanisms. Front Pharmacol. 13: 842295.

Geigert J (2023) Starting Materials for Manufacturing the Biopharmaceutical Drug Substance.
in THE CHALLENGE OF CMC REGULATORY COMPLIANCE FOR

BIOPHARMACEUTICALS, pp. 183-229, Cham, Springer Nature Switzerland.

Ghosh S, Marrocco I, and Yarden Y (2020) Roles for receptor tyrosine kinases in tumor

progression and implications for cancer treatment. Adv Cancer Res 147: 1-57.

Gozari M, Alborz M, EI-Seedi HR, and Jassbi AR (2021) Chemistry, biosynthesis and biological
activity of terpenoids and meroterpenoids in bacteria and fungi isolated from different marine

habitats. Eur J Med Chem 210: 112957.

Gui L, Zhang P, Zhang Q, and Zhang J (2016) Two hepcidins from spotted scat (Scatophagus

argus) possess antibacterial and antiviral functions in vitro. Fish Shellfish Immunol 50: 191-199.

Guo XC, Xu LL, Yang RY, Yang MY, Hu LD, Zhu HJ, and Cao F (2019) Anti-vibrio indole-
diterpenoids and C-25 epimeric steroids from the marine-derived fungus Penicillium

janthinellum. Front Chem 7: 80.

Gutiérrez M, Suyama TL, Engene N, Wingerd JS, Matainaho T, and Gerwick WH (2008)
Apratoxin D a potent cytotoxic cyclodepsipeptide from Papua New Guinea collections of the

marine cyanobacteria Lyngbya majuscula and Lyngbya sordida. J Nat Prod 71(6): 1099-1103.

Guzman EA, Maers K, Roberts J, Kemami-Wangun HV, Harmody D, and Wright AE (2015)
The marine natural product microsclerodermin A is a novel inhibitor of the nuclear factor kappa

B and induces apoptosis in pancreatic cancer cells. Invest New Drugs 33(1): 86-94.

53

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Haga A, Tamoto H, Ishino M, Kimura E, Sugita T, Kinoshita K, Takahashi K, Shiro M, and
Koyama K (2013) Pyridone alkaloids from a marine-derived fungus, Stagonosporopsis
cucurbitacearum, and their activities against azole-resistant Candida albicans. J Nat Prod 76(4):

750-754.

Hawas UW, El-Beih AA, and El-Halawany AM (2012) Bioactive anthraquinones from
endophytic fungus Aspergillus versicolor isolated from red sea algae. Arch Pharm Res 35(10):

1749-1756.

Hawas UW, El-Desouky S, El-Kassem A, and Elkhateeb W (2015) Alternariol derivatives from
Alternaria alternata, an endophytic fungus residing in red sea soft coral, inhibit HCV NS3/4A

protease. Appl Biochem Microbiol 51(5): 579-584.

He F, Bao J, Zhang XY, Tu ZC, Shi YM, and Qi SH (2013) Asperterrestide A, a cytotoxic cyclic
tetrapeptide from the marine-derived fungus Aspergillus terreus SCSGAF0162.J Nat Prod

76(6): 1182-1186.

Hoffman A and Shahidi F (2009) Paclitaxel and other taxanes in hazelnut. J Funct Foods 1(1):

33-37.

Hou XM, Wang CY, Gu YC, and Shao CL (2016) Penimethavone A, a flavone from a

gorgonian-derived fungus Penicillium chrysogenum. Nat Prod Res 30(20): 2274-2277.

Hsu JC, Lin LC, Tzen JT, and Chen JY (2011) Pardaxin-induced apoptosis enhances antitumor

activity in HeL a cells. Peptides 32(6): 1110-1116.

Huang H, Song Y, Li X, Wang X, Ling C, Qin X, Zhou Z, Li Q, Wei X, and Ju J (2018)
Abyssomicin monomers and dimers from the marine-derived Streptomyces koyangensis SCSIO

5802. J Nat Prod 81(8): 1892-18098.

54

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Huang Q, Ma C, Chen L, Luo D, Chen R, and Liang F (2018) Mechanistic insights into the
interaction between transcription factors and epigenetic modifications and the contribution to the

development of obesity. Front Endocrinol 9: 370.

Ireland CM, Copp BR, Foster MP, McDonald LA, Radisky DC, and Swersey JC (1993)
Biomedical potential of marine natural products. in PHARMACEUTICAL AND BIOACTIVE

NATURAL PRODUCTS (Attaway DH and Zaborsky OR eds) pp. 1-43, Springer, Boston, MA.

Jia YL, Guan FF, Ma J, Wang CY, and Shao CL (2015) Pestalotiolide A, a new antiviral
phthalide derivative from a soft coral-derived fungus Pestalotiopsis sp. Nat Prod Sci 21(4): 227-

230.

Kang K, Fong WP, and Tsang PWK (2010) Novel antifungal activity of purpurin against

Candida species in vitro. Med Mycol 48(7): 904-911.

Karim MRU, In Y, Zhou T, Harunari E, Oku N, and Igarashi Y (2021) Nyuzenamides A and B:
Bicyclic peptides with antifungal and cytotoxic activity from a marine-derived Streptomyces

sp. Org Lett 23(6): 2109-2113.

Kausar S, Said Khan F, Ishag Mujeeb Ur Rehman M, Akram M, Riaz M, Rasool G, Hamid Khan
A, Saleem I, Shamim S, and Malik A (2021) A review: Mechanism of action of antiviral drugs.

Int J Immunopathol Pharmacol 35: 20587384211002621.

Kelecom A (2002) Secondary metabolites from marine microorganisms. An Acad Bras Ciénc 74:

151-170.

Khalifa SA, Elias N, Farag MA, Chen L, Saeed A, Hegazy MEF, Moustafa MS, EI-Wahed AA,

Al-Mousawi SM, Musharraf SG, Chang FR, lwasaki A, Suenaga K, Alajlani M, Goransson U,

55

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

and El-Seedi HR (2019) Marine natural products: A source of novel anticancer drugs. Mar

Drugs 17(9): 491.

Khamthong N, Rukachaisirikul V, Tadpetch K, Kaewpet M, Phongpaichit S, Preedanon S, and
Sakayaroj J (2012) Tetrahydroanthraquinone and xanthone derivatives from the marine-derived

fungus Trichoderma aureoviride PSU-F95. Arch Pharm Res 35(3): 461-468.

Khan MT, Ali A, Wang Q, Irfan M, Khan A, Zeb MT, Zhang YJ, Chinnasamy S, and Wei DQ
(2021) Marine natural compounds as potents inhibitors against the main protease of SARS-CoV-

2—a molecular dynamic study. J Biomol Struct Dyn 39(10): 3627-3637.

Khursheed M, Ghelani H, Jan RK, and Adrian TE (2023) Anti-Inflammatory Effects of
Bioactive Compounds from Seaweeds, Bryozoans, Jellyfish, Shellfish and Peanut Worms. Mar

Drugs 21(10): 524.

Kon Y, Kubota T, Shibazaki A, Gonoi T, and Kobayashi, J.I. (2010) Ceratinadins A—C, new
bromotyrosine alkaloids from an Okinawan marine sponge Pseudoceratina sp. Bioorganic Med

Chem Lett 20(15): 4569-4572.

Kong FD, Ma QY, Huang SZ, Wang P, Wang JF, Zhou LM, Yuan JZ, Dai HF, and Zhao YX
(2017) Chrodrimanins K—N and related meroterpenoids from the fungus Penicillium sp. SCS-

KFDOQ9 isolated from a marine worm, Sipunculus nudus. J Nat Prod 80(4): 1039-1047.

Kotoku N, Kato T, Narumi F, Ohtani E, Kamada S, Aoki S, Okada N, Nakagawa S, and
Kobayashi M (2006) Synthesis of 15, 20-triamide analogue with polar substituent on the phenyl
ring of arenastatin A, an extremely potent cytotoxic spongean depsipeptide. Bioorgsnic Med

Chem 14(22): 7446-7457.

56

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Kubota T, Nakamura K, Kurimoto Sl, Sakai K, Fromont J, Gonoi T, and Kobayashi JI (2017)
Zamamidine D, a manzamine alkaloid from an Okinawan Amphimedon sp. marine sponge. J.

Nat. Prod 80(4): 1196-1199.

Kubota T, Nakamura K, Sakai K, Fromont J, Gonoi T, and Kobayashi JI (2016) Hyrtinadines C
and D, new azepinoindole-type alkaloids from a marine sponge Hyrtios sp. Chem Pharm Bull
64(7): 975-978.

Kubota T, Watase S, Sakai K, Fromont J, Gonoi T, and Kobayashi JI (2015) Tyrokeradines G
and H, new bromotyrosine alkaloids from an Okinawan Verongid sponge. Bioorganic Med Chem

Lett 25(22): 5221-5223,

Kumar R, Subramani R, Feussner KD, and Aalbersberg W (2012) Aurantoside K, a new
antifungal tetramic acid glycoside from a Fijian marine sponge of the genus Melophlus. Mar
Drugs 10(1): 200-208.

Lachia M and Moody CJ (2008) The synthetic challenge of diazonamide A, a macrocyclic indole

bis-oxazole marine natural product. Nat Prod Rep 25(2): 227-253.

Lagrouh F, Dakka N, and Bakri Y (2017) The antifungal activity of Moroccan plants and the

mechanism of action of secondary metabolites from plants. J Mycol Med 27(3): 303-311.

Le TC, Lee EJ, Lee J, Hong A, Yim CY, Yang I, Choi H, Chin J, Cho SJ, Ko J, Hwang H, Nam
SJ, and Fenical W (2019) Saccharoquinoline, a cytotoxic alkaloidal meroterpenoid from marine-

derived bacterium Saccharomonospora sp. Mar Drugs 17(2): 98.

Lee YJ, Park JH, Park SA, Joo NR, Lee BH, Lee KB, and Oh SM (2020) Dieckol or
phlorofucofuroeckol extracted from Ecklonia cava suppresses lipopolysaccharide-mediated

human breast cancer cell migration and invasion. J Appl Phycol 32(1): 631-640.

57

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Lei H, Lin X, Han L, Ma J, Ma Q, Zhong J, Liu Y, Sun T, Wang J, and Huang X (2017) New
metabolites and bioactive chlorinated benzophenone derivatives produced by a marine-derived

fungus Pestalotiopsis heterocornis. Mar Drugs 15(3): 69.

Li F, Peifer C, Janussen D, and Tasdemir D (2019c) New discorhabdin alkaloids from the

Antarctic deep-sea sponge Latrunculia biformis. Mar Drugs 17(8): 439.

Li HX, Lu XJ, Li CH, and Chen J (2015) Molecular characterization of the liver-expressed
antimicrobial peptide 2 (LEAP-2) in a teleost fish, Plecoglossus altivelis: antimicrobial activity

and molecular mechanism. Mol Immunol 65(2): 406-415.

Li J, Hu Y, Hao X, Tan J, Li F, Qiao X, Chen S, Xiao C, Chen M, Peng Z, and Gan M (2019a)
Raistrickindole A, an anti-HCV oxazinoindole alkaloid from Penicillium raistrickii IMB17-
034. J Nat Prod 82(5): 1391-1395.

Li J, Wang Y, Hao X, Li S, Jia J, Guan Y, Peng Z, Bi H, Xiao C, Cen S, and Gan M (2019b)
Broad-spectrum antiviral natural products from the marine-derived Penicillium sp. IMB17-

046. Molecules 24(15): 2821.

Li WT, Luo D, Huang JN, Wang LL, Zhang FG, Xi T, Liao JM, and Lu Y'Y (2018) Antibacterial

constituents from Antarctic fungus, Aspergillus sydowii SP-1. Nat Prod Res 32(6): 662-667.

Li Y, Qian ZJ, Kim MM, and Kim SK (2011) Cytotoxic activities of phlorethol and
fucophlorethol derivatives isolated from Laminariaceae Ecklonia cava. J Food Biochem 35(2):

357-369.

Liang X, Nong XH, Huang ZH, Qi SH (2017) Antifungal and antiviral cyclic peptides from the
deep-sea-derived fungus Simplicillium obclavatum EIODSF 020.J Agric Food Chem 65(25):

5114-5121.

58

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Liao Z, Wang XC, Liu HH, Fan MH, Sun JJ, and Shen W (2013) Molecular characterization of a

novel antimicrobial peptide from Mytilus coruscus. Fish Shellfish Immunol 34(2): 610-616.

Liebmann JE, Cook JA, Lipschultz C, Teague D, Fisher J, and Mitchell JB (1993) Cytotoxic

studies of paclitaxel (Taxol®) in human tumour cell lines. Br J Cancer 68(6): 1104-1109.

Limbadri S, Luo X, Lin X, Liao S, Wang J, Zhou X, Yang B, and Liu Y (2018) Bioactive novel
indole alkaloids and steroids from deep sea-derived fungus Aspergillus fumigatus SCSIO

41012. Molecules 23(9): 2379.

Lincoln RA, Strupinski K, and Walker JM (1991) Bioactive compounds from algae. Life Chem

Rep 8(97): 183.

Lindequist U (2016) Marine-derived pharmaceuticals - challenges and opportunities. Biomol

Ther 24(6): 561.

Liu FA, Lin X, Zhou X, Chen M, Huang X, Yang B, and Tao H (2017a) Xanthones and
quinolones derivatives produced by the deep-sea-derived fungus Penicillium sp. SCSIO

Ind16F01. Molecules 22(12): 1999.

Liu H, Chen Z, Zhu G, Wang L, Du Y, Wang Y, and Zhu W (2017b) Phenolic polyketides from

the marine alga-derived Streptomyces sp. OUCMDZ-3434. Tetrahedron 73(36): 5451-5455.

Liu L, Zheng YY, Shao CL, and Wang CY (2019a) Metabolites from marine invertebrates and
their symbiotic microorganisms: Molecular diversity discovery, mining, and application. Mar

Life Sci Technol 1(1): 60-94.

Liu S, Cui YM, and Nan FJ (2008) Total synthesis of the originally proposed and revised

structures of scleritodermin A. Org Lett 10(17), 3765-3768.

59

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Liu YJ, Zhang JL, Li C, Mu XG, Liu XL, Wang L, Zhao YC, Zhang P, Li XD, and Zhang XX
(2019b) Antimicrobial secondary metabolites from the seawater-derived fungus Aspergillus

sydowii SW9. Molecules 24(24); 4596.

Lobine D, Rengasamy KR, and Mahomoodally MF (2022) Functional foods and bioactive
ingredients harnessed from the ocean: Current status and future perspectives. Crit Rev Food Sci

Nutr 62(21): 5794-5823.

Lopes-Costa E, Abreu M, Gargiulo D, Rocha E, Ramos AA (2017) Anticancer effects of
seaweed compounds fucoxanthin and phloroglucinol, alone and in combination with 5-

fluorouracil in colon cells. J Toxicol Environ Health Part A 80(13-15): 776-787.
Lossi L (2022) The concept of intrinsic versus extrinsic apoptosis. Biochem J 479(3): 357-384.

Loya S, Rudi A, Kashman Y, and Hizi A (1999) Polycitone A, a novel and potent general
inhibitor of retroviral reverse transcriptases and cellular DNA polymerases. Biochem J 344(1):

85-92.

Lu Z, Harper MK, Pond CD, Barrows LR, Ireland CM, and Van Wagoner RM (2012) Thiazoline
peptides and a tris-phenethyl urea from Didemnum molle with anti-HIV activity. J Nat Prod

75(8): 1436-1440.

Lu Z, Van Wagoner RM, Harper MK, Baker HL, Hooper JN, Bewley CA, and Ireland CM
(2011) Mirabamides E— H, HIV-inhibitory depsipeptides from the sponge Stelletta clavosa. J

Nat Prod 74(2): 185-193.

Luesch H, Yoshida WY, Moore RE, and Paul VJ (2002) New apratoxins of marine

cyanobacterial origin from Guam and Palau. Bioorg Med Chem 10(6): 1973-1978.

60

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Luo D, Putra MY, Ye T, Paul VJ, and Luesch H. (2019b) Isolation, Structure Elucidation and
Biological Evaluation of Lagunamide D: A New Cytotoxic Macrocyclic Depsipeptide from

Marine Cyanobacteria. Mar. Drugs 17(2): 83.

Luo M, Zang R, Wang X, Chen Z, Song X, Ju J, and Huang H (2019a) Natural hydroxamate-
containing siderophore acremonpeptides A-D and an aluminum complex of acremonpeptide D

from the marine-derived Acremonium persicinum SCSIO 115. J Nat Prod 82(9): 2594-2600.

Ma X, Nong XH, Ren Z, Wang J, Liang X, Wang L, and Qi SH (2017) Antiviral peptides from
marine gorgonian-derived fungus Aspergillus sp. SCSIO 41501. Tetrahedron Lett 58(12): 1151-

1155.

Magden J, Kadridinen L, and Ahola T (2005) Inhibitors of virus replication: recent developments

and prospects. Appl Microbiol Biotechnol 66: 612-621.

Malaker A and Ahmad SAI (2013) Therapeutic potency of anticancer peptides derived from

marine organism. Int J Eng 2: 2305-8269.

Malve H (2016) Exploring the ocean for new drug developments: Marine pharmacology. J

Pharm Bioallied Sci 8(2): 83.

Marchbank DH, Ptycia-Lamky VC, Decken A, Haltli BA, and Kerr RG (2020) Guanahanolide
A, a meroterpenoid with a sesterterpene skeleton from coral-derived streptomyces sp. Org Lett

22(16): 6399-6403,

Marshall KM, Matsumoto SS, Holden JA, Concepcion GP, Tasdemir D, Ireland CM, and
Barrows LR (2003) The anti-neoplastic and novel topoisomerase Il-mediated cytotoxicity of

neoamphimedine, a marine pyridoacridine. Biochem Pharmacol 66(3): 447-458.

61

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Marshall KM, Matsumoto SS, Holden JA, Concepcion GP, Tasdemir D, Ireland CM, and
Barrows LR (2003) The anti-neoplastic and novel topoisomerase Il-mediated cytotoxicity of

neoamphimedine, a marine pyridoacridine. Biochem Pharmacol 66(3): 447-458.

Martins A, Vieira H, Gaspar H, and Santos S (2014) Marketed marine natural products in the

pharmaceutical and cosmeceutical industries: Tips for success. Mar Drugs 12(2): 1066-1101.

Mateos R, Peérez-Correa JR, and Dominguez H (2020) Bioactive properties of marine

phenolics. Mar Drugs 18(10): 501.

Matsunaga S, Fusetani N, Kato Y, and Hirota H (1991) Aurantosides A and B: Cytotoxic
tetramic acid glycosides from the marine sponge Theonella sp. J Am Chem Soc 113(25): 9690-

9692.

Mayer AM and Lehmann VK (2001) Marine pharmacology in 1999: antitumor and cytotoxic

compounds. Anticancer Res 21(4): 2489.

Medellin DC, Zhou Q, Scott R, Hill RM, Frail SK, Dasari R, Ontiveros SJ, Pelly SC, van Otterlo
WAL, Betancourt T, Shuster CB, Hamel E, Bai R, LaBarbera DV, Rogelj S, Frolova LV, and
Kornienko A (2016) Novel microtubule-targeting 7-Deazahypoxanthines derived from marine
alkaloid rigidins with potent in vitro and in vivo anticancer activities. J Med Chem 59(1): 480-

485.

Meng LH, Li XM, Liu Y, and Wang BG (2015) Polyoxygenated dihydropyrano [2, 3-c] pyrrole-
4, 5-dione derivatives from the marine mangrove-derived endophytic fungus Penicillium brocae

MA-231 and their antimicrobial activity. Chin Chem Lett 26(5): 610-612.

62

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Meng LH, Li XM, Liu Y, Xu GM, and Wang BG (2017) Antimicrobial alkaloids produced by
the mangrove endophyte Penicillium brocae MA-231 using the OSMAC approach. RSC Adv

7(87): 55026-55033.

Meng LH, Wang CY, Mandi A, Li XM, Hu XY, Kassack MU, Kurtan T, and Wang BG (2016)
Three diketopiperazine alkaloids with spirocyclic skeletons and one bisthiodiketopiperazine
derivative from the mangrove-derived endophytic fungus Penicillium brocae MA-231. Org Lett

18(20): 5304-5307.

Mishra B and Wang G (2012) The importance of amino acid composition in natural AMPSs: an

evolutional, structural, and functional perspective. Front Immunol 3: 221.

Mohamed IE, Kehraus S, Krick A, Konig GM, Kelter G, Maier A, Malek NP, and Gross H
(2010) Mode of action of epoxyphomalins A and B and characterization of related metabolites

from the marine-derived fungus Paraconiothyrium sp. J Nat Prod 73(12): 2053-2056.

Mohamed SS, Abdelhamid SA, and Ali RH (2021) Isolation and identification of marine

microbial products. J Genet Eng Biotechnol 19(1): 1-10.

Molinski TF, Dalisay DS, Lievens SL, and Saludes JP (2009) Drug development from marine

natural products. Nat Rev Drug Discov 8(1): 69-85.

Momose R, Tanaka N, Fromont J, and Kobayashi JI (2013) Hyrtimomines A-C, New

Heteroaromatic Alkaloids from a Sponge Hyrtios sp. Org Lett 15(8): 2010-2013.

Moon SS, MacMillan JB, Olmstead MM, Ta TA, Pessah IN, and Molinski TF (2002) (+)-7 S-
Hydroxyxestospongin A from the marine sponge Xestospongia sp. and absolute configuration of

(+)-xestospongin D. J Nat Prod 65(3): 249-254.

63

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Moore KS, Wehrli S, Roder H, Rogers M, Forrest Jr JN, McCrimmon D, and Zasloff M (1993)

Squalamine: an aminosterol antibiotic from the shark. Proc Natl Acad Sci 90(4): 1354-1358.

Mori J, Iwashima M, Wakasugi H, Saito H, Matsunaga T, Ogasawara M, Takahashi S, Suzuki H,
and Hayashi T (2005) New plastoquinones isolated from the brown alga, Sargassum

micracanthum. Chem Pharm Bull 53(9): 1159-1163.

Moses VK, Kandi V, and Rao SKD (2020) Minimum inhibitory concentrations of vancomycin
and daptomycin against methicillin-resistant Staphylococcus aureus isolated from various

clinical specimens: A study from south india. Cureus 12(1).

Muniraj N, Siddharth S, and Sharma D (2019) Bioactive compounds: Multi-targeting silver

bullets for preventing and treating breast cancer. Cancers 11(10): 1563.

Nakagawa M, Endo M, Tanaka N, and Gen-Pei L (1984) Structures of xestospongin A, B, C and
D, novel vasodilativecompounds from marine sponge, Xestospongia exigua. Tetrahedron Lett

25(30): 3227-3230.

Nakao Y, Yoshida WY, Takada Y, Kimura J, Yang L, Mooberry SL, and Scheuer PJ (2004)
Kulokekahilide-2, a cytotoxic depsipeptide from a cephalaspidean mollusk Philinopsis

speciosa. J Nat Prod 67(8): 1332-1340.

Naman CB, Rattan R, Nikoulina SE, Lee J, Miller BW, Moss NA, Armstrong L, Boudreau PD,
Debonsi HM, Valeriote FA, Dorrestein PC, and Gerwick WH (2017) Integrating molecular
networking and biological assays to target the isolation of a cytotoxic cyclic octapeptide,

samoamide A, from an American Samoan marine cyanobacterium. J Nat Prod 80(3): 625-633.

Nascimento LBDS, Casanova LM, and Costa SS (2023) Bioactive compounds from Kalanchoe

genus potentially useful for the development of new drugs. Life 13(3): 646.

64

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Newman DJ and Cragg GM (2012) Natural products as sources of new drugs over the 30 years

from 1981 to 2010. J Nat Prod 75(3): 311-335.

Ningsih BNS, Rukachaisirikul V, Pansrinun S, Phongpaichit S, Preedanon S, and Sakayaroj J.
(2022) New aromatic polyketides from the marine-derived fungus Pseudopithomyces maydicus

PSU-AMF350 and their antimicrobial activity. Nat Prod Res 36(19): 4982-4989.

Niu S, Si L, Liu D, Zhou A, Zhang Z, Shao Z, Wang S, Zhang L, Zhou D, and Lin W (2016)
Spiromastilactones: A new class of influenza virus inhibitors from deep-sea fungus. Eur J Med

Chem 108: 229-244.

Novoa B, Romero A, Alvarez AL, Moreira R, Pereiro P, Costa MM, Dios S, Estepa A, Parra F,
and Figueras A (2016) Antiviral activity of myticin C peptide from mussel: An ancient defense

against herpesviruses. J Virol 90(17): 7692-7702.

Nowotarska SW, Nowotarski KJ, Friedman M, and Situ C (2014) Effect of structure on the
interactions between five natural antimicrobial compounds and phospholipids of bacterial cell

membrane on model monolayers. Mol 19(6): 7497-7515.

Oberheide A, Schwenk S, Ronco C, Semmrau LM, Gorls H, and Arndt HD (2019) Synthesis,
structure, and cytotoxicity of urukthapelstatin A polyazole cyclopeptide analogs. Eur J Org

Chem 2019(27): 4320-4326.

Oh H, Jensen PR, Murphy BT, Fiorilla C, Sullivan JF, Ramsey T, and Fenical W (2010)
Cryptosphaerolide, a cytotoxic Mcl-1 inhibitor from a marine-derived ascomycete related to the

genus Cryptosphaeria. J Nat Prod 73(5): 998-1001.

Olano C, Méndez C, and Salas JA (2009) Antitumor compounds from actinomycetes: from gene

clusters to new derivatives by combinatorial biosynthesis. Nat Prod Rep 26(5): 628-660.

65

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Pang L, Weeks SD, Van Aerschot A (2021) Aminoacyl-tRNA synthetases as valuable targets for

antimicrobial drug discovery. Int J Mol Sci 22(4): 1750.

Pang X, Lin X, Wang J, Liang R, Tian Y, Salendra L, Luo X, Zhou X, Yang B, Tu Z, and Liu Y
(2018) Three new highly oxygenated sterols and one new dihydroisocoumarin from the marine

sponge-derived fungus Cladosporium sp. SCSIO41007. Steroids 129: 41-46.

Papon N, Copp BR, and Courdavault V (2022) Marine drugs: Biology, pipelines, current and

future prospects for production. Biotechnol Adv 54: 107871.

Pech-Puch D, Berastegui-Cabrera J, Pérez-Povedano M, Villegas-Herndndez H, Guillén-
Hernandez S, Cautain B, Reyes F, Pachon J, Gomez P, Rodriguez J, Jiménez C, and Sanchez-
Céspedes J (2020) Antiviral and antiproliferative potential of marine organisms from the

Yucatan Peninsula, Mexico. Front Mar Sci 7: 607.

Peng KC, Lee SH, Hour AL, Pan CY, Lee LH, and Chen JY (2012) Five different piscidins from
Nile tilapia, Oreochromis niloticus: analysis of their expressions and biological functions. PloS

one 7(11): e50263.

Pereira L and Valado A (2023) From the ocean to the brain: harnessing the power of marine

algae for neuroprotection and therapeutic advances. Explor Neuroprot Ther 3(6): 409-428.

Pfaller MA, Boyken L, Hollis RJ, Messer SA, Tendolkar S, and Diekema DJ (2006) In vitro
susceptibilities of Candida spp. to caspofungin: four years of global surveillance. J Clin

Microbiol 44(3): 760-763.

Piao SJ, Song YL, Jiao WH, Yang F, Liu XF, Chen WS, Han BN, and Lin HW (2013)
Hippolachnin A, a new antifungal polyketide from the South China sea sponge Hippospongia

lachne. Org Lett 15(14): 3526-3529.

66

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Qin C, Lin X, Lu X, Wan J, Zhou X, Liao S, Tu Z, Xu S, and Liu Y (2015) Sesquiterpenoids and
xanthones derivatives produced by sponge-derived fungus Stachybotry sp. HH1 ZSDS1F1-2. J

Antibiot 68(2): 121-125.

Qin CL, Huang W, Zhou SQ, Wang XC, Liu HH, Fan MH, Wang RX, Gao P, and Liao Z (2014)
Characterization of a novel antimicrobial peptide with chiting-biding domain from Mytilus

coruscus. Fish Shellfish Immunol 41(2): 362-370.

Qu H, Chen B, Peng H, and Wang K (2013) Molecular cloning, recombinant expression, and
antimicrobial activity of EC-hepcidin3, a new four-cysteine hepcidin isoform from Epinephelus

coioides. Biosci Biotechnol Biochem 77(1): 103-110.

Qu XY, Ren JW, Peng AH, Lin SQ, Lu DD, Du QQ, Liu L, Li X, Li EW, and Xie WD (2019)
Cytotoxic, anti-migration, and anti-invasion activities on breast cancer cells of angucycline

glycosides isolated from a marine-derived Streptomyces sp. Mar Drugs 17(5): 277.

Quinto EJ, Caro I, Villalobos-Delgado LH, Mateo J, De-Mateo-Silleras B, and Redondo-Del-Rio

MP (2019) Food safety through natural antimicrobials. Antibiotics 8(4): 208.

Roch P, Beschin A, and Bernard E (2004) Antiprotozoan and antiviral activities of non-cytotoxic
truncated and variant analogues of mussel defensin. Evid Based Complementary Altern

Med 1(2): 167-174.

Roel M, Rubiolo JA, Guerra-Varela J, Silva SB, Thomas OP, Cabezas-Sainz P, Sanchez L,
Lopez R, and Botana LM (2016) Marine guanidine alkaloids crambescidins inhibit tumor growth
and activate intrinsic apoptotic signaling inducing tumor regression in a colorectal carcinoma

zebrafish xenograft model. Oncotarget 7(50): 83071.

67

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Roll DM, Ireland CM, Lu HS, and Clardy J (1988) Fascaplysin, an unusual antimicrobial

pigment from the marine sponge Fascaplysinopsis sp. J Org Chem 53(14): 3276-3278.

Romano G, Almeida M, Varela Coelho A, Cutignano A, Gongalves LG, Hansen E, Khnykin D,
Mass T, RamSak A, Rocha MS, Silva TH, Sugni M, Ballarin L, and Geneviére AM (2022)
Biomaterials and bioactive natural products from marine invertebrates: From basic research to

innovative applications. Mar Drugs 20(4): 219.

Ruangsri J, Kitani Y, Kiron V, Lokesh J, Brinchmann MF, Karlsen BO, and Fernandes JM
(2013) A novel beta-defensin antimicrobial peptide in Atlantic cod with stimulatory effect on

phagocytic activity. PLoS One 8(4): e62302.

Sadeeshkumar V, Duraikannu A, Ravichandran S, Kodisundaram P, Fredrick WS, and
Gobalakrishnan R (2017) Modulatory efficacy of dieckol on xenobiotic-metabolizing enzymes,
cell proliferation, apoptosis, invasion and angiogenesis during NDEA-induced rat

hepatocarcinogenesis. Mol Cell Biochem 433: 195-204.

Sahoo A, Fuloria S, Swain SS, Panda SK, Sekar M, Subramaniyan V, Panda M, Jena AK,
Sathasivam KV, and Fuloria NK (2021) Potential of marine terpenoids against SARS-CoV-2: An

in silico drug development approach. Biomedicines 9(11): 1505.

Salger SA, Cassady KR, Reading BJ, and Noga EJ (2016) A diverse family of host-defense
peptides (piscidins) exhibit specialized anti-bacterial and anti-protozoal activities in fishes. PLoS

One 11(8): e0159423.

Santo L, Siu KT, and Raje N (2015) Targeting cyclin-dependent kinases and cell cycle

progression in human cancers. Sem oncol 42(6): 788-800.

68

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Sata UN, Matsunaga S, Fusetani N, and van Soest RW (1999) Aurantosides D, E, and F: New
Antifungal Tetramic Acid Glycosides from the Marine Sponge Siliquariaspongia japonica. J Nat

Prod 62(7): 969-971.

Schabacher K and Zeeck A (1973) Lipomycine, II die konstitution von o-und JB-

lipomycin. Tetrahedron Lett 14(29): 2691-2694.

Schmidt EW, Raventos-Suarez C, Bifano M, Menendez AT, Fairchild CR, and Faulkner DJ
(2004) Scleritodermin A, A Cytotoxic cyclic peptide from the lithistid sponge Scleritoderma

nodosum. J Nat Prod 67(3): 475-478.

Schroeder CI and Lewis RJ (2006) w-conotoxins GVIA, MVIIA and CVID: SAR and clinical

potential. Mar Drugs 4(3): 193-214.

Seo JK, Lee MJ, Go HJ, Kim YJ, and Park NG (2014) Antimicrobial function of the GAPDH-
related antimicrobial peptide in the skin of skipjack tuna, Katsuwonus pelamis. Fish Shellfish

Immunol 36(2): 571-581.

Seo JK, Lee MJ, Go HJ, Park TH, and Park NG (2012) Purification and characterization of
YFGAP, a GAPDH-related novel antimicrobial peptide, from the skin of yellowfin tuna,

Thunnus albacares. Fish Shellfish Immunol 33(4): 743-752.

Seo JK, Lee MJ, Nam BH, and Park NG (2013) cgMolluscidin, a novel dibasic residue repeat
rich antimicrobial peptide, purified from the gill of the Pacific oyster, Crassostrea gigas. Fish

Shellfish Immunol 35(2) : 480-488.

Shaala LA and Youssef DT (2021) Hemimycalins C—E; Cytotoxic and Antimicrobial Alkaloids
with Hydantoin and 2-Iminoimidazolidin-4-one Backbones from the Red Sea Marine Sponge

Hemimycale sp. Mar Drugs 19(12): 691.

69

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Shaala LA, Youssef DT, Alzughaibi TA, and Elhady SS (2020) Antimicrobial chlorinated 3-
phenylpropanoic acid derivatives from the Red Sea marine actinomycete Streptomyces coelicolor

LYO001. Mar Drugs 18(9): 450.

Shabaneh TB, Downey SL, Goddard AL, Screen M, Lucas MM, Eastman A, and Kisselev AF
(2013) Molecular basis of differential sensitivity of myeloma cells to clinically relevant bolus

treatment with bortezomib. PloS one 8(2): e56132.

Shahidi F and Ambigaipalan P (2015) Novel functional food ingredients from marine

sources. Curr Opin Food Sci 2: 123-129.

Shahidi F and Santhiravel S (2022) Novel Marine Bioactives: Application in Functional Foods,

Nutraceuticals, and Pharmaceuticals. J Food Bioact 19: 4-96.

Shahriari S, Monajjemi M, and Mollaamin F (2022) Determination of proteins specification with

SARS-COVID-19 based ligand designing. J Chil Chem Soc 67(2): 5468-5476.

Shamova OV, Orlov DS, Balandin SV, Shramova EIl, Tsvetkova EV, Panteleev PV, Leonova
YF, Tagaev AA, Kokryakov VN, and Ovchinnikova TV (2014) Acipensins novel antimicrobial

peptides from leukocytes of the Russian sturgeon Acipenser gueldenstaedtii. Acta Nat 6: 99-109.

Shan Z, Zhu K, Peng H, Chen B, Liu J, Chen F, Ma X, Wang S, Qiao K, and Wang K (2016)
The new antimicrobial peptide SpHyastatin from the mud crab Scylla paramamosain with
multiple antimicrobial mechanisms and high effect on bacterial infection. Front Microbiol 7:

1140.

Sharma S, Guru SK, Manda S, Kumar A, Mintoo MJ, Prasad VD, Sharma PR, Mondhe DM,

Bharate S, and Bhushan S (2017) A marine sponge alkaloid derivative 4-chloro fascaplysin

70

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

inhibits tumor growth and VEGF mediated angiogenesis by disrupting PI3K/Akt/mTOR

signaling cascade. Chem Biol Interact 275: 47-60.

Shenkarev ZO, Panteleev PV, Balandin SV, Gizatullina AK, Altukhov DA, Finkina El,
Kokryakov VN, Arseniev AS, and Ovchinnikova TV (2012) Recombinant expression and
solution structure of antimicrobial peptide aurelin from jellyfish Aurelia aurita. Biochem Biophys

Res Commun 429(1-2): 63-69.

Shin HJ, Rashid MA, Cartner LK, Bokesch HR, Wilson JA, McMahon JB, and Gustafson KR
(2015) Stellettapeptins A and B, HIV-inhibitory cyclic depsipeptides from the marine sponge

Stelletta sp. Tetrahedron Lett 56(28): 4215-4219.

Shin SC, Ahn IH, Ahn DH, Lee YM, Lee J, Lee JH, Kim HW, and Park H (2017)
Characterization of two antimicrobial peptides from antarctic fishes (Notothenia coriiceps and

Parachaenichthys charcoti). PLoS One 12(1): e0170821.

Simat V, Elabed N, Kulawik P, Ceylan Z, Jamroz E, Yazgan H, Cagalj M, Regenstein JM, and
Ozogul F (2020) Recent advances in marine-based nutraceuticals and their health benefits. Mar

Drugs 18(12): 627.

Simmon TL, Nogle LM, Media J, Valeriote FA, Mooberry SL, and Gerwick WH (2009)
Desmethoxymajusculamide C, a cyanobacterial depsipeptide with potent cytotoxicity in both

cyclic and ring-opened forms. J Nat Prod 72(6): 1011-1016.

Singh IP and Bodiwala HS (2010) Recent advances in anti-HIV natural products. Nat Prod Rep

27(12): 1781-1800.

Smith TE, Pond CD, Pierce E, Harmer ZP, Kwan J, Zachariah MM, Harper MK, Wyche TP,

Matainaho TK, Bugni TS, Barrows LR, Ireland CM, and Schmidt EW (2018) Accessing

71

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

chemical diversity from the uncultivated symbionts of small marine animals. Nat Chem Biol
14(2): 179-185.
Solstad RG, Li C, Isaksson J, Johansen J, Svenson J, Stensvag K, and Haug T (2016) Novel

antimicrobial peptides EeCentrocins 1, 2 and EeStrongylocin 2 from the edible sea urchin

Echinus esculentus have 6-Br-Trp post-translational modifications. PLoS One 11(3): e0151820.

Song F, Ren B, Chen C, Yu K, Liu X, Zhang Y, Yang N, He H, Liu X, Dai H, and Zhang L
(2014b). Three new sterigmatocystin analogues from marine-derived fungus Aspergillus

versicolor MF359. Appl. Microbiol. Biotechnol. 98(8): 3753-3758.

Song R, Wei RB, Luo HY, and Yang ZS (2014a) lIsolation and identification of an
antiproliferative peptide derived from heated products of peptic hydrolysates of half-fin anchovy

(Setipinna taty). J Funct Foods 10: 104-111.

Song T, Chen M, Ge ZW, Chai W, Li XC, Zhang Z, and Lian XY (2018) Bioactive
penicipyrrodiether A, an adduct of GKK1032 analogue and phenol A derivative, from a marine-

sourced fungus Penicillium sp. ZZ380. J Org Chem 83(21): 13395-13401.

Song T, Tang M, Ge H, Chen M, Lian X, and Zhang Z (2019) Novel bioactive penicipyrroether

A and pyrrospirone J from the marine-derived Penicillium sp. ZZ380. Mar Drugs 17(5): 292.

Sottorff I, Kinzel S, Wiese J, Lipfert M, Preullke N, Sénnichsen FD, and Imhoff JF (2019)
Antitumor anthraquinones from an Easter Island Sea Anemone: animal or bacterial origin? Mar

Drugs 17(3): 154.

Srinivasan N, Dhanalakshmi S, and Pandian P (2020) Encouraging leads from marine sources for

cancer therapy a review approach. Pharmacogn J 12(6).

72

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Stan D, Enciu AM, Mateescu AL, lon AC, Brezeanu AC, Stan D, and Tanase, C (2021) Natural
compounds with antimicrobial and antiviral effect and nanocarriers used for their

transportation. Front Pharmacol 12: 723233.

Sukmarini L (2022) Antiviral peptides (AVPs) of marine origin as propitious therapeutic drug

candidates for the treatment of human viruses. Molecules 27(9): 26109.

Sun J, Shi D, Ma M, Li S, Wang S, Han L, Yang Y, Fan X, Shi J, and He L (2005)

Sesquiterpenes from the red alga Laurencia tristicha. J Nat Prod 68(6): 915-9109.

Sun YL, Wang J, Wang YF, Zhang XY, Nong XH, Chen MY, Xu XY, and Qi SH (2015)
Cytotoxic and antiviral tetramic acid derivatives from the deep-sea-derived fungus Trichobotrys

effuse DFFSCS021. Tetrahedron 71(49): 9328-9332.

Takahashi Y, Tanaka N, Kubota T, Ishiyama H, Shibazaki A, Gonoi T, Fromont J, and
Kobayashi JI (2012) Heteroaromatic alkaloids, nakijinamines, from a sponge Suberites

sp. Tetrahedron 68(41): 8545-8550.

Tanaka N, Kusama T, Takahashi-Nakaguchi A, Gonoi T, Fromont J, and Kobayashi JI (2013b)
Nagelamides X-Z, dimeric bromopyrrole alkaloids from a marine sponge Agelas sp. Org Lett

15(13): 3262-3265,

Tanaka N, Momose R, Takahashi Y, Kubota T, Takahashi-Nakaguchi A, Gonoi T, Fromont J,
and Kobayashi JI (2013a) Hyrtimomines D and E, bisindole alkaloids from a marine sponge

Hyrtios sp. Tetrahedron Lett 54(31): 4038-4040.

Tanaka N, Momose R, Takahashi-Nakaguchi A, Gonoi T, Fromont J, and Kobayashi JI (2014)
Hyrtimomines, indole alkaloids from Okinawan marine sponges Hyrtios spp. Tetrahedron 70(4):

832-837.

73

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Tareq FS, Lee MA, Lee HS, Lee JS, Lee YJ, and Shin HJ (2014b) Gageostatins A-C,

antimicrobial linear lipopeptides from a marine Bacillus subtilis. Mar Drugs 12(2): 871-885.

Tareq FS, Lee MA, Lee HS, Lee YJ, Lee JS, Hasan CM, Islam T, and Shin HJ (2014a) Non-
cytotoxic antifungal agents: isolation and structures of gageopeptides A-D from a Bacillus strain

109GGC020. J Agric Food Chem 62(24): 5565-5572.

Teng YF, Xu L, Wei MY, Wang CY, Gu YC, and Shao CL (2020) Recent progresses in marine

microbial-derived antiviral natural products. Arch Pharm Res 43(12): 1215-1229.

Tian Y, Lin X, Zhou X, and Liu Y (2018) Phenol derivatives from the sponge-derived fungus

Didymellaceae sp. SCSIO F46. Front Chem 6: 536.

Tian YQ, Lin XP, Wang Z, Zhou XF, Qin XC, Kaliyaperumal K, Zhang TY, Tu ZC, and Liu 'Y
(2015) Asteltoxins with antiviral activities from the marine sponge-derived fungus Aspergillus

sp. SCSIO XWS02F40. Molecules 21(1): 34.

Till M and Prinsep MR (2009) 5-Bromo-8-methoxy-1-methyl-f-carboline, an alkaloid from the

New Zealand marine bryozoan Pterocella vesiculosa. J Nat Prod 72(4): 796-798.

Vasko RC, Rodriguez RA, Cunningham CN, Ardi VC, Agard DA, and McAlpine SR (2010)
Mechanistic studies of Sansalvamide A-amide: an allosteric modulator of Hsp90. ACS Med

Chem Lett 1(1): 4-8.

Vilas Boas LCP, Campos ML, Berlanda RLA, de Carvalho Neves N, and Franco OL (2019)

Antiviral peptides as promising therapeutic drugs. Cell Mol Life Sci 76(18): 3525-3542.

Vilas Boas LCP, de Lima LMP, Migliolo L, Mendes GDS, de Jesus MG, Franco OL, and Silva
PA (2017) Linear antimicrobial peptides with activity against herpes simplex virus 1 and Aichi

virus. Pep Sci 108(2): e22871.

74

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Walker G and White N (2012) Introduction to fungal physiology. in FUNGI: BIOLOGY AND

APPLICATIONS (Kavanagh K eds.) pp 1-34, John Wiley and Sons Ltd, UK.

Wang CK, Shih LY, Chang KY (2017) Large-scale analysis of antimicrobial activities in relation
to amphipathicity and charge reveals novel characterization of antimicrobial peptides. Molecules

22(11): 2037.

Wang G, Hindler JF, Ward KW, and Bruckner DA (2006) Increased vancomycin MICs for
Staphylococcus aureus clinical isolates from a university hospital during a 5-year period. J Clin

Microbiol 44(11): 3883-3886.

Wang L, Huang Y, Huang CH, Yu JC, Zheng YC, Chen Y, She ZG, and Yuan J (2020) A
Marine Alkaloid, Ascomylactam A, suppresses lung tumorigenesis via inducing cell cycle G1/S

arrest through ROS/Akt/Rb pathway. Mar Drugs 18(10): 494.

Wang L, Linares-Otoya V, Liu Y, Mettal U, Marner M, Armas-Mantilla L, Willbold S, Kurtan
T, Linares-Otoya L, and Schéberle TF (2022a) Discovery and Biosynthesis of Antimicrobial
Phenethylamine Alkaloids from the Marine Flavobacterium Tenacibaculum discolor sv11. J Nat

Prod 85(4): 1039-1051.

Wang T, Zou J, Li T, Shao P, Zhou W, Lai Q, Feng Y, Naman B, Yan X, and He S (2022b)
Dendronecholones AD, new anti-Vibrio steroids isolated from East China Sea Dendronephthya

soft coral. Aquac 549: 737727.

Wang Z, Tang H, Wang P, Gong W, Xue M, Zhang H, Liu T, Liu B, Yi Y, and Zhang W (2013)
Bioactive polyoxygenated steroids from the South China sea soft coral, Sarcophyton sp. Mar

Drugs 11(3): 775-787.

75

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Wei L, Gao J, Zhang S, Wu S, Xie Z, Ling G, Kuang YQ, Yang Y, Yu H, and Wang Y (2015)
Identification and characterization of the first cathelicidin from sea snakes with potent
antimicrobial and anti-inflammatory activity and special mechanism.J Biol Chem 290(27):

16633-16652.

White KM, Rosales R, Yildiz S, Kehrer T, Miorin L, Moreno E, Jangra S, Uccellini MB,
Rathnasinghe R, Coughlan L, Martinez-Romero C, Batra J, Rojc A, Bouhaddou M, Fabius JM,
Obernier K, Dejosez M, Guillén MJ, Losada A, Avilés P, Schotsaert M, Zwaka T, Vignuzzi M,
Shokat KM, Krogan NJ, and Garcia-Sastre A (2021) Plitidepsin has potent preclinical efficacy

against SARS-CoV-2 by targeting the host protein eEF1A. Science 371(6532): 926-931.

WHO (2020). The top 10 causes of dealth. Available online https://www.who.int/news-

room/fact-sheets/detail/the-top-10-causes-of-death (accessed on 20, July, 2024).

WHO (2022). Cancer. Available  online: https://www.who.int/news-room/fact-

sheets/detail/cancer (accessed on 20, December, 2023).

WHO (2023). Antimicrobial resistance. Available at https://www.who.int/news-room/fact-

sheets/detail/antimicrobial-resistance acceesed on 18.01.2024

Williams DE, Yu K, Behrisch HW, Van Soest R, and Andersen RJ (2009) Rolloamides A and B,
cytotoxic cyclic heptapeptides isolated from the Caribbean marine sponge Eurypon laughlini. J

Nat Prod 72(7): 1253-1257.

Wolf D, Schmitz FJ, Qiu F, and Kelly-Borges M (1999) Aurantoside C, a new tetramic acid

glycoside from the sponge Homophymia conferta. J Nat Prod 62(1): 170-172.

Wong YH, Wong SR, and Lee SH (2023) The therapeutic anticancer potential of marine-derived

bioactive peptides: a highlight on pardaxin. Int J Pept Res Ther 29(5): 90.

76

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance%20acceesed%20on%2018.01.2024
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance%20acceesed%20on%2018.01.2024
http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Wu B, Wiese J, Labes A, Kramer A, Schmaljohann R, and Imhoff JF (2015a) Lindgomycin, an
unusual antibiotic polyketide from a marine fungus of the Lindgomycetaceae. Mar Drugs 13(8):

4617-4632.

Wu JS, Shi XH, Ya GS, Shao CL, F XM, Zhang XL, Guan HS, and Wang CY (2020) New
thiodiketopiperazine and 3, 4-dihydroisocoumarin derivatives from the marine-derived fungus

Aspergillus terreus. Mar Drugs 18(3): 132.
Wu N, Luo J, Jiang B, Wang L, Wang S, Wang C, Fu C, Li J, and Shi D (2015b) Marine
bromophenol bis (2, 3-dibromo-4, 5-dihydroxy-phenyl)-methane inhibits the proliferation,

migration, and invasion of hepatocellular carcinoma cells via modulating B1-integrin/FAK

signaling. Mar Drugs 13(2): 1010-1025.

Wu QX, Crews MS, Draskovic M, Sohn J, Johnson TA, Tenney K, Valeriote FA, Yao XJ,
Bjeldanes LF, and Crews P (2010) Azonazine, a novel dipeptide from a Hawaiian marine

sediment-derived fungus, Aspergillus insulicola. Org Lett 12(20): 4458-4461.

Wyche TP, Piotrowski JS, Hou Y, Braun D, Deshpande R, Mcllwain S, Ong IM, Myers CL,
Guzei IA, Westler WM, Andes DR, and Bugni TS (2014) Forazoline a: marine-derived

polyketide with antifungal in vivo efficacy. Angew Chem Int Ed 53(43): 11583-11586.

Xin W, Ye X, Yu S, Lian XY, and Zhang Z (2012) New capoamycin-type antibiotics and

polyene acids from marine Streptomyces fradiae PTZ0025. Mar Drugs 10(11): 2388-2402.

Yan Y, Li X, Zhang C, Lv L, Gao B, and Li M (2021) Research progress on antibacterial

activities and mechanisms of natural alkaloids: A review. Antibiotics 10(3): 318.

77

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Yang F, Hamann MT, Zou Y, Zhang MY, Gong XB, Xiao JR, Chen WS, and Lin HW (2012)
Antimicrobial metabolites from the Paracel Islands sponge Agelas mauritiana. J Nat Prod 75(4):

774-778.

Yang QZ, Wang C, Lang L, Zhou Y, Wang H, and Shang DJ (2013) Design of potent, non-toxic
anticancer peptides based on the structure of the antimicrobial peptide, temporin-1CEa. Arch

Pharm Res 36(11): 1302-1310.

Yao FH, Liang X, Cheng X, Ling J, Dong JD, and Qi SH (2021) Antifungal peptides from the

marine gorgonian-associated fungus Aspergillus sp. SCS1041501. Phytochem 192: 112967.

Yao Q, Wang J, Zhang X, Nong X, Xu X, and Qi S (2014) Cytotoxic polyketides from the deep-

sea-derived fungus Engyodontium album DFFSCS021. Mar Drugs 12(12): 5902-5915.

Youssef DT and Alahdal AM (2018) Cytotoxic and antimicrobial compounds from the marine-

derived fungus, Penicillium species. Molecules 23(2): 394.

Youssef DT, Shaala LA, Mohamed GA, Badr JM, Bamanie FH, and Ibrahim SR (2014)
Theonellamide G, a potent antifungal and cytotoxic bicyclic glycopeptide from the Red Sea

marine sponge Theonella swinhoei. Mar Drugs 12(4): 1911-1923.

Yu G, Zhou G, Zhu M, Wang W, Zhu T, Gu Q, and Li D (2016) Neosartoryadins A and B,
fumiquinazoline alkaloids from a mangrove-derived fungus Neosartorya udagawae HDN13-

313. Org Lett 18(2): 244-247.

Yu HB, Liu XF, Xu Y, Gan JH, Jiao WH, Shen Y, and Lin HW (2012) Woodylides A-C, new
cytotoxic linear polyketides from the South China Sea sponge Plakortis simplex. Mar

Drugs 10(5): 1027-1036.

78

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Yu HB, Wang XL, Xu WH, Zhang YX, Qian YS, Zhang JP, Lu XL, and Liu XY (2018a)
Eutypellenoids A-C, new pimarane diterpenes from the Arctic fungus Eutypella sp. D-1. Mar
Drugs 16(8): 284.

Yu ML, Guan FF, Cao F, Jia YL, and Wang CY (2018b) A new antiviral pregnane from a

gorgonian-derived Cladosporium sp. fungus. Nat Prod Res 32(11): 1260-1266.

Yu Z, Lang G, Kajahn I, Schmaljohann R, and Imhoff JF (2008) Scopularides A and B,
cyclodepsipeptides from a marine sponge-derived fungus, Scopulariopsis brevicaulis. J Nat

Prod 71(6): 1052-1054.

Zhang J, Yu LP, Li MF, and Sun L (2014a) Turbot (Scophthalmus maximus) hepcidin-1 and
hepcidin-2 possess antimicrobial activity and promote resistance against bacterial and viral

infection. Fish Shellfish Immunol 38(1): 127-134.

Zhang K, Zhang X, Lin R, Yang H, Song F, Xu X, and Wang L (2022) New Secondary
Metabolites from the Marine-Derived Fungus Talaromyces mangshanicus BTBU20211089. Mar
Drugs 20(2): 79.

Zhang L, Yang D, Wang Q, Yuan Z, Wu H, Pei D, Cong M, Li F, Ji C, and Zhao J (2015a) A
defensin from clam Venerupis philippinarum: molecular characterization, localization,

antibacterial activity, and mechanism of action. Dev Comp Immunol 51(1): 29-38.

Zhang P, Li XM, Li X, and Wang BG (2015b) New indole-diterpenoids from the algal-

associated fungus Aspergillus nidulans. Phytochem Lett 12: 182-185.

Zhang P, Li Y, Jia C, Lang J, Niaz SI, Li J, Yuan J, Yu J, Chen S, and Liu L (2017) Antiviral and
anti-inflammatory meroterpenoids: Stachybonoids A-F from the crinoid-derived fungus

Stachybotrys chartarum 952. RSC Adv 7(79): 49910-49916.

79

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Zhang P, Mandi A, Li XM, Du FY, Wang JN, Li X, Kurtan T, and Wang BG (2014b)
Varioxepine A, a 3 H-oxepine-containing alkaloid with a new oxa-cage from the marine algal-

derived endophytic fungus Paecilomyces variotii. Org Lett 16(18): 4834-4837.

Zhang Y, Adnani N, Braun DR, Ellis GA, Barns KJ, Parker-Nance S, Guzei IA, and Bugni TS
(2016) Micromonohalimanes A and B: Antibacterial halimane-type diterpenoids from a marine

Micromonospora species. J Nat Prod 79(11): 2968-2972.

Zhao Y, Si L, Liu D, Proksch P, Zhou D, and Lin W (2015) Truncateols A—N, new isoprenylated
cyclohexanols from the sponge-associated fungus Truncatella angustata with anti-H1N1 virus

activities. Tetrahedron 71(18): 2708-2718.

Zhong J, Wang W, Yang X, Yan X, and Liu R (2013) A novel cysteine-rich antimicrobial

peptide from the mucus of the snail of Achatina fulica. Peptides 39: 1-5.

Zhou X, Fang W, Tan S, Lin X, Xun T, Yang B, Liu S, and Liu Y (2016) Aspernigrins with anti-
HIV-1 activities from the marine-derived fungus Aspergillus niger SCSIO Jcsw6F30. Bioorg

Med Chem Lett 26(2): 361-365.

Zhu Y, Wang Y, Gu BB, Yang F, Jiao WH, Hu GH, Yu HB, Han BN, Zhang W, Shen Y, and
Lin HW (2016) Antifungal bromopyrrole alkaloids from the South China Sea sponge Agelas

sp. Tetrahedron 72(22): 2964-2971.

Zhuang J, Coates CJ, Zhu H, Zhu P, Wu Z, and Xie L (2015) ldentification of candidate

antimicrobial peptides derived from abalone hemocyanin. Dev Comp Immunol 49(1): 96-102.

Zhuang ZR, Yang XD, Huang XZ, Gu HX, Wei HY, He YJ, and Deng L (2017) Three new
piscidins from orange-spotted grouper (Epinephelus coioides): Phylogeny, expression and

functional characterization. Fish Shellfish Immunol 66: 240-253.

80

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

Figure captions:

Figure 1. Total number of new marine natural products discovered in each year from 2008 to

2021.

Figure 2. Certain biological activities exhibited by bioactive compounds derived from marine

resources.

Figure 3. Schematic diagram of the different mechanisms of action of antifungal activity of

secondary metabolites.

Figure 4. Mechanisms of antibacterial activities of marine derived bioactive compounds.

Figure 5. Mechanisms of anticancer activities of marine natural products.

Figure 6. Chemical structures of demethylxestospongin C and xestospongin A, C, and D.

Figure 7. Chemical structures of caerulomycin A, 5-bromo-8-methoxy-1-methyl-£ -carboline,

and nakijinamines A-C.

Figure 8. Chemical structures of hyrtimomines A, B, F, G, and I, and fumigatosides E and F.

Figure 9. Chemical structures of fumigatosides E and F and pyrrospirone C-F and I.

Figure 10. Chemical structures of aurantoside A-I.

Figure 11. Chemical structures of forazoline A, hippolachnin A, and woodylides A-C.

Figure 12. Chemical structures of engyodontiumones H, aspergillusone B, AGI-B4,

emerixanthones A and C, and coniothranthraquinone 1.
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Table 1. Antibacterial activities of marine derive peptides.

Peptide Source Antibacterial activity Reference
Aurelin Mesoglea of a Activity towards Bacillus Shenkarev
scyphoid jellyfish megaterium, strain B-392 (MIC = etal., 2012

Aurelia aurita 10 uM) and Micrococcus luteus,

strain Ac-2229 (MIC = 40 uM).

Oreoch-1 Teleost fish, tilapia Active against Gram-positive Acosta et
gills Oreochromis bacteria like B. subtilis (MIC = 3 al., 2013
niloticus uM) and S. aureus (MIC =5 uM),

Gram-negative bacteria like E.
coli (MIC =6.7 uM) and P.
aeruginosa (MIC = 35 uM).
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Oreoch-2 Teleost fish, tilapia Activity versus B. subtilis (MIC =  Acosta et
gills Oreochromis 1.7 uM), S. aureus (MIC =5 al., 2013
niloticus uM), E. coli (MIC =5 uM), P.
aeruginosa (MIC = 6.7 uM) and
E. tarda (MIC = 20 uM).
Myticusin-1 Hemolymph of Activity against S. aureus (MIC Liao et
Mytilus coruscus = 2.5-5 uM), B. subtilis (MIC = al., 2013
(Mussels) 1.2-2.5 uM), E. coli (MIC = 6.7-
12.5 uM), and Sarcina luteus
(MIC = 1.2-2.5 uM).
Venerupis Clam Venerupis Activity against Micrococcus Zhang et
philippinarum philippinarum luteus (MIC = 6.25-12.5 uM) and  al., 2015a
defensin (VpDef) Enterobacter aerogenes (MIC =
12.5-25 uM).
Gageostatins A-C ~ Marine bacterium B. Effect towards B. subtilis, S. Tareq et
subtilis aureus, P. aeruginosa, and S. al., 2014b
typhi with MIC ranging from 8 to
64 ug/mL.
Mytimacin-AF Mollusks Achatina Active versus S. aureus with MIC ~ Zhong et
fulica snail value of 1.9 pg/mL. al., 2013
Cathelicidin (Hc-  Sea snake Hydrophis ~ Potent towards Shigella Wei et al.,

CATH)

cyanocinctus

dysenteriae (MIC = 0.16 uM) and 2015
Klebsiella 8 (MIC = 20.67 uM).

EC-hepcidin3

Marine fish
Epinephelus coioides

(Orange spotted

Active against S. aureus (MIC = Quetal.,
1.5-3 uM) and Pseudomonas 2013
stutzeri (MIC < 1.5 uM).
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grouper)
B-defensins Atlantic cod Effect versus P. citreus NCIMB Ruangsri
Gadusmorhua 1493 (MIC = 0.4-0.8 uM) and M.  etal., 2013
lutes ATCC 4698 (MIC = 25-50
uM).
Mytichitin-CB Hemolymph of Potent against S. luteus, B. Qinetal.,
Mytilud coruscus subtilis, B. megaterium, and S. 2014
aureus (MIC <5 uM).
Rock bream Fish Effect towards Vibrio Bae et al.,
piscidin (Rbpisc) alginolyticus, V. harveyi, S. iniae 2016
and V. ordalii with MIC values
less than 0.9 uM and V. vulnificus
(3.9-7.8 uM).
SpHyastatin Crab Scylla Effect versus Gram-positive Shanetal.,
paramamosain bacteria (S. aureus, Micrococcus 2016
luteus, Micrococcusluteus, and
Corynebacterium glutamicum)
and Gram-negative bacteria
(Pseudomonas stutzeri,
Aeromonashydrophila, and P.
fluorescens) with MIC values of
0.63-2.5 uM.
TP3 Nile tilapia Effective against Gram-positive Peng et
Oreochromis niloticus  bacteria (S. agalactiae 819, S. al., 2012

agalactiae BCRC 10787, and E.
faecalis BCRC 10066) and Gram-

negative (V. alginolyticus and V.
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vulnificus 204) with MIC of 0.6-

20 pg/mL.
TP4 Nile tilapia Active towards Gram-positive (S. Pengetal.,
Oreochromis niloticus  agalactiae 819, S. agalactiae 2012

BCRC 10787, and E. faecalis
BCRC 10066) and Gram-negative
(V. alginolyticus, V. vulnificus
204, P. aeruginosa ATCC 19660,
and A. hydrophila BCRC 13018).

Sphistin Crab Scylla Potent towards Gram-positive Chen et
paramamosain bacteria (B. subtilis, S. aureus, al., 2015
Micrococcus luteus, C.
glutamicum, and M. lysodeikticus)
and Gram-negative bacteria
(Pseudomonas stutzeri, Shigella
flexneri, and P. fluorescens) with

MIC values less than 1.5 uM.

SMHEP1P Turbot Scophthalmus  Potent towards S. aureus (MIC = Zhang et
maximus 2 uM) and M. luteus (MIC =1 al., 2014a
uM).
SEHEP2P Turbot Scophthalmus ~ Active against E. tarda (MIC = 1 Zhang et
maximus uM) and V. anguillarum (MIC =2  al., 2014a
uM).
YFGPA Yellowfin tuna Activity versus Gram-positive Seoetal.,
Thunnus albacares bacteria such as B. subtilis, 2012

Streptococcus iniae, and

Micrococcus luteus with minimal
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effective concentrations (MECs)
of 1.2-17.0 pg/mL and Gram-
negative bacteria like Vibrio
parahaemolyticus, Aeromonas
hydrophila, and E. coli D31
(MECs = 3.1-12.0 ug/mL).

SA-hepcidinl Spotted scat fish Active against S. aureus (MIC = Guietal.,
Scatophagus argus 50 uM), Vibrio anguillarum (MIC 2016
=50 uM), V. alginolyticus (MIC
=50 uM), V. fluvialis (MIC = 25
uM) and E. coli (MIC =50 uM).
SA-hepcidin2 Spotted scat fish Active against S. aureus (MIC = Gui et al.,

Scatophagus argus

50 uM), Vibrio anguillarum (MIC 2016
=50 uM) and V. alginolyticus

(MIC =50 uM).
ecPis-2, ecPis-3, Orange-spotted Activity against S. aureus, E. Zhuang et
& ecPis-4 grouper Epinephelu coli, and V. parahaemolyticus. al., 2017
scoioides
PaLEAP-2 Teleost fish Activity against E. tarda and V. Lietal.,
Plecoglossus anguillarum with MIC value of 2015
altivelis 6.25 ug/ml and against E. coli
DH5a with MIC of 50 pg/ml.
Also, active against P. putida, V.
vulnificus, and V. alginolyticus
(MIC = 100 pg/mL).
Acipensinsl Russian sturgeon Effect towards E. coli ML35p Shamova
Acipenser (MIC = 0.7 uM), L. etal., 2014
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gueldenstaedtii monocytogenes EGD (MIC = 1.1
uM) and methicillin-resistant S.
aureus ATCC 33591 (MIC =0.9

uM).
Acipensins2 Russian sturgeon Active against E. coli ML35p Shamova
Acipenser (MIC = 0.3 uM), L. etal., 2014
gueldenstaedtii monocytogenes (MIC = 1 uM)

and methicillin-resistant S. aureus
ATCC 33591 (MIC = 0.6 uM).

Acipensins6 Russian sturgeon Activity against E. coli ML35p Shamova
Acipenser (MIC = 2.5 uM). etal., 2014
gueldenstaedtii

MoroPC-NH; Antarctic Fish Activity against Gram-positive S.  Shin et al.,

Parachaenichthys aureus, L. monocytogenes, and 2017

Streptococcus pyogenes with

charcoti
MICs <5 uM and Gram-negative
Psychrobacter sp., E. coli DH5q,
and Shigella sonnei with MICs <
S5 uM.
Lc-NK-lysin Yellow croaker Active against V. harveyi, E. coli, Zhou et
Larimichthys crocea and S. aureus with the MIC al., 2016
values of 12-24 uM and against B.
subtilis (MIC = 24-48 uM).
WB Piscidin 5 White bass Morone Effect towards S. aureus (MIC = Salger et
chrysops 4.52 uM), E. faecalis (MIC =4.52  al., 2016

uM), E. coli (MIC = 1.13 pM),
and Shigella flexneri (MIC =
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1.13-2.26 uM).
EeCentrocin 1 Sea urchin Echinus Potent against Gram-positive Solstad et
esculentus bacteria S. aureus (MIC =0.78 al., 2016

uM) and C. glutamicum (MIC =
0.78 uM) and against the Gram-
negative bacteria P. aeruginosa
(MIC =0.78 uM) and E. coli

(MIC =0.1 uM).
SJGAP Skipjack tuna Effect towards Gram-positive Seoetal.,
Katsuwonus pelamis bacteria, namely M. luteus, B. 2014

subtilis, S. iniae, and S. aureus
with MECs in the range of 1.2-
17.0 pg/mL, and Gram-negative
bacteria, such as E. coli D31, A.
hydrophila, and V.
parahaemolyticus (MECs = 3.1-

12.0 pg/mL).

Haliotisin Mollusk Haliotis Active against B. subtilis (MIC = Zhuang et
tuberculate 0.3-1 uM) and E. carotovor (MIC  al., 2015

=1.6-2.6 uM).

PdBD-2 Chinese loach fish, Activity against Gram-positive B. Chen et
Paramisgurnus subtilis and Gram-negative al., 2013
dabryanus bacteria A. hydrophila.

Chionodracine Icefish species Inhibit the growth of Gram- Buonocore

Chionodraco hamatus  positive B. cereus (MIC =5 uM), etal., 2012
Gram-negative E. coli (MIC =5
uM) and Antarctic psychrophilic
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bacteria strains Psychrobacter sp.
TAD1 (MIC = 10 uM) and
Psychrobacter sp. TA144 (MIC =

15 uM).
cgMolluscidin Pacific oyster Potent towards Gram-positive Seoetal.,
bacteria including S. aureus, B. 2013

Crassostrea giga
subtilis, and M. luteus (MECs =

1.3-31.3 pg/mL), and Gram-
negative bacteria including S.
enterica, E. coli, and V.
parahaemolyticus (MECs = 0.4-
2.3 ug/mL).

Table 2. Antiviral activities of peptides derived from marine sources.

Peptide Source Antiviral activity Reference
Simplicilliumtides J  Deep-sea-derived fungal Antiviral activity toward Liang et
strain Simplicillium HSV-1 with 1Cs values of al., 2017

obclavatum EIODSF 020  14.0 uM.

Verlamelins A& B Deep-sea-derived fungal Antiviral activity toward Liang et
strain Simplicillium HSV-1 with 1Csq values of al., 2017
obclavatum EIODSF 020  16.7 and 15.6 uM,

respectively.

Divamide A Tunicate Didemnum molle  Active against HIV-1 with Smith et
E11-036 ICso value of 0.225 uM. al., 2018
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Stellettapeptins A & Sponge Stelletta sp., Decrease infection of human Shin et
B collected from T-lymphoblastoid cells by al., 2015
northwestern Australia HIV-1 with ECs values of 23

and 27 nM, respectively.

Myticin C Mollusk Mytilus Antiviral activity against Novoa et
galloprovincialis human herpes simplex al., 2016
viruses 1 (HSV-1) and 2
(HSV-2).
Asperterrestide A Endophytic fungus Inhibitory effects on Heetal.,
influenza virus strains HIN1 2013

Aspergillus terreus
and H3N2 with ICs, values

of 20.2 and 0.41 pM,

respectively.

Mirabamides E-H Sponge Stelletta clavosa,  Potent inhibition of HIV-1in  Luetal.,,
collected from the Torres  a neutralization assay with 2011
Strait ICso values of 121, 62, 68,
and 41 nM, respectively.

Malformin C Endophytic fungus Strongest anti-HIV-1 activity ~ Zhou et
Aspergillus niger SCSIO  with ICs of 1.4 + 0.06 uM. al., 2016
Jesw6F30

Molleurea F Tunicate Didemnum Anti-HIV activity in an HIV Luetal.,
molle integrase inhibition assay and 2012

a cytoprotective cell-based
assay with 1Csq values of 39

and 78 uM, respectively.

Pa-MAP Polar fish Pleuronectes Inhibition of the simplex Vilas

americanus virus 1 (HSV-1), and Aichi Boas et
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virus with a selectivity index  al., 2017
of 5 and 3.4, respectively.

Aspergillipeptides D  Marine gorgonian-derived  Antiviral activity towards Maet al.,
&E fungus Aspergillus sp. herpes simplex virus type 1 2017
SCSIO 41501 (HSV-1) with 1Cs values of

9.5 and 19.8 uM,

respectively.

Acremonpeptides A Marine fungus Moderate antiviral activity Luoetal.,
&B Acremonium against herpes simplex virus 2019a
persicinum SCSIO 115 1 with ECs values of 16 and
8.7 uM, respectively.

AIl(I)- Marine fungus Moderate antiviral activity Luoetal.,
acremonpeptide D Acremonium against herpes simplex virus 2019a
persicinum SCSIO 115 1 with ECs value of 14 uM.

Cyclo(L-Tyr-L-Pro) Endophytic Strong inhibitory activity Ahmed et
(diketopiperazine) fungus Aspergillus towards Hepatitis C virus al., 2017
versicolor, isolated from protease with 1Csp value of
Red Sea black 8.2 ug/mL.
sponge Spongia

officinalis
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Table 3. Examples of marine peptides possessing anticancer activities.

Peptide Source Anticancer activity Reference
Theopapuamides A—C Marine sponge Cytotoxicity against Plaza et
Siliquariaspongia human colon carcinoma al., 2009
mirabilis (HCT-116) cells with

ICx values between 2.1
and 4.0 pg/mL.

Samoamide A Symploca sp. collected in  Potent cytotoxic activity ~ Naman et
American Samoa versus H460 human al., 2017
non-small-cell lung

cancer cells (ICsp = 1.1

uM).
Apratoxin D Cyanobacterium Cytotoxicity against H- Gutiérrez
Lyngbya majuscule 460 lung cancer cells etal., 2008

with I1Csq value of 2.6

nM.

Sansalvamide A Fusarium sp. derived Cytotoxic activity Vasko et

92

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article

has not been copyedited and formatted. The final version may differ from this version.

from marine plant

Halodule wrightii

towards several cell al., 2010
lines namely colon,

pancreatic, prostrate,

breast sarcoma, and

melanoma cancer cell

lines.

Azonazine Aspergillus insulicola, cytotoxic activity versus ~ Wu et al.,
collected from Hawaiian  HCT-116 cell line with 2010
marine sediments ICso value < 15 ng/mL.

Didemnin B Marine tunicate Anti-tumor activity Kotoku et

Trididemnum solidum

towards human prostatic  al., 2006
cancer cell line with 1Csg

value of 2 ng/mL in

L1210 leukemia cell.

Antiproliferative
properties on B16
melanoma and P388

Scleritodermin A

Marine sponge

Scleritoderma nodosum

leukemia cells.
In vitro anticancer Liuetal.,
activities towards 2008;

different human cancer ~ Schmidt et
cell lines such as al., 2004
A2780 ovarian

carcinoma, HCT116

colon carcinoma, and

SKBR3 breast

carcinoma with 1Csq

values of 0.94 uM, 1.92

MM, and 0.97 pM,
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respectively.

Microsclerodermin A Sponge genus Inhibit NFxB Guzman et

Amphibleptul transcriptional activity. al., 2015

Cytotoxic activity
against AsPC-1, BxPC-
3, MIA PaCa-2 and
PANC-1 pancreatic

cancer cell lines.

Urukthapelstatin A Thermoactinomycetaceae Cytotoxic activity Oberheide
against A549 lung etal., 2019

carcinoma epithelial

bacterium

Mechercharimyces .
y cells with I1Cxq value

asporophorigenens of 12 nM.
YM11-542
Lagunamide A & D Cyanobacterium Antiproliferative activity Luo et al.,
Lyngbya majuscule against A549 human 2019b
lung adenocarcinoma
cells.
Scopularides A & B Fungus Scopulariopsis Anticancer activities Yuetal.,
brevicaulis against the colon tumor 2008

cell line HT29 and
pancreatic tumor cell

lines Panc89 and

Colo357.
Desmethoxymajusculamide Fijian cyanobacteria Activity against HCT- Simmons
C Lyngbya majuscula 116 human colon etal., 2009

carcinoma cell line with
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ICxo value of 20 nM.

Rolloamides A & B Dominican marine Cytotoxic activities Williams
sponge Eurypon against SKBR3 and etal., 2009
laughlini A2780 with 1Csq values

in the range of 0.4-5.8
MM,
Diazonamide A Ascidian Diazona Activity towards CA46, Cruz-
angulata MCF7, PC3, and A549  Monserrate
cancer cell lines with etal.,
ICso values of 2-5 nM. 2003;
Lachia and
Moody,
2008

Kulokekahilide-2 Cephalaspidean Cytotoxicity activity Nakao et

mollusk, Philinopsis towards different cell al., 2004

speciosa

lines such as P388, SK-
OV-3, MDA-MB-435,
and A-10 (ICs values =
4.2'10 59.1 nM).

Peptide YALRAH Half-fin anchovy Antiproliferative activity Song et al.,
(Setipinna taty) against PC-3 cell line 2014a
with an 1Csq value of
11.1 pM.
Pardaxin Red Sea Moses Antiproliferative activity Hsu etall.,

sole, Pardachirus

mamoratu

against HT1080 and
induce apoptosis in

HeLa cells.

2011
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Table 4. Examples of marine based alkaloids exhibiting antifungal activities.

Alkaloids Source Antifungal activity Reference
Penicillatide B Non-identified Moderate activity against C.  Youssef et
Penicillium albicans. al., 2018

strain associated with a

Red Sea tunicate

Didemnum sp.
Lindgomycin Two Lindgomyces Activity against human Wu et al.,
strains pathogen C. albicans 2015a

(LF327 and KF970) (Activity is four times less
than by the control nystatin).

Brocapyrrozin A Fungus P. brocae MA-  Activities against Fusarium Meng et

4-hydroxy-3-phenyl- 231 associated oxysporum with MIC values  al., 2017

1H-pyrrol-2(5H)-one with marine mangrove ~ of 0.25 and 0.125 pgmL ™,

plant A. marina (China) respectively.

Didymellamide A Marine-derived fungus  Activity versus azole- Haga et
Stagonosporopsis resistant C. albicans. al., 2013

cucurbitacearum

Varioxepine A Fungus Paecilomyces Activity versus Fusarium Zhang et
variotii, from a marine  graminearum. al., 2014b
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red macroalga
Grateloupia turuturu
(Qingdao, China)

Hyrtinadines C

Sponge Hyrtios sp.
(Okinawa, Japan)

Inhibitory activity versus A. Kubota et
niger (1Csp = 32 pg/mL). al., 2016

Tyrokeradines G & H

Marine sponge of the
order Verongida

(Okinawa, Japan)

Effect towards A. niger Kubota et
(ICs0 = 32 pug/mL for each). al., 2015

Tyrokeradine G was active
against Cryptococcus
neoformans (ICsg =

16 pg/mL).

Isoagelasine C,

Sponge Agelas

Effect towards C. albicans Zhu et al.,

agelasine B, agelasine  nakamurai (MICs ranging from 0.59 to 2016

J, nemoechine G, (Xisha Islands, South  4.69 pg/ml).

isoagelasidine B, China Sea)

(-)-agelasidine C

Nakamurin B Sponge Agelas Weak activity against C. Chuetal.,

nakamurai

(Xisha Islands, South
China Sea)

albicans (MIC = 60 mg/mL). 2017

Zamamidine D

Okinawan marine
sponge Amphimedon

sp.

Active against Cryptococcus  Kubota et
neoformans IFM62681 and al., 2017
Trichophyton

mentagrophytes IFM62679

(ICs0=2 and 8 ug/mL,

respectively).
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Fusaripyridines A & B Fungus Fusarium sp. Activity versus C. albicans Shaala et
LY019 associated with  with MIC value of 8.0 pM. al., 2021
Red Sea

sponge Suberea mollis

Indolepyrazines A & B Marine based Activity against C. albicans Zhang et
Acinetobacter sp. with MIC value of 12-14 al., 2022
771275 ug/mL.

Eutypellenoid B Arctic fungi Inhibitory effect towards C. Yuetal.,
Eutypella sp. D-1 albicans, C. parapsilosis, C. 2018a

tropicalis, and C. glabrata
with MIC values of 8, 8, 32,
and 16 pg/mL, respectively.

Ditalaromylectones A Fungus Talaromyces Activity towards C. albicans  Zhang et

&B mangshanicus with MIC value of 200 al., 2022
BTBU20211089 (South  pg/mL.
China Sea)

Hemimycalins C-E Red Sea sponge Inhibitory activity against C. ~ Shaala et
Hemimycale sp. albicans with MIC value of 8  al., 2021

puM.

Emethacin C Marine-derived fungus  Activity against C. albicans ~ Wu et al,,

Aspergillus (MIC = 32 pg/mL). 2020

terreus RA2905.

Demethylxestospongin  Australian marine Moderate inhibitory effect Moon et
C Xestospongin A, C,  sponge Xestospongia towards a fluconazole- al., 2002
&D exigua resistant C. albicans ATCC

14503 (MIC = 100 pg/mL).
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Didymellamide A Marine based fungus Effect against azole-resistant Haga et
Stagonosporopsis and -susceptible C. albicans,  al., 2013
cucurbitacearum C. glabrata, and

Cryptococcus neoformans
(MIC=1.6 or 3.1 pg/mL).

Didymellamide B Marine based fungus Acted against C. neoformans Haga et
Stagonosporopsis (MIC = 6.3 ug/mL). al., 2013

cucurbitacearum

Caerulomycin A Marine actinomycete Inhibited two fluconazole- Ambavane
Actinoalloateichus resistant C. krusei GO3 and etal.,
cyanogriseus C. glabrata HO5 (MICs in 2014
the range of 0.39-1.56
pug/mL).
5-bromo-8-methoxy-1- New Zealand bryozoan Inhibitory effect against C. Till and
methyl-S-carboline Pterocella vesiculosa albicans and Trichophyton Prinsep,
mentagrophytes (MID = 4-5 2009
ug/mL).
Nakijinamine A Okinawan marine Action towards C. albicans Takahashi
sponge Suberites sp. (I1Cs0 0.25 pug/mL), etal.,
Trichophyton 2012

mentagrophytes (ICso = 0.25
ug/mL), and C. neoformans
(|C50 0.5 yg/mL).

Nakijinamines B & C Okinawan marine Inhibited C. albicans (ICso =  Takahashi
sponge Suberites sp. 8 ug/mL). etal.,
2012
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Hyrtimomine A Okinawan marine Inhibitory activity against A. Momose
sponges Hyrtios spp. niger (ICso = 4.0 ug/mL). etal.,
2013;
Tanaka et
al., 2013a
Hyrtimomines A& B Okinawan marine Active against C. neoformans  Momose
sponges Hyrtios spp. (1Csp = 2.0 and 4.0 ug/mL, etal.,
respectively) and C. albicans 2013;
(ICsp = 1.0 pg/mL each). Tanaka et
al., 2013a
Hyrtimomines F, G, &  Okinawan marine Effect towards Aspergillus Tanaka et
I sponges Hyrtios spp. niger (ICsp = 8.0 ug/mL al., 2014
each).
Hyrtimomine | Okinawan marine Inhibited C. neoformans Tanaka et
sponges Hyrtios spp. (1Cs0 = 4.0 ug/mL). al., 2014
Fumigatosides E Deep-sea fungus Activity against Fussarium Limbadri
Aspergillus oXxysporum sp. momordicae etal.,
fumigatus SCSIO and moderate inhibitory 2018
(Indian Ocean) effect towards F. oxysporum
Sp. cucumerinu.
Tyrokeradines G & H  Marine sponge of the Effect towards A. niger with  Kubota et
order Verongida ICs value of 32 pg/mL for al., 2015
(Okinawa, Japan) each.
Tyrokeradines G Marine sponge of the Active against Cryptococcus  Kubota et
order Verongida neoformans (1Cso = 16 al., 2015

(Okinawa, Japan)

pg/mL).
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(—)-ageloxime D Marine sponge Agelas  Activity against Yang et
Ageloxime B mauritiana Cryptococcus neoformans al., 2012
with MIC values of 10.00
pg/mL.
Nagelamide Z Marine Inhibitory activity Tanaka et
sponge Agelas sp. against Candida al., 2013b
albicans (ICsp=0.25
pg/mL).
Ceratinadins A & B Okinawan marine Effect against Cryptococcus  Kon et al.,
sponge neoformans (MIC =4 and 2010
Pseudoceratina sp. 8 ng/mL, respectively)
and Candida albicans (MIC
=2and 4 pg/mL,

respectively).
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Table S. A list of alkaloid compounds with the potential antibacterial activities.

Alkaloid Source Antibacterial activity Reference
Pyranonigrin F Fungus Penicillium Activity against S. aureus Meng et
brocae MA-231 (Gram-positive) and the Gram- al., 2015
associated with the negative aqua-bacteria Vibrio
marine mangrove- harveyi and Vibrio
derived plant Avicennia  parahemolyticus with MIC
marina values of 0.5 pg/mL.
Pyrrospirone C-F & Fungus Penicillium sp.  Inhibition against E. coli Song et
I 77380, derived from a (Gram-negative) and S. aureus al., 2019
wild crab (Gram-positive) with MIC
(Pachygrapsus values of 3.0 ug/mL and 1.7
crassipes) ug/mL, respectively.
Brocapyrrozin A &  Fungus P. brocae MA-  Activity against S. aureus (MIC ~ Meng et
B 231, derived from value of 0.125 pg mL ™ for al., 2017
marine mangrove plant  Brocapyrrozin A).
A. marina
Dispyrrolopyridine  Predatory bacterium Strong activity versus B. subtilis  Wang et
A&B Tenacibaculum discolor DSM10, Mycobacterium al., 2022a

svll

smegmatis ATCC607, S. aureus
ATCC25923, and L.
monocytogenes DSM20600
with MIC values ranging from
0.5 to 4 pg/mL.
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Dispyrrolopyridine  Predatory bacterium Potent activity against efflux Wang et
A Tenacibaculum discolor pump deficient E. coli al., 2022a
svil ATCC25922 (MIC = 8 pg/mL)
and Caenorhabditis elegans N,
(MIC = 32 pg/mL.
Penijanthine C & D  Penicillium Inhibiting activities against Guo et al.,
janthinellum, living in Vibrio alginolyticus, V. 2019
the sediments of the anguillarum, and V.
Bohai Sea, China parahemolyticus with MIC
values ranging from 3.1 to 50.0
uM.
19- Fungus Aspergillus Moderate antibacterial activity Zhang et
Hydroxypenitrem A nidulans EN- against human pathogens (S. al., 2015b
330, isolated from the aureus and E. coli) and aqua
marine red macroalga pathogens (Edwardsiella
Polysiphonia villum tarda and Vibrio anguillarum)
(formerly Polysiphonia  with MIC values ranging from
scopulorum var. villum) 16 to 64 ug/mL.
Fumigatoside F Deep-sea sediment- Antibacterial activity against Limbadri
derived fungus Acinetobacter baumannii etal.,
Aspergillus fumigatus ATCC 19606 with a MIC value 2018
SCS1041012 of 6.25 pug/mL.
2-(4 Aspergillus sydowii Activity against S. epidermidis,  Liuetal.,
hydroxybenzyl)-4- ~ SW9 (China’s seawater) S. aureus, E. coli, and 2019b

(3-acetyl) Streptococcus pneumoniae with
quinazolin-one MIC values in the range of 2.0
to 16 nug/mL.
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Penicillatide B Penicillium strain Potent inhibitory effect on V. Youssef et
associated with a Red anguillarum and moderated al., 2018

Sea tunicate Didemnum  effect on S. aureus.

sp.

Spirobrocazine C Fungus P. brocae MA-  Antibacterial activity against E. Meng et

231 associated with coli, V. harveyi, and Aeromonas  al., 2016
mangrove plant (A. hydrophila with MIC value of
marina) 32.0 pg/mL.

Acremolin C Antarctic-derived Activity against methicillin- Lietal.,
fungus A. sydowii SP-1  resistant S. aureus, methicillin- 2018

resistant S. epidermidis, S.

aureus, and S. epidermidis.
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Table 6. Anticancer activities of some marine derived alkaloids.

Alkaloid Source Anticancer activity Reference
Discorhabdin and Sponge Cytotoxic activity towards HCT116 Lietal.,
Discodermolide Latrunculia cell line. 2019c

apicalis and L.
biformis

Ascomylactam A Mangrove Suppressed A549 and NCI-H460 Wang et
endophytic fungus  cancer cell lines (6 mg/kg/day). al., 2020
Ascomycota sp.

(—)-Agelamide D Marine sponge Improve the efficacy of radiation Choi et al.,
Agelas sp. therapy in xenograft Hep3B cells. 2020

Neoamphimedine Marine sponge Reduce the growth of KB and HCT-  Marshall
Xestospongia sp. 116 tumors. etal.,

2003

Crambescidine-816 ~ Marine sponge Reduce the tumor development in Roel et al.,

Crambe crambe olorectal carcinoma (CRC) HTC- 2016
116 cells in vivo in Zebrafish
embryos.

Isofistularin-3 Marine sponge Supress the development of Florean et
Aplysina neuroblastoma (15-25 uM) and al., 2016
aerophoba prostate (20 and 25 uM) cancers.

Monanchoxymycalin Marine sponge Cytotoxicity against human prostate  Dyshlovoy

C Monanchor cancer through JNK1/2 activation etal.,
pulchra and non-apoptotic cell death. 2020

105

7202 ‘vz Jequiedaq uo seulnor 1 34sSY e 6o seunoisdse Asawireyd wou) pepeo jumoq


http://pharmrev.aspetjournals.org

Pharmrev Fast Forward. Published on 7 October 2024 as DOI 10.1124/pharmrev.124.001227 This article
has not been copyedited and formatted. The final version may differ from this version.

Table 7. Marine based phenolics displaying anticancer activities.

Phenolics Source Antifungal activity Reference
Penimethavone A Fungus Penicillium Anticancer activities towards  Hou et al.,
(flavone) chrysogenum cultured rhabdomyosarcoma and 2016

froma cervical cancer (HeLa) cell
gorgonian Carijoa sp. lines with 1Csp values of 8.18
(South China Sea) and 8.41 uM, respectively.
Phloroglucinol Brown seaweeds Enhanced the anticancer Lopes-
effects of 5-fluorouracil Costa et
towards HT29 colorectal al., 2017
cancer cell lines.
Alternariol and Fungus Alternaria Antiproliferative activities Hawas et
(coumarin) alternata collected from  verses leukemia cell lines al., 2015
soft coral Litophyton such as L1210 and CCRF-
arboreum CEM.

Alternariol methyl Fungus Alternaria antitumor activities towards Hawas et
ether alternata collected from  the leukemia cell lines of H- al., 2015
soft coral Litophyton 125 and Colon-38.

arboreum

Moromycin B, Marine derived Antitumor activities towards Quetal.
saquayamycin B, Streptomyces sp. breast cancer cells MCF-7, 2019
and B 0C1610.4 MDA-MB-231, and BT-474

with 1Csg values in the range

of 0.16-0.67 pM.
Bis (2,3-dibromo- Marine algae Anticancer activity on Wu et al.,
4,5-dihydroxy- different tumor cells such as 2015b

phenyl)-methane

RKO, HelLa, U87, Bel7402,
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(Bromophenol) and HCT116 with 1Csg values
of 11.37, 17.63, 23.69, 8.7,
and 10.58 pg/mL,

respectively.

Laurebiphenyl Red Antiproliferative activity Sunetal.,
(terpenophenolics) macroalga Laurencia against stomach cancer 2005
tristicha (BGC-823), lung

adenocarcinoma (A549),
colon cancer (HCT-8),
hepatoma (Bel 7402), and
HeLa cell lines with

ICso values of 1.22, 1.68,
1.77,1.91, and 1.61 pg/mL,

respectively.

Fradimycin B Marine Streptomyces Activity against HCT-15, Xinetal.,
fradiae strain PTZ0025 SW620 and C6 cancer cells 2012
with 1Csp values of 0.13, 4.33
and 0.47 uM, respectively.

Fucodiphloroethol G Ecklonia cava (Marine Antitumor activity towards Lietal.,
brown macroalgae) HelLa, A549, HT1080 and 2011
HT29 cancer cells (ICs =
298.2, 226.5, 242.5 and 228.5
UM, respectively).

Galvaquinone B Sea anemone (Gyractis Active against Calu-3 and Sottorff et
and lupinacidin A sesere) from Easter H2887 cancer cells with 1Cs al., 2019
(anthraquinones) Island values of 5.0 and 12.2 uM for

Galvaquinone B and 8.8 and

3.1 uM for lupinacidin A.
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Norhierridin B Marine Antiproliferative activity Brandéo
(hydroquinone) picocyanobacterium against MDA-MB-231, etal.,
Cyanobium sp. SKBR3, MDA-MB-468, 2020

A375, Huh-7 and HCT116
cancer cells (1Csp = 0.61,
0.77,0.68, 2.0, 0.61 and 3.2
MM, respectively).

Diorcinol L Marine sponge-derived Anticancer activity towards Tian et al.,
fungus Didymellaceae sp. Huh-7, DU145, HelLa and 2018
SCSIO F46 HL60 cancer cells (1Cso = 5.7,

9.1,7.1and 9.6 uM).

Plastoquinones Brown Anticancer activity against Mori et
macroalga, Sargassum murine colon 26-L5 al., 2005
micracanthum adenocarcinoma cell line

(ICsp = 1.51 and 1.69 pug/mL.

Phlorofucofuroeckol Brown macroalga Suppression of migrationand  Leeetal.,
Ecklonia cava invasion of breast cancer cells 2020
(MCF-7 and MDA-MB-231)
by downregulation of Nf-xB
and Toll-like receptor 4
(TLR-4).
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