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Abstract

Marine organisms have proven to be excellent sources of bioactive natural products with
potential therapeutic applications. To date, seventeen marine-derived molecules are on the
market for the treatment of human diseases, mainly cancer. While multiple bioactivities
of marine compounds have been consecutively reported, peptides represent promising
candidates for these applications. This review focuses on peptides from marine organ-
isms living in extreme marine environments, such as the deep ocean, polar regions, and
tropical ecosystems. These are particularly promising for further bioprospecting, since
their distinctive conditions have driven the evolution of unique biomolecules, as well
as unique stability profile that can improve efficacy, shelf life, and performance under
a wide range of industrial conditions. Ziconotide (Prialt), a neurotoxic peptide derived
from the venom of a marine snail (Conus sp.) found at depths greater than 1000 m, is
already commercially available for the treatment of severe pain. Recent technologies and
computational tools are speeding up the discovery of new peptides and enzymes (very few
from extreme environments). Overall, the review reports about eight peptides with anti-
cancer properties from deep environments, nine, two and seven from polar habitats with
antioxidants, anti-inflammatory and anticancer properties, respectively, and approximately
ninety peptides from tropical waters (five antioxidant, thirty-five anti-inflammatory and
fifty-four anticancer peptides). However, future studies in extreme environments will need
to develop and apply sampling technologies, cultivation systems, as well as methods to
assess efficacy, side effects and mechanisms of action, in vitro and in vivo.

Keywords: peptides; anticancer; deep-sea; cold seas; tropics

1. Introduction
The ocean covers about 70% of the Earth’s surface and represents a vast reservoir for

the bioprospecting of biologically active compounds. Over the past decades, marine organ-
isms, which account for nearly half of global biodiversity, with more than 5 million animal
species have emerged as promising sources of therapeutic and nutraceutical compounds,
attracting increasing interest from both academia and the biopharmaceutical industry as
valuable producers of bioactive metabolites to address the current shortage of innovative
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and potent drugs [1,2]. However, the publications on the pharmaceutical applications of
marine natural products are a small share of those reporting newly discovered molecules
each year. In fact, according to the MarinLit database, dedicated to marine natural products
research, there are currently 44,675 known compounds (https://marinlit.rsc.org/; accessed
on 5 May 2026) [3].

In recent years, marine organisms have emerged as an extraordinarily rich source of
bioactive secondary metabolites, including lipids, carbohydrates, complex polyketides,
toxins, terpenoids, alkaloids, cyclic peptides, and steroids with significant pharmacological
activity [4]. The diverse chemistry of these compounds is also due to specific ecological
conditions such as high pressure, salinity fluctuations, extreme temperatures and complex
symbiotic interactions that induce the synthesis of structurally and functionally unique
substances. In fact, this remarkable chemical potential of marine organisms is largely linked
to the distinctive conditions of marine ecosystems, as adaptation to environments, which
are more hostile than the terrestrial ones, has driven the evolution of sophisticated and
advanced chemical communication systems [5,6]. Among marine environments, extreme
marine environments defined as oceanic habitats characterized by severe physicochemical
conditions are still largely unexplored and unexploited compared to the terrestrial ones,
due to their poor accessibility and the lack of dedicated infrastructure for research [7].
Only very recent advancements in sampling methodologies and improved access to these
areas, coupled with the development of omics technologies, have opened new perspectives
for their bioprospecting. However, greater research efforts are needed to explore marine
species across diverse oceanic zones to identify novel bioactive compounds including toxins
with potential applications in the pharmaceutical and nutraceutical fields [8].

Currently there are seventeen marine-derived compounds on the pharmaceutical
market (https://www.marinepharmacology.org/approved; accessed on 5 May 2026) [9],
the majority for the treatment of cancer. Among those, there is a peptide originally isolated
from marine organisms living in extreme conditions and now in use to treat human diseases.
Ziconotide (Prialt®), approved by the Food and Drug Administration (FDA) in 2004, is a
synthetic calcium channel-binding conotoxin isolated from the sea snail Conus magus living
at about 1000 m depth, used for the treatment of severe pain. Extreme marine environments
include deep-sea ecosystems, characterized by the absence of sunlight, high hydrostatic
pressure and low temperatures; deep hypersaline anoxic basins (DHABs), marked by
extreme salinity and pressure; polar seas, such as the Arctic and Antarctic Oceans, defined
by persistently low temperatures, seasonal ice cover and extreme photoperiods; and hot
environments including tropical marine regions, which, despite their high biodiversity, are
subjected to intense physicochemical stressors including thermal stress, seasonal variability
and frequent extreme weather events [10].

Deep sea (below depth of 1000 m) is often recognized as an extreme environment
associated with the absence of sunlight and the presence of high hydrostatic pressure and
low temperatures [10]. In addition, cold seep ecosystems represent another important
type of deep-sea extreme habitat, where methane- and sulfide-rich fluids are released
from the seafloor, supporting chemosynthetic microbial communities independent of
sunlight. Deep-sea extremophiles can proliferate under these challenging conditions and
have developed a variety of strategies to cope with these inhospitable environments:
for instance, the production of extremozymes (for cold and thermal adaptation), salt
tolerance and/or pressure tolerance and secondary metabolites which may have versatile
biomedical applications [11]. With existing knowledge and technologies, scientists can
retrieve microbial cells from several meters below the seafloor [12].

The polar seas comprising the Arctic Ocean and the Southern Ocean beyond the
Antarctic Convergence represent two of the coldest marine environments on Earth [13]. In
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the coldest years, sea ice in these regions accounts for 13% of the surface of the planet, pro-
foundly shaping global climate and ocean dynamics. The Arctic Ocean, located north of 57◦

latitude, is marked by dramatic seasonal light fluctuations, persistently frigid temperatures,
severe winter extremes, and dynamic exchanges with warm Atlantic and Pacific waters [14].
Conversely, the Antarctic Ocean, extending between 60◦ South latitude and the Antarctic
continent, is geographically and thermally isolated by the Antarctic Circumpolar Current.
Strongly shaped by seasonal snow and ice cover, extreme photoperiods, and persistently
low temperatures, Antarctica sustains a unique endemic marine biota [15]. Hot marine
environments include several habitats such as geothermal hot springs, hydrothermal vents,
and tropical regions. While extreme hot-spring and hydrothermal-vent sites host mostly
thermophilic Archaea [16], whose enzymes are primarily exploited for high-temperature
biotechnological applications [17], tropical marine environments stand out for their richness
in bioactive molecules of interest, including peptides with antioxidant, anticancer, and
anti-inflammatory activities.

Tropical regions, found around the equator, display an exceptional biodiversity, includ-
ing corals, sponges, tunicates, algae, and their microbial symbionts. They are considered
extreme because they experience intense physico-chemical stressors: intense heat or ther-
mal stress (which can cause, for instance, coral bleaching), wet and dry seasons, quite
frequent typhoons and hurricanes [18]. These regions, usually found around islands, have
a monthly average water temperature of 18 ◦C and experience two seasons. The organisms
living in these environments are producers of metabolites with antimicrobial, antioxidant,
anti-inflammatory and anticancer properties [19,20].

In this context, this is the first review to focus on peptides from extreme marine habitats
with antioxidant, anti-inflammatory, and anticancer activities. The following paragraphs
will first briefly describe the most common activities observed and will then provide an in-
depth overview of peptides from extreme environments that have shown antioxidant, anti-
inflammatory, and anticancer activities, describing their specific mode of action in vitro and
in vivo (when available). Previous reviews have addressed different but related topics, such
as marine extremozymes for biofuel production and bioremediation [21], hydrolases [22],
enzymes from polar regions [23] or other extreme environments [24], microorganisms from
extreme environments [25], peptides/proteins from marine organisms in general [26] and
biotechnological applications of bioactive peptides from marine sources [27].

Our state-of-the-art review is concerned with peptides from extreme marine environ-
ments which remain largely unexplored and have been investigated mainly in deep ocean
environments, polar environments and tropical marine ecosystems. Various studies were
based solely on sequence homology or predicted functions, and only a limited number of
enzymes have been functionally characterized and tested for these activities. In particular,
examples included a photolyase derived from the Antarctic microalga Chlamydomonas
sp. ICE-L involved in DNA repair in mice exposed to UVB [28], a glutaminase- and L-
asparaginase from Antarctic fungi [29,30] with anticancer activity, and a novel β-agarase
isolated by macroalgae-associated bacteria with anti-inflammatory activity [31].

1.1. Antioxidants

Oxidative stress induced by reactive oxygen species (ROS) contributes to chronic non-
communicable diseases (NCD), including cancer, diabetes, neurodegenerative disorders,
hypertension, cardiovascular disease, atherosclerosis, and autoimmune diseases [32]. An-
tioxidants are compounds that inhibit or delay oxidation by neutralizing free radicals and
are used clinically in several contexts [33]. They have been investigated or applied as sup-
portive agents in cardiovascular diseases, neurodegenerative disorders such as Alzheimer’s
and Parkinson’s diseases, and in the management of diabetes and its complications. They
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are also employed to reduce damage associated with chemotherapy and radiotherapy, to
modulate inflammatory conditions, and to support eye health. Additional applications
include hepatoprotection and the promotion of skin repair and wound healing [33].

Many small-molecule antioxidants have shown promise in preclinical studies, includ-
ing vitamins (e.g., vitamin C and vitamin E), polyphenols (e.g., resveratrol and flavonoids),
carotenoids (e.g., β-carotene and lycopene), thiols (e.g., N-acetylcysteine), synthetic antioxi-
dants (e.g., probucol and edaravone), endogenous compounds (e.g., coenzyme Q10) and
synthetic phenolic antioxidants, such as tert-butylhydroquinone (TBHQ) [34–38]. Overall,
despite extensive investigation, most antioxidants have not translated into clinical applica-
tions. A key challenge associated with their use is the clear definition of effective versus
toxic doses. Antioxidants are also widely used to prevent oxidation, extend the shelf life
of foods, and stabilize formulations (food, cosmetic, and pharmaceuticals). Also in this
context, the definition of toxic doses is crucial (some examples are reported in Table 1).

Table 1. Comparison between clinically used doses and reference toxicity thresholds. Abbreviations:
NIH ODS = National Institutes of Health Office of Dietary Supplements; FNB/DRI = Food and Nutri-
tion Board/Dietary Reference Intakes; EFSA = European Food Safety Authority; EMA = European
Medicines Agency; FDA = Food and Drug Administration; ECHA = European Chemicals Agency;
UL = Tolerable Upper Intake Level; AI = Adequate Intake.

Compound Dose with the Strongest
Safety Basis Risk of Toxicity References

Vitamin C

Adults: 75–90 mg/day
recommended intake; smokers:
+35 mg/day. Adult UL:
2000 mg/day.

Above 2000 mg/day: mainly
diarrhea, nausea, and abdominal
cramps; high-dose IV
administration represents a distinct
pharmacological exposure and is not
comparable to supplementation.

NIH ODS;
FNB/DRI [39,40]

Vitamin E

EFSA AI: 13 mg/day (men),
11 mg/day (women). EFSA UL:
300 mg/day α-tocopherol; U.S.
FNB UL: 1000 mg/day.

Primary signal: bleeding/altered
coagulation. In the EU, 300 mg/day
represents a prudent upper
boundary; the U.S. formal limit
remains higher.

EFSA 2015/2024;
NIH ODS [41–44]

N -acetylcysteine
(NAC)

Standardized medicinal regimens:
oral 140 mg/kg loading dose,
then 70 mg/kg every
4 h × 17 doses; IV total
300 mg/kg over 20–21 h.

No clear oral toxic dose from
supplementation. Main clinical risk
is IV: acute hypersensitivity
reactions (~17% loading; ~8% adults;
~10% pediatric) and dosing errors
may be fatal; animal oral LD50 (rat)
> 2500 mg/kg.

DailyMed
(ACETADOTE;
CETYLEV);
ECHA [45–47]

Glutathione

Oral: 250–1000 mg/day for up to
6 months; a single 3 g oral dose
does not significantly increase
plasma levels.

No defined human toxic threshold.
Main regulatory concern relates to
endotoxin-contaminated IV
compounded products rather than
intrinsic toxicity; 7 patients reported
reactions after 1400 mg IV.

FDA compounding
alert [48]

Resveratrol
Most robust regulatory reference:
150 mg/day (EFSA/EU novel
food context).

In humans, 2.5–5 g/day for 29 days
caused mild-to-moderate
gastrointestinal symptoms; no single
defined human toxic dose.

EFSA 2016;
EU Decision
2016/1190 [49,50]
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Table 1. Cont.

Compound Dose with the Strongest
Safety Basis Risk of Toxicity References

Quercetin

Common oral doses:
500–1000 mg/day; in 12-week
studies, no adverse symptoms or
clinically relevant laboratory
changes reported.

Clear toxicity signal from IV
oncology: dose-limiting
nephrotoxicity at 1700 mg/m2; renal
toxicity observed in 2/10 patients at
1400 mg/m2. No formal oral
UL identified.

[51]

Melatonin

EMA-approved: Circadin 2 mg
(prolonged-release, adults
≥55 years); Slenyto 2–10 mg in
pediatric use.

No defined human toxic threshold.
The literature reports doses up to
300 mg/day without clinically
significant adverse effects; overdose
mainly causes somnolence.

EMA (Circadin;
Slenyto) [52,53]

Tert-
butylhydroquinone
(TBHQ)

1–50 µM in vitro and
16.7–25 mg/kg in vivo TBHQ has
significant protective effects
including the activation of the
nuclear factor erythroid 2-related
factor 2 (Nrf2) antioxidant
pathway, reduction in
neuroinflammation following
traumatic brain injury and
protection of hepatocytes
against lipotoxicity

By assessing genotoxicity, TBHQ at
400 mg/kg on mice organs showed
DNA damage in stomach cells at
24 h exposure and increased DNA
migration in liver and kidney cells
due to the formation of ROS [37].
More specifically, acute oral and
intraperitoneal lethal doses (LD50)
of TBHQ in rats have been
documented as 700–1000 and
300–400 mg/kg, respectively [38].

[34–38]

As shown in the tables below, the peptides isolated from extreme environments may
offer new opportunities for antioxidant solutions.

Lipid peroxidation is one of the key agents in the aging process and is a pathophysi-
ological driver for many diseases. Antioxidants can suppress peroxidation by donating
an electron or a hydrogen atom to free radicals synthesized from unsaturated lipids, ter-
minating chain reactions by scavenging singlet oxygen, inactivating metal catalysts, and
eradicating radical intermediates or initiators [54].

The antioxidant activities of bioactive peptides can be dependent on the molecular
size of the peptide and the hydrophobic and/or aromatic nature of the amino acids in the
peptide sequences. Peptides with small molecular size can easily cross the intestinal barrier
and produce biological effects compared to proteins or larger polypeptides. Hydrophobic
amino acids Trp, Pro, Tyr, Lys, Leu, Val, and His play an important role in radical scavenging
of peptides [55]. Peptides with aromatic amino acids and peptides with Tyr, His, Trp, and
Met sequence also have high antioxidant functions [56].

1.2. Anti-Inflammatory Compounds

Inflammation is a physiological response of the immune system aimed at the protec-
tion of the body against pathogens, tissue damage, or harmful stimuli. This response is
complex and tightly regulated and represents a fundamental process for the maintenance
of homeostasis [57]. However, when it becomes chronic or degenerative, inflammation
can contribute to the onset of various pathologies, including autoimmune, cardiovascu-
lar, metabolic, and neurodegenerative diseases and cancer [58,59]. The activation of the
inflammatory process involves a dense network of cellular mediators including cytokines,
chemokines, and transcription factors such as NF-κB and AP-1, which regulate the ex-
pression of pro-inflammatory genes [60,61]. The treatment of pathological inflammation
is currently based on the use of nonsteroidal anti-inflammatory drugs (NSAIDs) and cor-
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ticosteroids, which act by inhibiting cyclooxygenase (COX) and modulating the activity
of the glucocorticoid receptors, respectively [62,63]. Scientific research is increasingly
moving toward the discovery of new natural compounds with anti-inflammatory activity
with high specificity and low toxicity [64]. The molecular mechanisms underlying the
anti-inflammatory activity are complex and multifactorial. Some molecules act on the phos-
phorylation of IκBα, preventing the nuclear translocation of NF-κB and the corresponding
transcription of inflammatory genes [65]. Others target the MAPK cascade, regulating the
activity of p38, ERK, and JNK kinases, which are essential in the cellular stress response [65].

Several metabolites from extremophilic organisms exert significant antioxidant ac-
tivity, reducing the formation of ROS and limiting oxidative stress, a known enhancer of
inflammatory processes [66,67]. A review by Chen et al. [68] documented the isolation of
approximately 250 bioactive compounds with anti-inflammatory activity from marine or-
ganisms. These compounds modulate various pathways, including NF-κB and MAPK and
inhibit the production of pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α [68].

1.3. Anticancer Compounds

According to the World Health Organization (WHO), cancer is one of the leading
causes of death worldwide (https://www.who.int/news-room/fact-sheets/detail/cancer;
accessed on 5 May 2026) [69]. Cancer includes multiple diseases that can affect any part
of the body, and many can eventually spread into other tissues causing metastases that
are often lethal. According to WHO, in 2020 there were about 1.80 million deaths for
lung cancer, 904,000 deaths for colon and rectum cancer, 760,000 deaths for liver cancer,
660,000 deaths for stomach cancer, and 666,000 deaths for breast cancer. The most common
cancer type varies depending on the country under consideration; however, according
to the WHO, cervical cancer is the most common in 23 countries [69]. Looking for new
drugs with specificity against the various cancer types remains one of the major priorities
of the drug discovery research community. Marine organisms can produce a plethora of
molecules ranging from terpenes to steroids, alkaloids, polyketides, etc. Many of them
have been shown to exert antiproliferative and anticancer properties. Some have reached
the market and are currently in use.

As reported on the marine pharmacology website (https://www.marinepharmacology.
org/), there are seventeen marine-derived drugs on the market, of which 9 are for cancers
(including multiple myeloma, lymphoma, leukemia, lung and urothelial cancer typologies).
In addition, 29 compounds are currently undergoing clinical trials, of which 26 are being
investigated against cancers [9].

Marine compounds can induce cancer cell death or inhibit cell proliferation through
several mechanisms, ranging from the inhibition of tubulin polymerization, to the disrup-
tion of mitotic spindle formation and induction of cell cycle arrest [70] to actin disruption,
histone deacetylase (HDAC) inhibition, serine protease inhibition, induction of mitochon-
drial apoptosis, modulation of the cellular oxidative stress, and the modulation of the
expression of oncogenic signaling pathways, such as PI3K/Akt, focal adhesion kinase
(FAK)/extracellular signal-regulated kinase (ERK) and MAPK/ERK [71,72]. Angiogenesis
is also a critical process for tumor cell proliferation, development, and metastasis. Therefore,
inhibiting angiogenesis is considered an important anticancer strategy to suppress cancer
growth and metastasis. Compounds that limit sun damage by screening ultraviolet (UV)
radiation may also be broadly considered to exhibit anticancer activity, as UV exposure
induces oxidative DNA damage and cyclobutane pyrimidine dimers (CPDs), contributing
to photoaging and skin carcinogenesis [73].
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2. Peptides from the Deep Ocean Environments
Deep ocean environments represent an underexplored resource of natural compounds

with potential applications for human health. A depth below 1000 m is considered an
extreme environment [7]. The extreme conditions of temperature, pressure, and low light
have driven both benthic and planktonic organisms to evolve the production of unique
compounds, many of which show promising potential for drug discovery, particularly in an-
ticancer applications. Table 2 reports the list of peptides found in deep ocean environments
described in the literature to date.

Interesting examples of peptides isolated from organisms living at great depths are
the cyclic dipeptides diketopiperazines. They constitute a class of compounds possessing a
highly stable and versatile six-membered piperazine core, making them privileged scaffolds
in medicinal chemistry [74]. Typically biosynthesized from amino acids, they are regarded
as secondary metabolites or byproducts of terminal peptide cleavage and primarily function
as cell signaling molecules. These compounds exhibit a wide range of biological activities,
including antitumor effects [75,76]. Due to their chiral, rigid and highly functionalized
structures, diketopiperazines can bind to numerous receptors with high affinity, resulting
in diverse biological activities [70]. Consequently, they represent attractive scaffolds for the
discovery of new lead compounds and the rational design of novel therapeutic agents.

Zhang et al. [77] isolated seven diketopiperazines from the actinomycete Nocardiopsis
alba strain SCSIO 03039 collected from the sediments of the Indian ocean (1000 m depth) [77].
Among the seven peptides, methoxyneihumicin showed cytotoxic activity against breast
cancer MCF-7 cells and glioblastoma SF-268 cells, with IC50 values of 4.6 and 12.7 µM,
respectively. In addition, a compound named XR334 exhibited a slight cytotoxicity against
the MCF-7 and SF-268 cells, with an IC50 value of 22.0 and 22.6 µM, respectively. Although
the authors did not elucidate the mechanism of action underlying cytotoxicity [77], the
mechanisms of action of diketopiperazines are known to involve several key cellular pro-
cesses, including the inhibition of tubulin polymerization leading to cell cycle arrest at the
G2/M phase [19], the induction of mitochondrial apoptosis with the loss of mitochondrial
membrane potential, the reduction in ROS production and the interference with PI3K/Akt
and MAPK/ERK pathways [78].

Zhou et al. [79] isolated a sequential tristhiazole-thiazoline-containing cyclic peptide,
marthiapeptide A, from the deep-sea actinomycetes Marinactinospora thermotolerans strain
SCSIO 00652 [79]. Marthiapeptide A showed strong cytotoxicity against a panel of human
cancer cells such as human glioblastoma cell line SF-268, the breast adenocarcinoma cell
line MCF-7, the lung carcinoma cell line NCI-H460, and the human hepatocarcinoma cancer
cell line HepG2, with IC50 of 0.38, 0.43, 0.47, and 0.52 µM, respectively [79].

Tian et al. [80] isolated two cyclic peptides called Microsclerodermins N and O from
the deep-sea marine sponge Pachastrella sp., collected at a depth of approximately 1000 m.
These compounds featured a rare p-ethoxyphenyl moiety within their macrocyclic scaffold,
contributing to their bioactivity. Microsclerodermins N and O showed cytotoxicity against
three human cell lines: the triple-negative breast cancer MDA-MB-231 line, the non-small
cell lung cancer NCI-H460 line, and the glioblastoma SF-268 line. IC50 values were 0.54 µM
on MDA-MB-231 cells, 0.67 µM on NCI-H460 cells, and 0.72 µM on SF-268 cells, while
Microsclerodermins O showed a slightly lower potency, with IC50 of 1.2 µM on MDA-MB-
231 cells, 1.8 µM on NCI-H460 cells, and 2.3 µM on SF-268 cells [80].

Sungsanpin, a 15-amino-acid peptide, was isolated from Streptomyces species iso-
lated from deep-sea sediment and showed an inhibitory activity in invasion assays on
lung A549 cancer cells [81] at concentrations of 5 and 50 µM. From the Rotating-frame
Overhauser Effect Spectroscopy (ROESY) NMR spectrum and three-dimensional structure,
Sungsanpin was shown to adopt a lasso peptide structure, in which eight amino acids
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(GFGSKPID) form a macrolactam ring, while a seven-residue tail (SFGLSWL) threads
through the ring. Um et al. [81] investigated the mechanism of action of sungsanpin in
A549 cells. Sungsanpin appeared to up-regulate the expression of tissue inhibitors of
metalloproteinases (TIMP-1 and TIMP-2), which inhibit extracellular matrix degradation
mediated by matrix metalloproteinases (MMPs) [81]. These results underscored the thera-
peutic potential of deep-sea-derived cyclic peptides and support further investigation into
their mechanisms of action and selectivity profiles [80].

Three new N-methylated cyclic tetrapeptides were isolated from the deep-sea fungus
Arachnomyces bostrychodes, collected from a cold seep chemosynthetic ecosystem, high-
lighting the potential of extreme marine environments as sources of structurally unique
peptides. These compounds, identified as Cyclo-(N-methyl-L-Leu-L-Ile-N-methyl-L-Leu-L-
Val), Cyclo-(N-methyl-L-Leu-L-Val)2, and Cyclo-(N-methyl-L-Leu-L-Ile)2, belong to a rare
class of cyclic tetrapeptides containing two N-methylated amino acid residues. Despite
structural features typically associated with enhanced stability and membrane permeability,
these peptides did not show significant cytotoxic, antimicrobial, proteasome inhibitory,
or anti-osteoclastogenic activities under the tested conditions, suggesting that their bi-
ological roles in cold seep ecosystems and their potential bioactivities require further
investigation [82].

In a study on the deep-sea cold-seep-derived fungus Talaromyces amestolkiae, two
peptide-based compounds, talarodipeptides A and B, were identified among a broader set
of secondary metabolites, establishing once again the biosynthetic potential of microorgan-
isms from extreme marine environments. These compounds are small cyclic dipeptides
(diketopiperazine derivatives), structurally derived from amino acid precursors (e.g., P and
F residues), and representing a simple yet relevant class of marine peptides. Despite their
peptide nature, talarodipeptides A–B did not exhibit significant antibacterial or cytotoxic
activities under the tested conditions, in contrast to other non-peptidic metabolites reported
in the same study. Their occurrence nevertheless reinforces the role of cold seep ecosystems
as underexplored reservoirs of peptide scaffolds, which may display ecological functions
or bioactivities not captured by standard in vitro assays and thus need further studies [83].

Finally, as reported in Section 5, various peptides have been identified from the deep-
sea Rhodococcus sp. I2R by using genome mining associated with mass spectrometry [84].
In particular, of the identified molecules, the fraction 5 and rhodoheptin mixture showed
moderate antiproliferative activity at 500 µg/mL on human A375 melanoma cells [84].

Table 2. Peptides isolated from marine organisms living in deep environments showing anticancer
properties. Abbreviations: MCF-7 stands for human breast cancer cells; SF-268 stands for human
glioblastoma cells; NCI-H460 stands for hypotriploid human cells; HepG2 stands for human hepato-
cellular carcinoma cells; MDA-MB-231 stands for human breast cancer cells; A549 stands for human
adenocarcinoma cells.

Protein
Name/Peptide

Sequence
Anticancer Activity Active

Concentration In Vitro/In Vivo Mechanism
of Action Reference

Fraction 5 and
rhodoheptin mixture

Human A375
melanoma cells. 500 µg/mL In vitro - [84]

Methoxyneihumicin

Human breast cancer
cells MCF-7;

Human glioblastoma
cells SF-268

IC50: 4.6 µM;
IC50: 12.7 µM In vitro - [77]
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Table 2. Cont.

Protein
Name/Peptide

Sequence
Anticancer Activity Active

Concentration In Vitro/In Vivo Mechanism
of Action Reference

XR334

Human breast cancer
cells MCF-7;

Human glioblastoma
cells SF-268

IC50: 22.0 µM;
IC50: 22.6 µM In vitro - [77]

Marthiapeptide A

Human glioblastoma
cells SF-268; human

breast cancer cells MCF-7;
typotriploid human cells

NCI-H460; Human
hepatocellular carcinoma

cells HepG2

IC50: 0.38 µM;
IC50: 0.43 µM;
IC50: 0.47 µM;
IC50: 0.52 µM

In vitro - [79]

Microsclerodermins N

Human breast cancer
cells MDA-MB-231;

Hypotriploid human
cells NCI-H460;

Human glioblastoma
cells SF-268

IC50: 0.54 µM;
IC50: 0.67 µM;
IC50: 0.72 µM

In vitro - [80]

Microsclerodermins O

Human breast cancer
cells MDA-MB-231;

Hypotriploid human
cells NCI-H460;

Human glioblastoma
cells SF-268

IC50: 1.2 µM;
IC50: 1.8 µM;
IC50: 2.3 µM

In vitro - [80]

Sungsanpin (1),
15-amino-acid peptide

Human adenocarcinoma
cells A549 5 and 50 µM In vitro

Inhibition
of cell

invasion
[81]

3. Peptides from the Polar Environments
In addition to deep ocean environments, several peptides have been reported from

cold habitats for antioxidant, anti-inflammatory, and anticancer activity.

3.1. Antioxidants

Table 3 summarizes peptides from marine organisms living in polar environments
that have been reported to possess antioxidant properties. A diketopiperazine, cyclo-(L-
Pro-L-Tyr), and a linear peptide L-Tyr-L-Val-L-Pro-L-Leu were isolated from the cell-free
culture supernatant of the Antarctic psychrophilic bacterium P. haloplanktis TAC125 with
antioxidant activity (evaluated by a DPPH free radical scavenging assay) [85].

Other examples are represented by peptides encrypted within native proteins of
organisms such as Antarctic krill, fish, and mollusks, and are released through enzymatic
hydrolysis exhibiting structural characteristics that confer stability and activity to them.

Antarctic krill (Euphausia superba) protein hydrolysates yielded antioxidant peptides
such as SLPY, QYPPMQY, and EYEA, with scavenging activities on DPPH (EC50 values
of 1.18 ± 0.036, 1.547 ± 0.150, and 1.372 ± 0.274 mg/mL, respectively), HO. (EC50 values
of 0.826 ± 0.027, 1.022 ± 0.058, and 0.946 ± 0.011 mg/mL, respectively), and superox-
ide anion radical (EC50 values of 0.789 ± 0.079, 0.913 ± 0.007, and 0.793 ±0.056 mg/mL,
respectively) analyses. These peptides also demonstrated reducing power, inhibition of
lipid peroxidation, and protection against H2O2-induced DNA damage [86]. The same
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krill peptides also showed ACE-inhibitory activity (SLPY: IC50 0.3715 mg/mL; QYPPMQY:
IC50 0.2903 mg/mL; EYEA: IC50 0.3375 mg/mL), ameliorating hypertension via signifi-
cantly inhibiting ACE activity and protecting HUVECs against oxidative damage [87]. The
mechanism revealed that SLPY, QYPPMQY, and EYEA activated the Keap1/Nrf2 pathway
in HUVECs by significantly up-regulating Nrf2 protein expression and its nuclear level.
The Keap1/Nrf2 pathway is a central endogenous antioxidant defense system and a key
regulator of antioxidant molecules. It controls the expression of antioxidant factors and
detoxification enzymes, enabling the timely and efficient removal of excess ROS [88]. SLPY,
QYPPMQY, and EYEA were shown to up-regulate intracellular Nrf2 protein levels and
promote the dissociation of Nrf2 from Keap1, facilitating its translocation into the nucleus.
However, molecular docking analyses indicated that these peptides do not bind to the
active sites of Keap1, suggesting that they activate the Keap1/Nrf2 pathway by promot-
ing Nrf2 nuclear translocation through a non-competitive mechanism. This activation
subsequently enhanced the activity of downstream proteases, promoted NO production,
and reduced ROS, MDA, and LDH levels, decreasing oxidative stress in H2O2-damaged
HUVECs and reinforcing their potential as nutraceuticals and therapeutic agents for oxida-
tive stress-related disorders [88]. Other krill-derived peptides, particularly LKPGN and
LQP [89] demonstrated significant radical scavenging capacity against hydroxyl, DPPH,
and superoxide radicals. In cellular assays, LKPGN and LQP effectively protected Chang
liver cells from H2O2-induced oxidative stress by enhancing cell viability and reducing
apoptosis rate. They increased antioxidant enzyme activities (SOD, GPX), reducing reactive
oxygen species (ROS), increasing mitochondrial membrane potential and lowering lipid
peroxidation and DNA damage.

The Antarctic krill peptide SSDAFFPFR significantly suppressed the decrease in SOD
activity and decreased ROS content induced by scopolamine in PC12 cells, as well as inhibited
the expression of Bax, Caspase-3 and p53 and promoted the expression of BCL-XL, thereby
protecting PC12 cells from the effects of oxidative stress [90]. The Antarctic krill peptide
FPF derived from the antioxidant-rich Antarctic krill peptide SSDAFFPFR, reduced ROS and
MDA levels, and increased SOD activity and unsaturated lipid levels in mice, decreased the
expression level of Caspase-3 in mice and improved energy metabolism in HT22 cells [91].

Collagen peptides derived from the Antarctic jellyfish Diplulmaris antarctica represent
another example of bioactive polar marine peptides. In a model of high-calorie diet-induced
obesity, oral administration of low-molecular-weight collagen peptides (<10 kDa) reduced
body weight gain and body mass index, improved markers of insulin resistance, and
restored antioxidant status by increasing SOD activity and reducing levels of oxidatively
modified proteins [92].

Table 3. Peptides isolated from marine organisms living in polar environments showing antioxidant
properties. Abbreviations: ROS stands for reactive oxygen species, SOD for superoxide dismutase
ACE inhibitors stand for Angiotensin-converting-enzyme inhibitors; HUVECs stand for Human
umbilical vein endothelial cells; Keap1 stands for Kelch-like ECH-associated protein 1, and Nrf2
stands for nuclear factor erythroid 2-related factor 2; GPX stands for glutathione peroxidase; PC12
cells stand for a cell line derived from a pheochromocytoma of the rat adrenal medulla.

Peptide Sequence Activity Active
Concentration

In Vitro/
In Vivo Mechanism of Action Reference

Cyclo-(L-Pro-L-
Tyr) and

L-Tyr-L-Val-L-Pro-
L-Leu

Antioxidant
activity evaluated

by a DPPH free
radical scavenging

assay

10 mmol–1 mmol In vitro - [85]
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Table 3. Cont.

Peptide Sequence Activity Active
Concentration

In Vitro/
In Vivo Mechanism of Action Reference

SLPY, QYPPMQY,
and EYEA

ACE-inhibitory
with protection of
HUVECs against
oxidative damage

SLPY: IC50
0.3715 mg/mL,

QYPPMQY: IC50
0.2903 mg/mL
and EYEA: IC50
0.3375 mg/mL

In vitro

Keap1/Nrf2 pathway in
HUVECs by significantly

up-regulating Nrf2 protein
expression and its nuclear

level

[87]

LKPGN and LQP

Protection of
Chang liver cells

from
H2O2-induced
oxidative stress

- In vitro

Increase in antioxidant
enzyme activities (SOD, GPX),
reduction in ROS, increasing

mitochondrial membrane
potential and lowering lipid

peroxidation and
DNA damage.

[89]

Antarctic krill
peptide

SSDAFFPFR

Pheochromocytoma
PC12 cells - In vitro

Suppression of the decrease in
SOD activity and decreased

ROS content induced by
scopolamine, as well as

inhibition of the expression of
Bax, Caspase-3 and p53 and

promotion of the expression of
BCL-XL

[90]

FPF from an
antioxidant-rich
Antarctic krill

peptide
SSDAFFPFR

Mouse
hippocampal

neuronal HT22
cells; mice

In vitro;
in vivo

Reduced ROS and MDA
levels, and increased SOD

activity and unsaturated lipid
levels in mice, decreased the
expression level of Caspase-3
in mice and improved energy

metabolism in HT22 cells

[91]

3.2. Anti-Inflammatory Activity

Mass spectrometry-guided isolation revealed the serine dipeptide lipopeptide Lipid
430, produced by two Algibacter sp. strains of marine origin isolated from invertebrate-
associated microbiota in the Barents Sea, specifically from the bryozoan Alcyonidium
gelatinosum and the soft coral Gersemia rubiformis [93]. Beyond its antibacterial activity,
Lipid 430 is structurally related to bioactive serine-dipeptide lipids known to modulate
innate immune signaling. It acts as a ligand of Toll-like receptor 2 (TLR2), a key receptor
in inflammatory responses, thereby modulating inflammatory signaling and exerting a
context-dependent anti-inflammatory effect. Table 4 summarizes peptides showing anti-
inflammatory activities.

High Fischer ratio oligopeptides from Antarctic krill Euphausia superba (HFOPs-AK)
have demonstrated significant hepatoprotective effects in a mouse model of alcoholic liver
injury [94]. HFOPs-AK improve liver and kidney histology, reduce serum markers of hepa-
tocellular damage (ALT, AST), correct alcohol-induced dyslipidemia, and strongly suppress
inflammation by decreasing TNF-α and IL-6 levels, up-regulating IκBα, and inhibiting
NF-κB activation. These oligopeptides also enhance antioxidant defenses, reduce oxidative
stress, suppress CYP2E1 activity, and regulate lipid metabolism through AMPK/Nrf2/IκBα
signaling pathways [94].
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Table 4. Peptides isolated from marine organisms living in polar environments showing inflammatory
properties. Abbreviations: TLR2 for ligand of Toll-like receptor 2; ALT for Alanine Aminotransferase;
AST for Aspartate Aminotransferase.

Peptide Sequence Activity Mechanism of Action Reference

Serine dipeptide
lipopeptide
Lipid 430

Modulate innate
immune signaling,

serves as a ligand of
Toll-like receptor 2

(TLR2)

- [93]

HFOPs-AK
(Oligopeptides)

Improve liver and
kidney histology,

educe serum markers
of hepatocellular

damage (ALT, AST),
correct

alcohol-induced
dyslipidemia

Suppress inflammation by
decreasing TNF-α and

IL-6 levels, up-regulating
IκBα, and inhibiting

NF-κB activation,
suppress CYP2E1 activity,

and regulate lipid
metabolism through
AMPK/Nrf2/IκBα
signaling pathways

[94]

3.3. Anticancer Activity

Table 5 presents the peptides isolated from marine organisms inhabiting polar envi-
ronments that exhibit anticancer activity.

A rare bioactive diketopiperazine, cyclo-(L-Pro-L-Met) identified in the marine actino-
mycete Nocardiopsis sp. 03N67, isolated from the seaweed Undaria pinnatifida in the Arctic
region, exhibited anti-angiogenic activity against human umbilical vein endothelial cells
(HUVECs) [95]. Cyclo-(L-Pro-L-Met) inhibited TNFα-induced tube formation and invasion
at 10 mM, a concentration at which no cytotoxicity was observed. The anti-angiogenic
activity exhibited by cyclo-(L-Pro-L-Met) underscores its potential as a bioprobe for the
rational design and development of novel anticancer therapeutics based on small-molecule
scaffolds [95].

A cytotoxic polypeptide (MW: ~19 kDa), PBN11-8, purified from the fermentation
broth of an Antarctic marine Bacillus sp. N11-8, displaying high similarity to peptidase M84
from Bacillus pumilus, possessed moderate cytotoxicity towards several cancer cell lines with
IC50 values of 1.56, 1.80, 1.57, and 1.73 mg/mL against human hepatocellular carcinoma cell
line BEL-7402, human renal clear cell adenocarcinoma cell line 786-0, human hepatocellular
carcinoma cell line HepG2, and human pancreatic cancer cell line Panc-28, respectively [96].
Wound-healing migration and transwell assays demonstrated that PBN11-8 effectively
inhibited the migration and invasion of BEL-7402 cells. Further mechanistic analysis
revealed that PBN11-8 suppresses FAK-mediated adhesion, migration, and invasion by
disrupting FAK/ERK signaling and down-regulating matrix metalloproteinases MMP-2
and MMP-9 in BEL-7402 cells. Collectively, these findings indicated that PBN11-8 represents
a promising lead compound for the development of novel anticancer agents [96].

Three cyclic acylpeptides, named as mixirins A, B and C, from marine bacterium
Bacillus sp., obtained from sea mud near the Arctic pole, exhibited antitumor activities, in-
hibiting the growth of human colon tumor cells (HCT-116) with IC50 of 0.68, 1.6, 1.3 mg/mL,
respectively [97].

A homologous peptide of NK-lysin, an antimicrobial peptide originally identified in
mammals, has been identified in the head kidney transcriptome of the Antarctic teleost
Trematomus bernacchii [98]. Two synthetic peptides, NKL-WT (KLKSKLMVVCNKIGLLK-
SLCRKFVKSH) and NKL-MUT (KLKSKLMVVANKIGLLKSLARKFVKSH) showed an-
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ticancer activity. Notably, NKL-MUT possesses improved cytotoxicity and higher pro-
apoptotic activity compared to NKL-WT towards the melanoma cell line (B16F10), with
no significant side effects on fibroblasts (FB789), at all the analyzed concentrations (40 and
80 µM). Upon exposure to melanoma cells, NKL-MUT triggered DNA fragmentation and
apoptosis, supported by cell shrinkage, plasma membrane ruffling, and the disintegration
of cell fragments into apoptotic bodies. Additionally, secondary necrosis characterized
by the gradual loss of plasma membrane integrity in apoptotic cells was also detected in
tumor cells [98].

Table 5. Peptides with therapeutic potential isolated from marine organisms living in polar environ-
ments with anticancer activity.

Peptide Activity Active
Concentration

In Vitro/
In Vivo Mechanism of Action Reference

Diketopiperazine,
cyclo-(L-Pro-L-Met)

Anti-angiogenic activity in
human umbilical vein

endothelial cells (HUVECs)
10 µM In vitro Inhibition of TNF-α-induced

tube formation and invasion [95]

Mixirins A, B and C
Inhibition of the growth of
human colon tumor cells

HCT-116

IC50 0.68, 1.6,
1.3 mg/mL In vitro - [97]

Polypeptide PBN11-8

Cytotoxicity towards
human hepatocellular

carcinoma cell line
BEL-7402, human renal

clear cell adenocarcinoma
cell line 786-0, human

hepatocellular carcinoma
cell line HepG2, and

human pancreatic cancer
cell line Panc-28

IC50 1.56, 1.80,
1.57, and

1.73 mg/mL
In vitro

Suppression of focal
adhesion kinase

(FAK)-mediated adhesion,
migration, and invasion by

disrupting FAK/extracellular
signal-regulated kinase

(ERK) signaling and
down-regulating matrix

metalloproteinases MMP-2
and MMP-9 in BEL-7402 cells

[96]

NKL-WT (KLK-
SKLMVVCNKIGLLK-

SLCRKFVKS) and
NKL-MUT (KLK-

SKLMVVANKIGLLK-
SLARKFVKSH)

Cytotoxicity and
pro-apoptotic activity to

melanoma cell line
(B16F10)

40 and 80 µM
DNA fragmentation and
apoptosis and secondary

necrosis
[98]

4. Peptides from the Tropical Environment
Finally, another extreme environment for which peptides have been reported is char-

acterized by tropics which are characterized by high temperatures, increased humidity
and altered precipitation [99]. Compared to other extreme environments, tropical envi-
ronments emerged as the most peptide-rich. Tropics are environments well known to be
rich in biodiversity. Why so many species? There is still discussion about that, with many
‘historical’ and ‘ecological’ hypotheses recently centering mainly around phylogenetic
niche conservatism and ecological productivity [18]. However, there is still little consensus.
This very rich biodiversity in terms of species also corresponds to multiple molecules
produced by marine organisms for defense and communication purposes. In addition,
considering that it is easier to access to marine resources in tropics, compared to deep
or ice-covered environments, several studies have shed light on the tropical therapeutic
chemical diversity [18].

4.1. Antioxidants

Two fish species, Nemipterus japonicus and Exocoetus volitans, collected from Royapuram
Fishing Harbor in North of Chennai, India, were used to produce antioxidant peptides
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by muscle enzymatic hydrolysis with three distinct enzymes: pepsin, trypsin, and papain.
The highest antioxidant activity was found in trypsin hydrolysates with a value of 64%
for N. japonicus and 65.8% for E. volitans. This hydrolysate was then fractionated, and the
two most active fractions (fraction II for N. japonicus and fraction III for E. volitans) were
further fractionated. The antioxidant radical scavenging for all fractions was evaluated by
DPPH, hydroxyl radical scavenging and superoxide radical scavenging, finding scavenging
activity between 40 and 50% [100].

In a study by Sudhakar and Nazeer [98], the Indian squid Loligo duvauceli, collected
from the Royapuram, was used to evaluate the antioxidant activity of peptides. The
hydrolysis of L. duvauceli mantle was performed using three different enzymes: trypsin,
α-chymotrypsin and pepsin. The antioxidant potential of the active hydrolysates was
evaluated with DPPH, hydroxyl, superoxide radical scavenging assays, metal chelating
activity and reducing power ability. Although all three hydrolysates had an antioxidant
activity, the α-chymotrypsin hydrolysate showed the best activity. Results showed DPPH
radical scavenging (24.18 ± 0.33) at 1.5 mL/mL, hydroxyl radical scavenging (30.52 ± 0.82)
and superoxide radical scavenging (32.47 ± 0.68%) at 250 µg/mL. However, the derived
α-chymotrypsin hydrolysate exhibited an activity of 34.54 ± 0.7 for metal chelating activity
and an activity of 0.141 ± 0.008 for reducing power [101].

In a study by Leticia Olivera-Castillo and collaborators, sea cucumber (Isostichopus
badionotus), collected off the coast of Telchac Puerto, Yucatan, Mexico, was used to pro-
duce collagen peptides from the body wall. Collagen was solubilized with pepsin and
subsequently digested with papain. The supernatant was fractionated using a membrane
with cut-offs of 1 and 3 kDa obtaining collagen fractions of 1–3 kDa and >3 kDa. The
1–3 kDa fraction was subsequently fractionated by flash chromatography, finding 3 peaks.
All fractions were tested for their antioxidant activity by ABTS and ORAC assays. The
most active fraction was found to be the 1–3 kDa fraction and 1–3 kDa Peak 2. The 1–3 kDa
fraction measured approximately 150 nmol TE/mg in both the ORAC and ABTS assays,
while the 1–3 kDa Peak 2 fraction measured approximately 125 nmol TE/mg in the ABTS
assay and approximately 250 nmol TE/mg in the ORAC assay [102].

The swim bladder of Totoaba macdonaldi was also used for collagen extraction using
the classical method. The extracted collagen was digested with alcalase (HCA) and papain
(HCP). The ultrafiltered fractions (≤3 kDa) of the collagen hydrolysates were tested at
3.2 mg/mL for their antioxidant activity. The DPPH assay showed an antioxidant activity
(% of scavenging activity) of approximately 30% for HCP compared to approximately 40%
for HCA [103]. Table 6 enlists peptides and fractions from tropical marine environments
with antioxidant activity.

Table 6. Peptides/Fractions with antioxidant activity from tropical environments. Abbreviations:
DPPH for 2-diphenyl-1-picrylhydrazyl radical scavenging assay.

Protein/Peptide
Sequence/Fractions Activity

Percentage
Activity/Active
Concentration

In Vitro/In Vivo Reference

Trypsin hydrolysate;
Fraction II

Lipid peroxidation
inhibition ~64% In vitro [100]

Trypsin hydrolysate;
Fraction III

Lipid peroxidation
inhibition ~65.8% In vitro [100]

α-chymotrypsin
hydrolysate DPPH radical scavenging 24.18 ± 0.33%; 1.5 mg/mL In vitro [101]
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Table 6. Cont.

Protein/Peptide
Sequence/Fractions Activity

Percentage
Activity/Active
Concentration

In Vitro/In Vivo Reference

α-chymotrypsin
hydrolysate

Superoxide radical
scavenging 32.47 ± 0.68%; 250 µg/mL In vitro [101]

Collagen hydrolysate
(Alcalase, ≤3 kDa; HCA) DPPH radical scavenging ~40%; 3.2 mg/mL In vitro [103]

Collagen hydrolysate
(Papain, ≤3 kDa; HCP) DPPH radical scavenging ~30%; 3.2 mg/mL In vitro [92]

4.2. Anti-Inflammatory Peptides

Table 7 compiles peptides with anti-inflammatory properties derived from marine
organisms adapted to tropical environments. A 90-amino-acid residue lectin polypep-
tide, Hypnea cervicornis agglutinin (HCA), which was isolated from a red alga species,
Hypnea cervicornis, found along the North-East Brazilian Coast, was discovered to reduce
carrageenan-induced paw edema and inhibit neutrophil (neutrophils are the first respon-
ders to inflammation stimuli and which contribute to its resolution) migration in rats up to
90% at 10 mg/kg [104].

In Taori et al. [105], three analogues of dolastatin 13, a depsipeptide, and somamide B,
a cyclodepsipeptide, were isolated from a marine cyanobacterium, Lyngbya sp., from South
Florida. The four compounds exhibited strong inhibition of pancreatic elastase—a driver of
inflammation [105,106] with IC50 values from 3 to 10 nM. Other analogues of dolastatin 13
were isolated from Lyngbya sp., such as Lyngbyastatin 4, a depsipeptide found to inhibit
elastase with IC50 values of 0.03 µM [107]. Lyngbyastatins 5–10 inhibited porcine pancre-
atic elastase with IC50 values ranging from 3 to 210 nM [105,108]. A cyclodepsipeptide,
kempopeptin A, also showed potential anti-inflammatory activity by inhibiting elastase
with an IC50 of 0.32 µM [109].

Interleukin-5 is a pro-inflammatory cytokine that induces the activation of eosinophils
which plays a key role in allergic inflammation and asthma [110]. Oh et al. [111] investi-
gated the immunosuppressive properties of two new cyclic peptides, thalassospiramides
A and B, that were isolated from a new member of the marine α-proteobacterium Thalas-
sospira. Thalassospiramide B inhibited interleukin-5 production with an IC50 of 5 µM for
thalassospiramide B, resulting in potential anti-inflammatory activity [111].

Three diketopiperazines were isolated from marine-derived bacteria from Jeju Island in
South Korea (Bacillus sp. HC001 and Piscicoccus sp. 12L081), and found to be potent agents
targeting TGFBIp to treat severe vascular inflammatory disease [112]. Two diketopiper-
azines were isolated from Bacillus sp. HC001: cyclo (L-Pro-D-Val) and cyclo (L-Pro-L-Tyr),
and one from Piscicoccus sp. 12L081: cyclo (L-Pro-D-Leu). An in vitro study highlighted the
inhibition of TGFBIp by the three diketopiperazines at an optimal concentration of 10 µM
stimulated with LPS, similar results were found in in vivo study with mice treated with
10 µM.

Two cyclic peptides, including an aspochracin-type cyclic tripeptide sclerotiotide L
(cyclo-(Thr-O-MeTyr-N-MeAla-Ile)) and a diketopiperazine dimer, were isolated from the
tropical marine sponge-derived fungus Aspergillus violaceofuscus [113], and showed activity
on the cytokine IL-10 expression of the LPS-induced THP-1 cells with 84.3 and 78.1%
inhibition rate at 10 µM.

https://doi.org/10.3390/antiox15050615

https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 16 of 38

New peptides named acrepeptins A (N-Ac-Gln-Ile-N-Me-Ile-Ile-NMe-Val-N-Me-Ile-
N-MeIle-N-Me-Leu) and C (N-Ac-Gln-Ile-N-Me-Ile-Ile-N-Me-Ile-N-Me-Ile-N-MeIle-N-Me-
Leu) showed inhibitory activities on nitric oxide production in LPS-induced microglial
BV-2 cells with IC50 values of 12.0 and 10.6 µM, respectively. These new peptides were
isolated from the subtropical region of Taiwan from the red alga Mastophora rosea-derived
fungal strain Acremonium sp. NTU492 [114].

Largazole, a cyclodepsipeptide, known to be a potent histone deacetylase inhibitor
(HDACis), which was isolated from a tropical cyanobacterium of the genus Symploca, was
characterized by Bhansali et al. [115] and studied by Ahmed et al. [116] for its modulation
of several inflammation pathways. Indeed, treatment of rheumatoid arthritis (RA) synovial
fibroblasts with the compound at 5 µM inhibited TNF-α-induced matrix metalloproteinase-
2 (MMP-2) activity by up to 35%, a key factor in joint destruction in RA. This effect was
accompanied by inhibition of TNF-α-induced nuclear translocation of NF-κB p65, which is
associated with MMP-2 regulation.

From the Floridian cyanobacterium Okeania lorea, two linear depsipeptides, grassys-
tatins A and B were isolated and found to have modulated inflammatory activities [117]
against two proteases, cathepsin D and E, which are involved in anti-inflammatory activ-
ity by promoting neutrophil apoptosis and clearing damaged tissue for cathepsin D and
pro-inflammatory activity by enhancing the production of pro-inflammatory cytokines for
cathepsin E. Grassystatin A inhibited cathepsins D and E with IC50 values of 26.5 nM and
886 pM, respectively. Grassystatin B also inhibited cathepsins D and E with IC50 values of
7.27 nM and 354 pM, respectively.

An analogue of dolastatin 13, molassamide, which contains 6 common amino acids
(Val-N-Me-Tyr-Phe-Ahp-Abu-Thr), was isolated from a cyanobacterial assemblage of Di-
chothrix utahensis collected from Florida and showed protease-inhibition activity against
elastase with IC50 value of 0.032 µM [118].

Two other depsipeptide analogues of dolastatin 13 are bouillomides A (Val-N-Me-Tyr-
Phe-Ahp-Abu-Thr-Val-Ala-Ba) and B. These two have the same amino acid sequence but the
N-Me-tyrosine unit from bouillomide A is replaced by a brominated N-Me-Tyr unit. They
were isolated from Lyngbya bouillonii [119], from Guam, an island with tropical weather.
Both depsipeptides were found to inhibit elastase with an IC50 value of 1.9 µM [119].

Didemnin A and B also belonging to the class of cyclic depsipeptides, were isolated
from the Caribbean tunicate Trididemnum solidum [120], which is of great interest for its
anticancer properties. These molecules were found to show anti-inflammatory activity
by inhibiting the inducible nitric oxide synthase (iNOS) and the nuclear factor-kappa B
(NF-κB) activity, with an IC50, respectively, of 0.2 and 0.002 µM and 0.2 and 0.03 µM.

In the study of Festa et al. [121], two cyclic peptides, perthamides C and D, were
isolated from the tropical marine sponge Theonella swinhoei. Perthamide C reduced
carrageenan-induced paw edema up to 60% at 300 µg/kg. New perthamides analogues
of perthamide C were isolated from Theonella swinhoei. Perthamide J (ADAA, replacing
Nδ-c-β-OSO3Asn residue in perthamide C) reduced carrageenan-induced paw edema most
significantly [122].

The cyclic heptapeptide, stylissatin A (cyclo-(Tyr1-Phe7-Pro6-Ile5-Pro4-Phe3-Ile2)),
isolated from the tropical marine sponge Stylissa massa, inhibited nitric oxide production in
LPS-stimulated RAW264.7 macrophages, with an IC50 of 87 µM [123].

Cyclic diketopiperazines, named DKP 1 (L-Hyp-L-Ala) and DKP 5 (L-Pro-L-Ala),
isolated from the tropical marine sponge Callyspongia sp. showed to stimulate IL-10
production and inhibit TNF-α when murine macrophage-like cell line J774A.1 were treated
at 5 µg/mL [68].
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In Felician et al. [124], two collagen peptides, CP1 and CP2, derived from the jellyfish
Rhopilema esculentum, enhanced human umbilical vein endothelial cells (HUVEC) migration
at 6.25 µg/mL by increasing the expression of TGF-β1 and b-FGF, factors that serve as
signals to recruit inflammatory cells. The in vivo study of Felician et al. [124] on mouse
wounds when treated at 0.9 g/kg, showed both collagen peptides to accelerate healing by
promoting fibroblast production and chemotactic factors.

In the study of Narayanasamy et al. [125], anti-inflammatory peptide hydrolyzed by
trypsin, LGLGAAVL (713.456 Da), isolated from the leg of the marine crab Charybdis natator
from the Royapuram coastal area in India, showed anti-inflammatory activity by inhibiting
albumin denaturation by 91% and preventing destabilization of human red blood cell
(HRBC) membranes by 50%. The trypsin-generated peptide exhibited anti-inflammatory
activity on LPS-stimulated RAW264.7 macrophages at 50–200 µg/mL by reducing the
expression of COX-2 (pro-inflammatory cytokine).

In Wei et al. [126], a cathelicidin peptide of 30 amino acids, named Hc-CATH (KFFKRL-
LKSVRRAVKKFRKKPRLIGLSTLL), initially isolated from the tropical sea snake Hydrophis
cyanocinctus, has shown potent anti-inflammatory activity towards LPS-induced MPMs
(mouse peritoneal macrophages) by inhibiting 81% of NO production. The mechanism
behind this bioactivity was explained by the bindings of Hc-CATH with LPS, therefore
neutralizing its toxicity leading to an inflammatory cascade.

Katsuwonus pelamis, a species of tuna living in tropical to temperate water, has been
studied by Wang et al. [127] for its peptide called SEP (LLFTTQ). This peptide was shown
to have anti-inflammatory activity on transgenic zebrafish (by copper sulfate inflammation
induction) and in ulcerative colitis (nonspecific inflammatory disease of the colon and rec-
tum) mouse induced by dextran sulfate solution (DSS). For the transgenic zebrafish treated
at 500 µg/mL, a decrease in the aggregation of neutrophil granulocytes was observed.
For the DSS-induced UC in mice, the combination of a clinical drug, SASP, with SEP at
3 g/100 mL exhibited a regulation of pro-inflammatory and anti-inflammatory cytokines.

Table 7. Peptides with anti-inflammatory activity from tropical environments. Abbreviations: LPS for
lipopolysaccharide; HUVECs for human umbilical vein endothelial cells; TGFBIp for transforming
growth factor β-induced protein; TNF-α for tumor necrosis factor; RA for rheumatoid arthritis; DSS
for dextran sulfate solution; UC for ulcerative colitis; SASP for salicylazosulfapyridine.

Protein/Peptide
Sequence

Anti-Inflammatory
Activity

Active
Concentration

In Vitro/
In Vivo Mechanism of Action Reference

Acrepeptin A LPS-induced
microglial BV-2

IC50: 12 µM
In vitro

Inhibition of nitric oxide
production [114]

Acrepeptin C IC50: 10.6 µM

Aspochracin-type cyclic
tripeptide sclerotiotide L LPS-induced THP-1 10 µM In vitro Reduction in LPS-induced

expression of IL-10 [113]

Bouillomides A and B Elastase IC50: 1.9 µM In vitro Inhibition of serine protease
elastase [119]

Collagen peptides (CP1
and CP2)

Human umbilical
vein endothelial

HUVECs
6.25 µg/mL In vitro

CP1 and CP2 enhanced
HUVEC migration by 75.49%

and 73.65%

[124]

Mouse wounds 0.9 g/kg In vivo
(mouse)

Increased signs of
re-epithelialization,

regeneration and collagen
deposition
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Table 7. Cont.

Protein/Peptide
Sequence

Anti-Inflammatory
Activity

Active
Concentration

In Vitro/
In Vivo Mechanism of Action Reference

Didemnin A

Macrophages
RAW264.7 cells IC50: 0.2 µM

In vitro

Oxidative stress reduction

[120]

Chondrosarcoma
SW1353 cells IC50: 0.002 µM Reduction in inflammatory

enzymes expression

Didemnin B

Macrophages
RAW264.7 cells IC50: 0.2 µM Oxidative stress reduction

Chondrosarcoma
SW1353 cells IC50: 0.03 µM Reduction in inflammatory

enzymes expression

Cyclo(L-Pro-D-Val)
Cyclo(L-Pro-L-Tyr)
Cyclo(L-Pro-D-Leu)

human umbilical
vein endothelial

HUVECs

10 µM
stimulated with
100 ng/mL of

LPS

In vitro
Inhibited LPS-induced

TGFBIp release and mRNA
expression

[112]

Mouse serum 10 µM In vivo
(mouse)

Reduced TGFBIp release,
vascular permeability and

leukocyte migration

Compound 3
(Diketopiperazine

dimer)
LPS-induced THP-1 10 µM In vitro Reduction in LPS-induced

expression of Interleukin-10 [113]

DKP 1 Murine
macrophage-like cell

line J774A.1
5 µg/mL In vitro Stimulation of Interleukin-10

and inhibition of TNF-α
[68]

DKP 5

Grassystatin A
- IC50: 26.5 nM - Inhibition of cathepsin D

[117]
- IC50: 886 pM - Inhibition of cathepsin E

Grassystatin B
- IC50: 7.27 nM - Inhibition of cathepsin D

- IC50: 354 pM - Inhibition of cathepsin E

HAC Carrageenan
solution 10 mg/kg

In vivo
(mouse

and rats)

Reduced
carrageenan-induced paw

edema and inhibited
neutrophil migration

[104]

Hc-CATH LPS-induced MPMs 4 µg/mL In vitro

Neutralized LPS by binding,
blocking its interaction with
the Toll-like receptor4/MD2

complex and inhibition of
genes that encode

inflammatory mediators

[126]

Kempopeptin A - IC50: 0.32 µM In vitro Elastase inhibition [109]

Largazole RA synovial
fibroblasts 5 µM In vitro

Inhibition of tissue
destruction and inflammatory

pathway
[116]

L-G-L-G-A-A-V-L
LPS-induced

RAW264.7
macrophages

50–200 µg/mL In vitro Reduction in expression of
cyclooxygenase-2-2 [125]

Lyngbyastatins 5–7

Porcine pancreatic
elastase

IC50: 3–10 nM

In vitro

Elastase inhibition [105]

Lyngbyastatins 8–10

IC50:
123 nM,
210 nM,
120 nM

Inhibition of porcine
pancreatic elastase [108]
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Table 7. Cont.

Protein/Peptide
Sequence

Anti-Inflammatory
Activity

Active
Concentration

In Vitro/
In Vivo Mechanism of Action Reference

Molassamide Elastase IC50: 0.032 µM In vitro Protease inhibition [118]

Perthamide C Carrageenan
solution injection 300 µg/kg In vivo

(mouse)

Reduction in
carrageenan-induced paw

edema

[121]

Perthamide J [122]

SEP

Copper
sulfate-Induced

transgenic zebrafish
500 µg/mL In vivo Reduction in the aggregation

of neutrophil granulocytes

[127]
DSS-induced UC in

mice
SASP + SEP at

3 g/100 mL In vivo

Reduction in
pro-inflammatory cytokines

and increase in
anti-inflammatory cytokines

Somamide B Porcine pancreatic
elastase IC50: 3–10 nM In vitro Elastase inhibition [105]

Stylissatin A
LPS-induced

RAW264.7
macrophages

87 µM In vitro Inhibition of nitric oxide
production [123]

Thalassospiramide B
Interleukin-5
production

inhibition assay
IC50: 5 µM In vitro Interleukin-5 production

inhibition [111]

4.3. Anticancer

Tropical marine ecosystems also harbor organisms producing numerous peptides
with antiproliferative/anticancer activities as summarized in Table 8. In a recent study
by Najm et al. [128], the anticancer activity of antimicrobial peptides (AMPs) obtained
from the mucous of Climbing perch Anabas testudineus, a fish which is common in Asia,
was investigated. The mucous was extracted, fractionated, and screened for antibacterial
activity to confirm the presence of AMPs. The fraction that was cytotoxic to MCF7 (breast
adenocarcinoma) and MDA-MB-231 (epithelial human breast cancer cell) was analyzed
to identify bioactive peptides. Two of them (AtMP1 and AtMP2) were then produced
synthetically. AtMP2 exhibited lower IC50 values against both cancer cell lines than AtMP1
and induced cell cycle arrest and apoptosis through regulation of p53, resulting in the
up-regulation of the pro-apoptotic gene (i.e., BAX) and the down-regulation of the anti-
apoptotic gene (i.e., BCL-2) and ultimately stimulating caspase-3 activation [128].

The cyclic peptide callyaerin G was discovered in 2008 through bioassay-guided
fractionation of the marine sponge Callyspongia aerizusa, sampled from waters near the
Indonesian city of Ambon. This compound was successfully isolated from the ethyl
acetate-soluble extract and subsequently evaluated for its biological activity. Cytotoxicity
screening revealed that callyaerin G exhibited significant antiproliferative effects against
the murine lymphoma L5178Y cell line, demonstrating an ED50 of 0.53 µg/mL [129].
Subsequent studies on C. aerizusa in 2010 resulted in the discovery of seven additional
novel (cyclic) peptides, designated as callyaerins A–F and H. Cytotoxicity evaluations
of these compounds against multiple cancer cell lines revealed that only callyaerins E
and H had notable antiproliferative activity. These two compounds exhibited potent
cytotoxic effects towards the L5178Y murine lymphoma cell line, with ED50 values of 0.39
and 0.48 µM, respectively. Structure–activity relationship analysis proposed the cytotoxic
potency of the callyaerin series is associated with the number of proline residues present
within their cyclic framework [129].
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Table 8. Anticancer proteins/peptides isolated from marine organisms in tropical environments.
Abbreviations: Half maximal inhibitory concentration (IC50), effective dose 50 (ED50), Lethal Concen-
tration 50 (LC50), 50% Growth Inhibition (GI50).

Peptide Sequence Anticancer Activity Active Concentration In Vitro/
In Vivo Mechanism of Action Reference

AtMP2
(TGIATSGLAT
FTLHTGSLA-

PAT)

Breast cancer (MCF7 and
MDA-MB-231)

IC50: 5.89 ± 0.14 µg/mL
for MCF7; IC50:

6.97 ± 0.24 µg/mL FOR
MDA-MB-231

In vitro
Cell cycle arrest and
apoptosis/caspase

activation
[128]

Callyaerin G Murine lymphoma
L5178Y cell line ED50: 0.53 µg/mL In vitro - [129]

Callyaerins E and
H

Murine lymphoma
L5178Y cell line

ED50: 0.39; ED50:
0.48 µM In vitro - [130]

Sansalvamide A
Pancreatic cancer cell

AsPC-1 and CD18
cell lines

Lowest effective
concentration of

20–50 µM
In vitro

G0/G1 cell cycle arrest in
cells, reduced cyclin D1,
cdk4 and 6, and elevated

p21 protein expression, and
up-regulated

cyclin-dependent kinase
inhibitors

[131]

Arenamides A
and B

Colon carcinoma
HCT-116 cells

IC50: 13.2; IC50:
19.2 µg/mL In vitro - [132]

Lucentamycins A
and B

Colon carcinoma
HCT-116 cells IC50: 0.20; IC50: 11 µM In vitro - [133]

Mechercharmycin
A

Cytotoxicity against lung
adenocarcinoma A549

and Jurkat leukemia cells
IC50: 0.04 µM In vitro - [134]

Thiocoraline

Murine leukemia P388,
lung adenocarcinoma
A549, and melanoma

MEL288 cells

IC50: 0.002 µM In vitro

Induced G1 phase arrest
and slowed S phase

progression through DNA
bisintercalation and DNA
polymerase α inhibition

[135,136]

Salinosporamide
A

Central nervous system
(CNS) SF-539, non-small

cell lung NCI-H226,
melanoma SK-MEL-28
and breast cancer cells

MDA-MB-435

LC50 less than 10 nM In vitro - [137]

Similanamide

Breast adenocarcinoma
MCF-7, non-small-cell
lung cancer NCI-H460,

and melanoma cell lines

GI50: 115–125 µg/mL In vitro - [138]

Bistratamides H
and J

Colon carcinoma
HCT-116 cells

IC50: from 1.7 and
1 µg/mL. In vitro - [139]

Microcionamides
A and B

Substantial
cytotoxicity effects

towards human breast
cancer cell lines (MCF-7

and SKBR-3)

- In vitro - [140]

Bouillonamide Neuron 2a mouse
neuroblastoma cells IC50: 6.0 µM In vitro - [141]

KT2 and RT2
Adenocarcinoma HeLa
cells and epidermoid
carcinoma CaSki cells

IC50: 28.7–53.4 µM; IC50:
17.3–30.8 µM In vitro Induced apoptotic cell death [142]
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Table 8. Cont.

Peptide Sequence Anticancer Activity Active Concentration In Vitro/
In Vivo Mechanism of Action Reference

Dolastatin 11

Lung carcinoma
NCI-H460 cells,
adenocarcinoma
OVCAR-3 cells,

glioblastoma SF-295 cells,
and colon

adenocarcinoma
KM20L2 cells

nM range In vitro Microfilament disruption [143]

Dolastatins 10

Adenocarcinoma
OVCAR-3 cells,

glioblastoma SF-295 cell,
kidney carcinoma A498
cells, Lung carcinoma

NCI-H460 cells, colon ad
KM20L2 cells, and

melanoma
SK-MEL-5 cells

GI50: 9.5 × 10−7 µg/mL;
GI50: 7.6 × 10−6 µg/mL;
GI50: 2.6 × 10−5 µg/mL;
GI50: 3.4 × 10−6 µg/mL;
GI50: 4.7 × 10−6 µg/mL;
GI50: 7.4 × 10−6 µg/mL

In vitro - [144]

Largazole Mammary epithelial
MDA-MB-231 cells GI50: 7.7 nM In vitro - [145]

Kalkitoxin Breast ductal carcinoma
T47D cells low nanomolar range In vitro

Inhibition of mitochondrial
oxygen consumption at
electron transport chain

(ETC) complex 1
(NADH-ubiquinone

oxidoreductase), preventing
the secretion of

hypoxia-induced
VEGF protein

[146]

Apratoxin A

Colorectal
adenocarcinoma LoVo
cells and papilloma KB

cancer cells

IC50:0.36 nM; IC50:
0.52 nM In vitro

Cell cycle arrest, apoptosis,
inhibition of

phosphorylation of
transcription factor STAT3

[147]

Linear
polypeptide

(PG155)

Human umbilical vein
endothelial HUVECs 20 µg/mL In vitro

Inhibition of VEGF
mediated migration and

tubulogenesis of HUVECs
[148]

Pardaxin Human fibrosarcoma
HT-1080 cells IC50: 14.52 ± 0.18 µg/mL In vitro

Apoptosis, by virtue of
increase in externalization

of plasma membrane
phosphatidylserine and
chromatin condensation,

elevated caspase-3/7
activities, disrupted

mitochondrial membrane
and pile-up of ROS

[147]

Kahalalide F

Prostate carcinoma
DU145 cells, cervical

adenocarcinoma HeLa
cells, colorectal

adenocarcinoma (HT29)
cells, and head and neck

HN30 cancer cells

- In vitro
Suppressed the

advancement cell cycle to
G1 from G0 phase

[149]
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Table 8. Cont.

Peptide Sequence Anticancer Activity Active Concentration In Vitro/
In Vivo Mechanism of Action Reference

Kahalalide F

Hormone-independent
prostate tumors, along

with neu+
(HER2-overexpressing)

breast cancer tumors and
neuroblastoma

Maximum tolerated
dose in animal models

was 300 µg/kg
(corresponding to

1800 µg/m2)

In vivo - [150,151]

Jaspamide or
Jasplakinolide

Human prostate
carcinoma DU-145 cells,
adenocarcinoma PC-3
cells, and Lewis lung

carcinoma LNCaP cells

Destroying 1 log of cells
with 0.8, 0.3 and 0.07 µM In vitro Growth inhibition [152]

Geodiamolides A,
B, H, and I

Breast cancer T47D,
MCF-7 and Hs578T

cell lines
- In vitro

Alterations in actin
cytoskeleton, Geodiamolide

H triggers significant
phenotypic changes,

reduced cellular migration
and invasion in Hs578T cells

[153,154]

Cytotoxic peptide
(SBP)

Human carcinoma
BEL-7402, human colon
carcinoma RKO, human

lung carcinoma A549,
human glioma U251 and

human breast cancer
MCF-7 cells.

IC50: 7.15 µM; IC50:
10.45 µM; IC50: 8.41 µM;

IC50: 6.49 µM; IC50:
3.38 µM

In vitro - [155]

Microcolins A, B,
C, D, E, F,

G, H, I, J, K, M, 3,4-
dihydromicrocolins

A and B, 3,4-
dihydromicrocolin

D

Human lung cancer
H-460 cells

IC50: from 6 nM to
5.0 µM. In vitro - [156]

Lyngbyabellin G,
O, and P

Human breast carcinoma
MCF-7 cells

IC50: 120, >160, IC50:
9 µM, respectively In vitro - [157]

Lyngbyabellin H
and 27-

deoxylyngbyabellin

human breast carcinoma
MCF-7 cells IC50: 0.07; IC50: 0.31 µM In vitro - [157]

Sarcophyton is one of the broadly distributed genera of soft corals in the tropical and
sub-tropical oceans, with about 30 species collected and screened for the prospecting of
secondary metabolites and particularly fatty acids with cytotoxic activity against brine
shrimps. Soft corals are rich in cembranoids (a type of diterpenes) which are present at
concentrations up to 5% of dry weight. In vitro cytotoxicity testing has revealed that furano-
cembranoids and decariyol isolated from Nephthea sp. and Sarcophyton cherbonnieri exhibited
significant cytotoxicity against several cancer cell lines, including gastric epithelial, liver
and breast cell lines [158]. A peptide known as Sansalvamide A isolated from marine
fungus of genus Fusarium, and its analogues reduced pancreatic cancer cell growth in AsPC-
1 and CD18 cell lines. Treatment with concentrations of 20–50 µM for 24 h significantly
inhibited DNA synthesis (p < 0.001). Using the lowest effective concentration of 20 µM, cell
counts at 24, 48, and 72 h showed significant growth inhibition in both cell lines (p < 0.001
at 72 h). The treatment resulted in G0/G1 cell cycle arrest, suppressed cyclin D1, cdk4 and
6, and enhanced protein expression of p21 in both cell lines while the cyclin-dependent
kinase inhibitors were significantly up-regulated in both CD18 and AsPC-1 cells [131].
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Marine-derived actinomycetes (e.g., Salinispora tropica and S. arenicola) are broadly
disseminated in tropical and subtropical ocean sediments [159]. Arenamides A–C, three
novel cyclohexadepsipeptides, were isolated from the fermentation broth of the marine
bacterium S. arenicola obtained from a marine sediment sample collected off the Great
Astrolab Reef, in the Kandavu Island chain, Fiji. Arenamides A and B showed modest
cytotoxic activity against HCT-116 cells, with IC50 values of 13.2 and 19.2 µg/mL, respec-
tively [132]. Marine actinomycetes from tropical waters have yielded promising anticancer
peptides. Lucentamycins A-D, 3-methyl-4-ethylideneproline-containing peptides synthe-
sized by Nocardiopsis lucentensis from Bahamian sediments, demonstrated cytotoxic activity
against HCT-116 cells, with lucentamycins A and B showing IC50 values of 0.20 and 11 µM,
respectively. The inactivity of lucentamycins C and D suggested that an aromatic ring is
required for bioactivity [133].

Mechercharmycins, isolated from Thermoactinomyces sp. in sea mud from the Republic
of Palau, exhibited structure-dependent anticancer activity. Mechercharmycin A, with its
cyclic structure, showed potent cytotoxicity against lung adenocarcinoma A549 and Jurkat
leukemia cells (IC50: 0.04 µM), while the non-cyclic mechercharmycin B was inactive even
at 1 µM, indicating that cyclic structure is crucial for antitumor activity [134].

Thiocoraline, a bicyclic octathiodepsipeptide produced by Micromonospora sp., isolated
from soft coral off the Mozambican coast in the Indian Ocean [135,160] exhibited strong
cytotoxicity against murine leukemia P388, lung adenocarcinoma A549, and melanoma
MEL288 cells (IC50 = 0.002 µM), with 5-fold higher activity compared to colon adenocar-
cinoma HT-29 cells (IC50 = 0.01 µM) [135]. In colon cancer cell lines LOVO and SW620,
thiocoraline induced G1 phase arrest and slowed the S phase progression through DNA
bisintercalation and DNA polymerase α inhibition [136].

Salinosporamide A is the most known compound of mixed polyketide-nonribosomal
peptides (NRPSs), which serves as potential inhibitor of 20 S proteasome for treatment
of cancer [161]. This compound is produced by S. tropica strain CNB-392, obtained from
shallow sediment (approximately 1 m depth) in a mangrove ecosystem at Chub Cay, Ba-
hamas, as well as by additional S. tropica strains CNB-440 and CNB-476, also obtained from
Bahamian locations [135,162]. Salinosporamide A exhibited significant in vitro cytotoxicity
against HCT-116 cells with an IC50 of 11 ng/mL and appears to be highly selective towards
NCI- 60 cell line panel. The highest activity was reported against non-small cell lung cancer
NCI-H226, central nervous system cancer SF-539, melanoma SK-MEL-28 and breast cancer
MDA-MB-435 cell lines (all with LC50 values lower than 10 nM) [137].

Similanamide, a novel cyclohexapeptide, was isolated from Aspergillus similanensis
KUFA0013, a fungal strain associated with the marine sponge Rhabdermia sp. collected
from coral reefs at the Similan Islands, Thailand, at 10 m depth [163]. Similanamide dis-
played modest cytotoxicity towards MCF-7, NCI-H460, and melanoma cell lines, with GI50

values of 115–125 µg/mL [138]. In addition, marine organisms collected from mesophotic
(Twilight Zone, 50–150 m depth) and shallow waters around Guam were evaluated for
anticancer potential.

When culturing symbiotic bacteria is challenging or unfeasible, an alternative approach
can involve sequencing the biosynthetic genes responsible for producing bioactive peptides
and proteins. This strategy is exemplified by the Prochloron symbiont associated with the
ascidian Lissoclinum bistratum from Bolinao, Pangasinan, Philippines. Bistratamides C and
D, isolated from this ascidian, demonstrated moderate cytotoxicity against HCT-116 colon
cancer cells [164]. In addition, The Philippine ascidian Lissoclinum bistratum yielded six
new cyclic hexapeptides, bistratamides E-J. These compounds displayed weak to modest
cytotoxicity against the HCT-116 cell line, with IC50 values ranging from 1.0 to 28 µg/mL,
bistratamides H and J being the most active against HCT-116 cells. Structure–activity
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relationship analysis revealed that bistratamides containing two thiazole rings exhibited
greater cytotoxic activity compared to those with one thiazole and one oxazole ring [139].

Microcionamides A and B, novel linear peptides cyclized through a cystine moiety
with a C-terminus blocked by 2-phenylethylenamine, were isolated from the Philippine
marine sponge Clathria (Thalysias) abietina and their complete structures, including absolute
stereochemistry, were elucidated using spectroscopic and chemical analyses. Notably,
microcionamide A underwent slow isomerization around the C-36/C-37 double bond
when stored in DMSO. Both compounds demonstrated significant cytotoxic behavior
against human breast cancer (MCF-7 and SKBR-3) cell lines and exhibited inhibitory
activity on Mycobacterium tuberculosis H37Ra [140], proposing potential dual therapeutic
applications. Microcolins E–M, nine novels linear lipopeptides, along with four known
analogs (microcolins A–D), were isolated from the marine cyanobacterium Moorea producens.
These compounds demonstrated significant cytotoxic activity against lung cancer H-460
cells, with IC50 values ranging from 6 nM to 5.0 µM. Structure–activity relationship analysis
revealed that structural variations significantly influenced biological activity within the
microcolin class of lipopeptides [156].

Bouillonamide, a novel cyclic depsipeptide, along with ulongamide A and apratoxin
A, were isolated from the tropical marine cyanobacterium Moorea bouillonii collected from
New Britain, Papua New Guinea. Bouillonamide exhibited cytotoxicity against neuron
2a mouse neuroblastoma cells with an IC50 of 6.0 µM [141]. Ten depsipeptide derivatives
(lyngbyabellins) were isolated from M. bouillonii from Malaysia and Okeania sp. from the
Red Sea. These compounds exhibited cytotoxic, antimalarial, and antifouling activities.
Against MCF-7 breast cancer cells, lyngbyabellin G, O, and P showed IC50 values of
120, >160, and 9 µM, respectively, while lyngbyabellins H and 27-deoxylyngbyabellin
A demonstrated potent cytotoxicity with IC50 values of 0.07 and 0.31 µM, respectively.
Structural analysis revealed that cyclic lyngbyabellins with side chains exhibited the highest
cytotoxic activity, while acyclic forms or absence of side chains significantly reduced
potency. Additionally, lyngbyabellins A and G delivered powerful antiplasmodial activity
against Plasmodium falciparum [157].

More than 200 nitrogen containing metabolites have been isolated from two marine
cyanobacterial genera Lyngbya and Symploca [165]. Marine cyanobacteria are plentiful in
anticancer compounds, exhibiting bioactivity at concentrations as low as the nanomolar
(nM) range [166]. These molecules can behave differently based on their therapeutic targets
which may be microtubule and actin disrupters, histone deacetylase (HDAC) inhibitors,
serine protease inhibitors and molecules that stimulate apoptosis and cell death as discussed
in the review by Tan et al. [167].

Microtubule disrupters dolastatins 10/15, initially isolated from Indian sea hare, Dola-
bella auricularia, were then obtained from filamentous marine cyanobacteria which serve as
natural diet of the sea hares [168]. Among dolastatins, dolastatin 10, a linear pentapeptide,
was the most effective molecule at cancer cell growth inhibition for various human tumor
cell lines, with GI50 values (in µg/mL) of 9.5 × 10−7, 7.6 × 10−6, 2.6 × 10−5, 3.4 × 10−6,
4.7 × 10−6, and 7.4 × 10−6 for OVCAR-3, SF-295, A498, NCI-H460, KM20L2, and SK-MEL-5,
respectively [144]. Multiple analogues of dolastatin 10 have been synthesized. For exam-
ple, TZT-1027 exhibited angiogenic effects both in vivo and in vitro [169,170]. Dolastatin
11, a hybrid molecule of a polyketide and a polypeptide, is substantially cytotoxic with
GI50 values in nanomolar ranges against cell lines such as NCI-H460, OVCAR-3, SF-295,
and KM20L2 [143]. Dolastatin 11 showed 10–30 times more cytotoxicity than dolastatin
12 in numerous cell lines. Its cytotoxic effects involve microfilament disruption via in-
duction of hyperpolymerization of actin in PtK1 cells which inhibit cytokinesis [171]. In
addition, pentapeptide dolastatin-15 which primarily functions as microtubule destabi-

https://doi.org/10.3390/antiox15050615

https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 25 of 38

lizer [172,173], also demonstrated HIF-driven antiangiogenic activity and its inhibitory role
on HIF- 1α is documented, not only in vitro but also in vivo. Further investigation showed
that dolastatin-15 suppressed abnormal transcriptional regulation of HIF-1α genes in the
zebrafish model, markedly reducing aberrant vascularization [174].

Marine cyanobacterium Symploca sp., from Florida yields another anticancer depsipep-
tide known as largazole, an HDAC inhibitor. This peptide has shown potential inhibition
of the growth of transformed human mammary epithelial cells (MDA-MB-231) at GI50

of 7.7 nM and possessed remarkable antiproliferative effects on transformed fibroblastic
osteosarcoma U2OS cells (GI50 of 55 nM) compared to other natural products including
paclitaxel, actinomycin D and doxorubicin [145].

The lipopeptide Kalkitoxin, originally isolated from the tropical marine cyanobac-
terium Lyngbya majuscul, is a neurotoxic agent [146,175]. It was shown to suppress hypoxia-
induced activation of HIF-1 in breast ductal carcinoma (T47D) cell in a low nanomolar (nM)
range, via the inhibition of mitochondrial oxygen consumption at electron transport chain
(ETC) complex 1 (NADH- ubiquinone oxidoreductase). Kalkitoxin successfully blocked
the hypoxia-stimulated induction of VEGF or glucose transporter-1 (GLUT-1) mRNA ex-
pression in a dose-dependent manner, while also exhibiting antiangiogenic activity by
preventing the secretion of hypoxia-induced VEGF protein [146].

Apratoxin A, a cyclodepsipeptide derived from Lyngbya majuscule, demonstrated
substantial cytotoxic activity, with IC50 values of 0.36 nM and 0.52 nM against colon cancer
(LoVo) and epidermoid carcinoma (KB) cells, respectively [176]. This compound interfered
with receptor tyrosine kinase (RTK) signaling, resulting in the complete inhibition of
transcription factor STAT3 phosphorylation [147]. Apratoxin A induced pancreatic toxicity
probably associated with the ability of normal pancreas to accumulate the compound,
leading to pancreatic atrophy [177].

A linear polypeptide (PG155) was purified from the cartilage of blue shark (Prionace
glauca) which was able to inhibit VEGF induced migration and tubulogenesis of human
umbilical vein endothelial cells (HUVECs). Exposure of HUVECs to 20 µg/mL PG155
markedly reduced the density of migrated cells and complete inhibition of cell migration
was achieved at 40–80 µg/mL of PG155. In addition, PG155 significantly inhibited tube for-
mation of HUVECs at 20 µg/mL and dose-dependent effect was seen till the concentration
was increased up to 160 µg/mL [148].

Pardaxin, a cell-piercing peptide, isolated from marine fish Red Sea Moses sole (Par-
dachirus marmoratus) exhibited cytotoxic potential against cancer cells [178]. Pardaxin
caused anticancer effects via apoptosis, which was supported by a surge in the externaliza-
tion of plasma membrane phosphatidylserine and chromatin condensation. When cancer
cells were treated with pardaxin, a rise in caspase-3/7 activity, disrupted mitochondrial
membrane, and accumulation of ROS were observed. Pardaxin caused the inhibition of
cell proliferation in human fibrosarcoma HT-1080 cells with IC50 of 14.52 ± 0.18 µg/mL at
24 h [178].

Kahalalide F, a depsipeptide, was obtained from marine mollusk (herbivorous species)
Elysia rufescens found in Hawaii. This peptide was also extracted in inadequate amounts
from the mollusk diet, the green algae Bryopsis spp. The synthesis of Kahalalide F can be
accredited to the mollusk capacity to obtain and retain it from its algal diet [179]. This
compound was documented to suppress the progression of cell cycle from G0 to G1 phase
in different tumor cell lines such as cervical (HeLa), colon (HT29), prostate (DU145), and
head and neck (HN30) cell lines [149]. Studies on the origin of this compound revealed
that it has a bacterial origin, from the bacterial symbiont Candidatus endobryopsis kahalalide-
faciens of green algae. In the natural environment, this molecule is reported to protect
the host from predators and is therefore exploited by the predator (E. rufescens) for its
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own defense [180,181]. Kahalalide F exhibited in vitro cytotoxicity against various hu-
man tumors, including breast, colon, non-small cell lung, and ovarian tumors, at 1 µM
concentration [182]. Cytotoxicity of the compound has been observed in mesenchymal
chondrosarcoma and osteosarcoma cells [183]. It has been reported that tumor cells express-
ing elevated HER- 2/neu and/or HER3 genes exhibit high sensitivity to this compound,
which can be associated with caspase-dependent cell death, activity of cathepsin B or
D, independent apoptosis and down-regulated AKT signaling [184]. In animal models,
hormone-independent prostate tumors, along with neu+ (HER2-overexpressing) breast can-
cer tumors and neuroblastoma, showed susceptibility to the compound, with an IC50 value
below 1 µM. Furthermore, the results revealed that the maximum tolerated dose in animal
models was 300 µg/kg (corresponding to 1800 µg/m2). However, a single 300 µg/kg
dose led to organ toxicity during Phase I trials, particularly compromised renal function
due to injury in the distal convoluted tubules. Additionally, necrotizing inflammatory
activity within the bone marrow and elevated pretrabecular osteocyte proliferation were
observed [150].

A tropical marine sponge Jaspis johnstoni produces a cyclic depsipeptide known as
jaspamide or jasplakinolide with 15 carbon macrocyclic rings containing three amino acid
residues [185]. This peptide has produced growth inhibition on human prostate carcinoma
(DU-145), PC-3, and Lewis lung carcinoma (LNCaP) cells, reducing 1 log of cells with 0.8,
0.3 and 0.07 µM of the compound in 24 h, respectively [152]. In general, jaspamides have
been reported to serve as specialized anticancer agents, stabilizing actin filaments in vitro,
while disrupting them and stimulating monomeric actin polymerization into amorphous
forms in vivo [186].

Hemiasterlin is a linear tripeptide obtained from the sponge Hemiasterella minor and
possesses two special amino acids that induced powerful cytotoxicity in the leukemia
(P388) cell line [187]. It triggers mitotic arrest and induces apoptosis via the suppression of
the mitotic spindle and results in tubulin depolymerization [188]. HTI-286 (aka SPA-110
or taltobulin) is a synthetic analogue of hemiasterlin exhibiting better cytotoxicity than
the natural compound on human cancer cell lines and the mechanism of action of both
compounds is similar. Preclinical observations revealed HTI-286 suppressed the growth
of human tumor xenografts in mice [189]. It has been subjected to phase 1 clinical trials.
However, the results appeared insufficient and there were no significant responses in pa-
tients with cases of advanced solid tumors, and side effects including nausea, neutropenia,
alopecia and pain were observed, leading to trails being terminated [190].

A Gram-positive, rod-shaped bacterium (S-1 of genus Brevibacillus), isolated from a
marine sediment sample in South China Sea, produced a new cytotoxic peptide (cyclic)
with a molecular weight of 1570 Da which was named SBP. MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) assay demonstrated cytotoxicity activity in hu-
man carcinoma BEL-7402 cells (IC50 = 7.15 µM), human colon carcinoma RKO cells
(IC50 = 10.45 µM), human lung carcinoma A549 cells (IC50 = 8.41 µM), human glioma U251
cells (IC50 = 6.49 µM) and human breast cancer MCF-7 cells (IC50 = 3.38 µM). Brevibacillus
sp. S-1-produced peptide induced little cytotoxic effects on human normal fibroblast lung
(HFL1) cells, suggesting the inhibitory role of this peptide to present some specificity to
tumor cells [155].

The cyclic peptides geodiamolides A, B, H and I extracted from Geodia corticostylifera,
from Brazilian Coast, exhibited antiproliferative effects against breast cancer (T47D and
MCF7) cell lines by causing alterations in the actin cytoskeleton. Conversely, primary
human fibroblasts and BRL3A remained unaffected after exposure to these peptides, indi-
cating selectivity of these compounds toward malignant cells [153]. Geodiamolide H was
further demonstrated to reverse the malignant phenotype of breast carcinoma Hs578T cells,
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promoting the formation of polarized spheroid-like structures within a 3D environment.
Additionally, this marine depsipeptide suppressed migration and invasion of Hs578T cells,
seemingly by disrupting the actin cytoskeleton, while non-tumor breast cells (MCF10A)
remained unaffected [154]. Furthermore, tamandarins A and B, cyclic depsipeptides ex-
hibiting substantial structural resemblance to the didemnins and therefore proposed to
share a comparable mechanism of action, were extracted from a Brazilian ascidian Didem-
num sp. obtained from Tamandaré, located on the Pernambuco coast in North-Eastern
Brazil. Tamandarin A demonstrated high cytotoxicity and marginally greater activity than
didemnin B in colony-forming clonogenic assays using human tumor cell lines, with mean
IC50 values in the nM range [191]. In addition, researchers noted this compound as a potent
inhibitor of protein biosynthesis, providing further evidence for a didemnin-like mode of
action for these molecules.

5. Bioinformatic Tools for Peptide Discovery
Bioinformatic tools integrate sequential, structural, and functional data and may help

to better understand how the environmental conditions influence molecular properties in
deep-sea, polar and tropical systems, predicting bioactive peptides and structures.

In addition to the bioactivity screening and chemical identification and synthesis, in
fact, recent trends also focus on in silico approaches to identify and characterize molecules
with beneficial properties (for example, antioxidant) especially with the advent of advanced
bioinformatics and artificial intelligence [192,193]. These approaches include bioinformatic
tools (e.g., docking or interaction-evaluating tools) able to identify compounds by analyzing
available sequences of marine organisms in public databases [192].

For instance, PeptideLocator is a machine learning algorithm to predict bioactive
peptides within protein sequences. A recent study focused on the identification of bioac-
tive peptides from Tuna (Thunnus obesus) skin [194] by using the BIOPEP website [195],
analyzing sequence length, molecular weight, isoelectric point, net charge and hydropho-
bicity. Bioactive peptides have been generally reported with the N terminal of a non-polar
(hydrophobic) amino acid, with sequences of 2–6 amino acids and a molecular weight of
132.05–579.31 kDa. The antioxidant activity of the skin tuna fractions was also confirmed
by the DPPH assay [194].

Peptide Ranker (PepRank) is another web-based tool (http://bioware.ucd.ie/~compass/
biowareweb/) [196] which predicts the probability of a peptide being bioactive. A recent
study applied PepRank to the Atlantic Sea cucumber. The predicted bioactive peptides
were then analyzed for antioxidant and ACE inhibitor activities, using the BIOPEP database.
The combination of BIOPEP and PepRank tools have also been used to predict bioactive
peptides of carp collagen chains [197]. In vitro hydrolysis of the extracted carp collagens
was carried out and DPPH radical scavenging activity was used to confirm predictions and
validate the antioxidant activity.

In silico tools such as those mentioned in this study (e.g., PepRank, BIOPEP, and
SwissADME) play an important role in peptide discovery by enabling rapid screening,
identification, and characterization of potential bioactive peptides from protein sources,
thereby reducing the time required for experimental work and helping to identify bioac-
tive peptides with potential nutraceutical and pharmaceutical applications [198]. These
approaches also allow prediction of toxicity, stability, and drug-likeness, supporting early-
stage drug discovery. However, their limitations include strong dependence on existing
databases and available information, which may be incomplete, as well as the fact that
predictions are only computational and must be validated through in vitro and in vivo
studies. Additionally, simulated digestion and bioactivity predictions may not fully reflect
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real biological conditions, meaning the actual activity and bioavailability of peptides can
differ in practice [198].

Another interesting study identified, starting from a cDNA sequence (accession num-
ber KU665493), a copper–zinc superoxide dismutase (CuZnSOD) from Hippocampus abdomi-
nalis (HaCuZnSOD) [199]. The authors characterized in silico its putative protein sequence,
homology and evolutionary relationships with orthologs of other species by using ClustalW
(https://www.ebi.ac.uk/jdispatcher/; accessed on 20 April 2026) [200], the neighbor-
joining (NJ) method in MEGA (ver. 5.0), ExPASy PROSITE Database (https://prosite.expasy.
org/; accessed on 20 April 2026) [201], Motif Scan (https://bio.tools/myhits; accessed
on 20 April 2026) [202], and I-TASSER (http://zhanglab.ccmb.med.umich.edu/I-TASSER;
accessed on 20 April 2026) [203]. Finally, SWISS-MODEL (http://swissmodel.expasy.org/;
accessed on 15 April 2026) was used to predict the tertiary structure. In addition, a re-
combinant enzyme, named rHaCuZnSOD, was overexpressed in a bacterial system and
the antioxidant activity evaluated with the xanthine/xanthine oxidase (xanthine/XOD)
assay observing higher activities for metal-supplemented rHaCuZnSOD. Authors also
studied the peroxidation function of the recombinant enzyme by the MTT assay on THP-1
human cells after H2O2 treatment and found that cell viability increased in the presence
of the enzyme in a dose-dependent manner while intracellular ROS decreased. Overall,
authors showed that in silico prediction could identify protein antioxidant characteristics
as demonstrated by in vitro and in vivo experiments [199].

Biosynthetic gene clusters (BGC) constitute a particularly valuable bioresource [204].
However, a large number of BGCs remain silent under standard laboratory conditions,
and are referred to as cryptic or silent gene clusters [205]. The most used approaches
for predicting and annotating BGCs are bioinformatic tools such as antiSMASH (https:
//antismash.secondarymetabolites.org; accessed on 20 April 2026) [206], NRPquest [207],
Pep2Path (https://pep2path.sourceforge.net/; accessed on 20 April 2026) [208]. For exam-
ple, through bioinformatic analysis using antiSMASH coupled with mass spectrometry,
four new compounds were identified as nobilamides from Bacillus sp. BCP32, showing
antimicrobial activity against multidrug-resistant bacteria [209]. Similarly, in Rhodococcus
sp. I2R isolated from deep-sea environments, a bioinformatic genome-mining approach
combined with mass spectrometry enabled the identification and structural elucidation
of 20 new cyclolipopeptides, designated as rhodoheptins, and 33 new glycolipopeptides,
designated as rhodamides [84]. Of these, F5 and rhodoheptin mixture showed moderate
antiproliferative activity at 500 µg/mL on human A375 melanoma cells.

Despite the increasing number of bioactive peptides identified through both experi-
mental and in silico approaches, their biological activity can vary considerably. Among the
marine-approved drugs, the anticancer depsipeptide plitidepsin, commercialized under
Aplidin® by PharmaMar, has shown in vitro cytotoxicity over a wide range of cell lines,
from hematologic malignancies to solid tumors, with an IC50 value below 1 nM [210]. In
fact, plitidepsin exhibited an IC50 of 0.2 nM in NCl-H460 lung cancer cells, in contrast to
other peptides identified such as Marthiapeptide A, Microsclerodermins N and Microscle-
rodermins O, which exhibited cytotoxic activity against NCl-H460 in the micromolar range
(Table 2) [211]. This disparity highlights that while many marine-derived peptides display
promising bioactivities, only a limited number reach a potency comparable to clinically
approved compounds. Therefore, integrating bioinformatic tools with experimental valida-
tion is essential to prioritize the most promising candidates and improve the efficiency of
peptide-based drug discovery.
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6. Conclusions
In general, this review shows how extreme environments can be an extraordinary

source of bioactive peptides with significant potential for biotechnological and pharma-
ceutical applications. The unique environmental conditions of these habitats promote the
evolution of biomolecules with distinctive structural and functional properties, such as
increased stability and specificity. All this makes them attractive for industrial and thera-
peutic fields. In particular, this review highlights how the tropical environments harbor
about 78% of peptides with antioxidants, anti-inflammatory and anticancer properties dis-
covered in extreme marine environments so far, along with 15% from polar habitats and 7%
from deep environments. Despite the promising features, the discovery of novel molecules
from extreme environments is still limited by sampling techniques that require further
development to enable efficient and reproducible collection of organisms from deep-sea
and ice-covered ecosystems. However, sampling technologies can be implemented to shed
light on new molecules hidden in organisms living at very deep or very cold (covered by
ice) environments. Furthermore, most studies conducted to date have been focused pre-
liminarily on in vitro characterization, showing that the observed properties may depend
on the protein sequence, molecular size, hydrophobicity, acyclic forms or absence of side
chains. However, the mechanisms of action, in vivo efficacy, methods to optimize extraction
and structural characterization are often not clarified. Future studies must focus on the
optimization of their isolation, characterization and clarification of activity mechanisms by
also structure–activity relationship analyses and in-depth in vivo experiments to confirm
the bioactivity and evaluate side effects. Since the major limitation in this field is due to the
lack of standardized methods of collection, extraction and purification and the incomplete
understanding of mechanism of action underlying compound production, future research
should involve optimization study of sampling and isolation strategies in extreme environ-
ments and systematic investigation of the relationships between structure and activity of
compounds, in addition to the implementation of in vivo studies to complete and confirm
the bioactivity found in vitro.

Author Contributions: Conceptualization, M.Z. and C.L.; writing—original draft preparation, M.Z.,
E.M., G.K., A.C., D.G., S.B. and C.L.; writing—review and editing, M.Z., E.M., G.K., A.C., D.G., S.B.
and C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by National Programme of Antarctic Research, Ministry
of University and Reseacrh (MUR), PNRA18_00025, Peptides and Enzymes from cold-adapted
microorganisms foR melanoma and leukemia TREATment (PERTREAT). G.K. has been supported
by a PhD fellowship funded by the Stazione Zoologica Anton Dohrn (Open University—Stazione
Zoologica Anton Dohrn PhD Program).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: Graphical abstract was created with PowerPoint (version 2604) icons.

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

References
1. Aneiros, A.; Garateix, A. Bioactive Peptides from Marine Sources: Pharmacological Properties and Isolation Procedures. J.

Chromatogr. B 2004, 803, 41–53. [CrossRef]
2. Snelgrove, P.V.R. An Ocean of Discovery: Biodiversity Beyond the Census of Marine Life. Planta Med. 2016, 82, 790–799. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.1016/j.jchromb.2003.11.005
https://doi.org/10.1055/s-0042-103934
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 30 of 38

3. MarinLit—A Database of the Marine Natural Products Literature. Available online: https://marinlit.rsc.org/ (accessed on 18
April 2026).

4. Zhang, Q.; Lv, L.; Wang, W.; Wei, M.; Gu, Y.; Shao, C. Recent Advances of Bioactive Marine Natural Products in Drug Discovery. J.
Ocean. Univ. China 2024, 23, 1297–1318. [CrossRef]

5. Jaspars, M.; Pascale, D.D.; Andersen, J.H.; Reyes, F.; Crawford, A.D.; Ianora, A. The Marine Biodiscovery Pipeline and Ocean
Medicines of Tomorrow. J. Mar. Biol. Ass. 2016, 96, 151–158. [CrossRef]

6. Edwards, K.J.; Becker, K.; Colwell, F. The Deep, Dark Energy Biosphere: Intraterrestrial Life on Earth. Annu. Rev. Earth Planet. Sci.
2012, 40, 551–568. [CrossRef]

7. Giordano, D. Bioactive Molecules from Extreme Environments. Mar. Drugs 2020, 18, 640. [CrossRef]
8. Zakariya, M.; Lincoln, O.J.; D’Ambra, I.; Lauritano, C. Anthozoan Chemical Defenses: Integrating Compounds, Enzymatic

Activities, and Omics-Based Discoveries. Int. J. Mol. Sci. 2025, 26, 6109. [CrossRef]
9. Approved Marine Drugs. Available online: https://www.marinepharmacology.org/approved (accessed on 17 April 2026).
10. Varrella, S.; Tangherlini, M.; Corinaldesi, C. Deep Hypersaline Anoxic Basins as Untapped Reservoir of Polyextremophilic

Prokaryotes of Biotechnological Interest. Mar. Drugs 2020, 18, 91. [CrossRef]
11. Ziemert, N.; Alanjary, M.; Weber, T. The Evolution of Genome Mining in Microbes—A Review. Nat. Prod. Rep. 2016, 33, 988–1005.

[CrossRef]
12. Roussel, E.G.; Bonavita, M.-A.C.; Querellou, J.; Cragg, B.A.; Webster, G.; Prieur, D.; Parkes, R.J. Extending the Sub-Sea-Floor

Biosphere. Science 2008, 320, 1046. [CrossRef]
13. Eakins, B.W.; Sharman, G.F. Volumes of the World’s Oceans From ETOPO1; American Geophysical Union: Boulder, CO, USA, 2010.
14. Polyak, L.; Alley, R.; Andrews, J.; Brigham-Grette, J.; Cronin, T.; Darby, D.; Dyke, A.; Fitzpatrick, J.; Funder, S.; Holland, M.; et al.

History of Sea Ice in the Arctic. Quat. Sci. Rev. 2010, 29, 1757–1778. [CrossRef]
15. Núñez-Pons, L.; Avila, C.; Romano, G.; Verde, C.; Giordano, D. UV-Protective Compounds in Marine Organisms from the

Southern Ocean. Mar. Drugs 2018, 16, 336. [CrossRef]
16. Maier, R.M.; Neilson, J.W. Extreme Environments. In Environmental Microbiology; Elsevier Inc.: Amsterdam, The Netherlands,

2015; pp. 139–153.
17. Sarmiento, F.; Peralta, R.; Blamey, J.M. Cold and Hot Extremozymes: Industrial Relevance and Current Trends. Front. Bioeng.

Biotechnol. 2015, 3, 148. [CrossRef]
18. Brown, J.H. Why Are There so Many Species in the Tropics? J. Biogeogr. 2014, 41, 8–22. [CrossRef]
19. Macedo, M.W.F.S.; da Cunha, N.B.; Carneiro, J.A.; da Costa, R.A.; de Alencar, S.A.; Cardoso, M.H.; Franco, O.L.; Dias, S.C. Marine

Organisms as a Rich Source of Biologically Active Peptides. Front. Mar. Sci. 2021, 8, 667764. [CrossRef]
20. Sable, R.; Parajuli, P.; Jois, S. Peptides, Peptidomimetics, and Polypeptides from Marine Sources: A Wealth of Natural Sources for

Pharmaceutical Applications. Mar. Drugs 2017, 15, 124. [CrossRef]
21. Donato, P.D.; Buono, A.; Poli, A.; Finore, I.; Abbamondi, G.R.; Nicolaus, B.; Lama, L. Exploring Marine Environments for the

Identification of Extremophiles and Their Enzymes for Sustainable and Green Bioprocesses. Sustainability 2018, 11, 149. [CrossRef]
22. Dalmaso, G.; Ferreira, D.; Vermelho, A. Marine Extremophiles: A Source of Hydrolases for Biotechnological Applications. Mar.

Drugs 2015, 13, 1925–1965. [CrossRef]
23. Bruno, S.; Coppola, D.; di Prisco, G.; Giordano, D.; Verde, C. Enzymes from Marine Polar Regions and Their Biotechnological

Applications. Mar. Drugs 2019, 17, 544. [CrossRef]
24. Littlechild, J.A. Enzymes from Extreme Environments and Their Industrial Applications. Front. Bioeng. Biotechnol. 2015, 3, 161.

[CrossRef]
25. Kochhar, N.; Kavya, I.K.; Shrivastava, S.; Ghosh, A.; Rawat, V.S.; Sodhi, K.K.; Kumar, M. Perspectives on the Microorganism of

Extreme Environments and Their Applications. Curr. Res. Microb. Sci. 2022, 3, 100134. [CrossRef]
26. Shahidi, F.; Saeid, A. Bioactivity of Marine-Derived Peptides and Proteins: A Review. Mar. Drugs 2025, 23, 157. [CrossRef]
27. Giordano, D.; Costantini, M.; Coppola, D.; Lauritano, C.; Núñez Pons, L.; Ruocco, N.; Di Prisco, G.; Ianora, A.; Verde, C. Biotech-

nological Applications of Bioactive Peptides From Marine Sources. In Advances in Microbial Physiology; Elsevier: Amsterdam, The
Netherlands, 2018; Volume 73, pp. 171–220.

28. Qu, C.; Li, N.; Liu, T.; He, Y.; Miao, J. Preparation of CPD Photolyase Nanoliposomes Derived from Antarctic Microalgae and
Their Effect on UVB-Induced Skin Damage in Mice. Int. J. Mol. Sci. 2022, 23, 15148. [CrossRef]

29. Flores, G.A.N.; Robayo, M.I.G.; Rosa, L.H.; Ruiz, J.L.M.; Passarini, M.R.Z. Antitumor Potential of Glutaminase- and Urease-Free
L-Asparaginase from Antarctic Fungus Mortierella turficola. Extremophiles 2025, 29, 45. [CrossRef]

30. Camacho, K.F.; de Melo Carlos, L.; Bernal, S.P.F.; de Oliveira, V.M.; Ruiz, J.L.M.; Ottoni, J.R.; Vieira, R.; Neto, A.; Rosa, L.H.;
Passarini, M.R.Z. Antarctic Marine Sediment as a Source of Filamentous Fungi-Derived Antimicrobial and Antitumor Compounds
of Pharmaceutical Interest. Extremophiles 2024, 28, 21. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://marinlit.rsc.org/
https://doi.org/10.1007/s11802-024-5975-4
https://doi.org/10.1017/S0025315415002106
https://doi.org/10.1146/annurev-earth-042711-105500
https://doi.org/10.3390/md18120640
https://doi.org/10.3390/ijms26136109
https://www.marinepharmacology.org/approved
https://doi.org/10.3390/md18020091
https://doi.org/10.1039/C6NP00025H
https://doi.org/10.1126/science.1154545
https://doi.org/10.1016/j.quascirev.2010.02.010
https://doi.org/10.3390/md16090336
https://doi.org/10.3389/fbioe.2015.00148
https://doi.org/10.1111/jbi.12228
https://doi.org/10.3389/fmars.2021.667764
https://doi.org/10.3390/md15040124
https://doi.org/10.3390/su11010149
https://doi.org/10.3390/md13041925
https://doi.org/10.3390/md17100544
https://doi.org/10.3389/fbioe.2015.00161
https://doi.org/10.1016/j.crmicr.2022.100134
https://doi.org/10.3390/md23040157
https://doi.org/10.3390/ijms232315148
https://doi.org/10.1007/s00792-025-01411-4
https://doi.org/10.1007/s00792-024-01339-1
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 31 of 38

31. Gu, X.; Zhao, L.; Tan, J.; Zhang, Q.; Fu, L.; Li, J. Characterization of a Novel β-Agarase from Antarctic Macroalgae-Associated
Bacteria Metagenomic Library and Anti-Inflammatory Activity of the Enzymatic Hydrolysates. Front. Microbiol. 2022, 13, 972272.
[CrossRef]

32. Nediani, C.; Ruzzolini, J.; Dinu, M. Oxidative Stress and Inflammation as Targets for Novel Preventive and Therapeutic
Approaches in Non-Communicable Diseases III. Antioxidants 2024, 13, 1404. [CrossRef]

33. Forman, H.J.; Zhang, H. Targeting oxidative stress in disease: Promise and limitations of antioxidant therapy. Nat. Rev. Drug
Discov. 2021, 20, 689–709. [CrossRef]

34. Khezerlou, A.; Akhlaghi, A.P.; Alizadeh, A.M.; Dehghan, P.; Maleki, P. Alarming Impact of the Excessive Use of Tert-
Butylhydroquinone in Food Products: A Narrative Review. Toxicol. Rep. 2022, 9, 1066–1075. [CrossRef]

35. Turley, A.E.; Zagorski, J.W.; Rockwell, C.E. The Nrf2 Activator tBHQ Inhibits T Cell Activation of Primary Human CD4 T Cells.
Cytokine 2015, 71, 289–295. [CrossRef]

36. Li, S.; Li, J.; Shen, C.; Zhang, X.; Sun, S.; Cho, M.; Sun, C.; Song, Z. Tert-Butylhydroquinone (tBHQ) Protects Hepatocytes against
Lipotoxicity via Inducing Autophagy Independently of Nrf2 Activation. Biochim. Biophys. Acta (BBA) Mol. Cell Biol. Lipids 2014,
1841, 22–33. [CrossRef]

37. Ramadan, A.M.A.; Suzuki, T. Detection of Genotoxicity of Phenolic Antioxidants, Butylated Hydroxyanisole and Tert-
Butylhydroquinonein Multiple Mouse Organs by the Alkaline Comet Assay. Life Sci. J. 2012, 9, 177–183.

38. Astill, B.D.; Terhaar, C.J.; Krasavage, W.J.; Wolf, G.L.; Roudabush, R.L.; Fassett, D.W.; Morgareidge, K. Safety Evaluation and
Biochemical Behavior of Monotertiarybutylhydroquinone. J. Am. Oil Chem. Soc. 1975, 52, 53–58. [CrossRef]

39. NIH ODS. Available online: https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional (accessed on 5 May 2026).
40. National Academies (DRI). Available online: https://nap.nationalacademies.org/catalog/9810/dietary-reference-intakes-for-

vitamin-c-vitamin-e-selenium-and-carotenoids (accessed on 5 May 2026).
41. EFSA DRV (AI). Accessible online: https://www.efsa.europa.eu/en/press/news/150709 (accessed on 5 May 2026).
42. EFSA UL Summary Report. Accessible online: https://www.efsa.europa.eu/sites/default/files/2024-05/ul-summary-report.pdf

(accessed on 5 May 2026).
43. EFSA SCF Compendium. Accessible online: https://www.efsa.europa.eu/sites/default/files/efsa_rep/blobserver_assets/

ndatolerableuil.pdf (accessed on 5 May 2026).
44. NIH ODS. Accessible online: https://ods.od.nih.gov/factsheets/VitaminE-HealthProfessional/ (accessed on 5 May 2026).
45. FDA. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/207916s003lbl.pdf (accessed on 5 May

2026).
46. ECHA Dossier (LD50). Available online: https://echa.europa.eu/registration-dossier/-/registered-dossier/14571/7/3/1 (ac-

cessed on 5 May 2026).
47. FDA/DailyMed. Available online: https://dailymed.nlm.nih.gov/dailymed/getFile.cfm?name=472f158a-5ab9-4308-8e49-

1116e6ea3d39&setid=472f158a-5ab9-4308-8e49-1116e6ea3d39 (accessed on 5 May 2026).
48. FDA (Compounding Safety Alert). Available online: https://www.fda.gov/drugs/human-drug-compounding/fda-highlights-

concerns-using-dietary-ingredient-glutathione-compound-sterile-injectables (accessed on 5 May 2026).
49. EFSA Scientific Opinion. Available online: https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2016.4368 (accessed on

5 May 2026).
50. EU Commission Decision. Available online: https://eur-lex.europa.eu/eli/dec_impl/2016/1190/oj/eng/pdf (accessed on 5 May

2026).
51. Ferry, D.R.; Smith, A.; Malkhandi, J.; Fyfe, D.W.; deTakats, P.G.; Anderson, D.; Baker, J.; Kerr, D.J. Phase I clinical trial of the

flavonoid quercetin: Pharmacokinetics and evidence for in vivo tyrosine kinase inhibition. Clin. Cancer Res. 1996, 2, 659–668.
[PubMed]

52. EMA Circadin SmPC. Available online: https://www.ema.europa.eu/en/documents/product-information/circadin-epar-
product-information_en.pdf (accessed on 5 May 2026).

53. EMA Slenyto SmPC. Available online: https://www.ema.europa.eu/en/documents/product-information/slenyto-epar-product-
information_en.pdf (accessed on 5 May 2026).

54. Najafian, L.; Babji, A.S. Production of Bioactive Peptides Using Enzymatic Hydrolysis and Identification Antioxidative Peptides
from Patin (Pangasius Sutchi) Sarcoplasmic Protein Hydolysate. J. Funct. Foods 2014, 9, 280–289. [CrossRef]

55. Rajapakse, N.; Mendis, E.; Byun, H.-G.; Kim, S.-K. Purification and in Vitro Antioxidative Effects of Giant Squid Muscle Peptides
on Free Radical-Mediated Oxidative Systems. J. Nutr. Biochem. 2005, 16, 562–569. [CrossRef]

56. Sarmadi, B.H.; Ismail, A. Antioxidative Peptides from Food Proteins: A Review. Peptides 2010, 31, 1949–1956. [CrossRef]
57. Ahmed, A.U. An Overview of Inflammation: Mechanism and Consequences. Front. Biol. 2011, 6, 274–281. [CrossRef]
58. Deng, L.; He, S.; Guo, N.; Tian, W.; Zhang, W.; Luo, L. Molecular Mechanisms of Ferroptosis and Relevance to Inflammation.

Inflamm. Res. 2022, 72, 281–299. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.3389/fmicb.2022.972272
https://doi.org/10.3390/antiox13111404
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1016/j.toxrep.2022.04.027
https://doi.org/10.1016/j.cyto.2014.11.006
https://doi.org/10.1016/j.bbalip.2013.09.004
https://doi.org/10.1007/BF02901824
https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional
https://nap.nationalacademies.org/catalog/9810/dietary-reference-intakes-for-vitamin-c-vitamin-e-selenium-and-carotenoids
https://nap.nationalacademies.org/catalog/9810/dietary-reference-intakes-for-vitamin-c-vitamin-e-selenium-and-carotenoids
https://www.efsa.europa.eu/en/press/news/150709
https://www.efsa.europa.eu/sites/default/files/2024-05/ul-summary-report.pdf
https://www.efsa.europa.eu/sites/default/files/efsa_rep/blobserver_assets/ndatolerableuil.pdf
https://www.efsa.europa.eu/sites/default/files/efsa_rep/blobserver_assets/ndatolerableuil.pdf
https://ods.od.nih.gov/factsheets/VitaminE-HealthProfessional/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/207916s003lbl.pdf
https://echa.europa.eu/registration-dossier/-/registered-dossier/14571/7/3/1
https://dailymed.nlm.nih.gov/dailymed/getFile.cfm?name=472f158a-5ab9-4308-8e49-1116e6ea3d39&setid=472f158a-5ab9-4308-8e49-1116e6ea3d39
https://dailymed.nlm.nih.gov/dailymed/getFile.cfm?name=472f158a-5ab9-4308-8e49-1116e6ea3d39&setid=472f158a-5ab9-4308-8e49-1116e6ea3d39
https://www.fda.gov/drugs/human-drug-compounding/fda-highlights-concerns-using-dietary-ingredient-glutathione-compound-sterile-injectables
https://www.fda.gov/drugs/human-drug-compounding/fda-highlights-concerns-using-dietary-ingredient-glutathione-compound-sterile-injectables
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2016.4368
https://eur-lex.europa.eu/eli/dec_impl/2016/1190/oj/eng/pdf
https://www.ncbi.nlm.nih.gov/pubmed/9816216
https://www.ema.europa.eu/en/documents/product-information/circadin-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/circadin-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/slenyto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/slenyto-epar-product-information_en.pdf
https://doi.org/10.1016/j.jff.2014.05.003
https://doi.org/10.1016/j.jnutbio.2005.02.005
https://doi.org/10.1016/j.peptides.2010.06.020
https://doi.org/10.1007/s11515-011-1123-9
https://doi.org/10.1007/s00011-022-01672-1
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 32 of 38

59. Yang, G.; Lin, M.; Kaliaperumal, K.; Lu, Y.; Qi, X.; Jiang, X.; Xu, X.; Gao, C.; Liu, Y.; Luo, X. Recent Advances in Anti-Inflammatory
Compounds from Marine Microorganisms. Mar. Drugs 2024, 22, 424. [CrossRef]

60. Kyriakis, J.M. Activation of the AP-1 Transcription Factor by Inflammatory Cytokines of the TNF Family. Gene Expr. 2018, 7,
217–231.

61. Ghosh, S.; Hayden, M.S. New Regulators of NF-κB in Inflammation. Nat. Rev. Immunol. 2008, 8, 837–848. [CrossRef]
62. Ali, K.A.; Maity, A.; Roy, S.D.; Das Pramanik, S.; Pratim Das, P.; Shaharyar, M.d.A. Insight into the Mechanism of Steroidal and

Non-Steroidal Anti-Inflammatory Drugs. In How Synthetic Drugs Work; Elsevier: Amsterdam, The Netherlands, 2023; pp. 61–94.
63. Ahmadi, M.; Bekeschus, S.; Weltmann, K.-D.; von Woedtke, T.; Wende, K. Non-Steroidal Anti-Inflammatory Drugs: Recent

Advances in the Use of Synthetic COX-2 Inhibitors. RSC Med. Chem. 2022, 13, 471–496. [CrossRef]
64. Burayk, S.; Oh-hashi, K.; Kandeel, M. Drug Discovery of New Anti-Inflammatory Compounds by Targeting Cyclooxygenases.

Pharmaceuticals 2022, 15, 282. [CrossRef]
65. Mayer, A.M.S.; Mayer, V.A.; Swanson-Mungerson, M.; Pierce, M.L.; Rodríguez, A.D.; Nakamura, F.; Taglialatela-Scafati, O. Marine

Pharmacology in 2019–2021: Marine Compounds with Antibacterial, Antidiabetic, Antifungal, Anti-Inflammatory, Antiprotozoal,
Antituberculosis and Antiviral Activities; Affecting the Immune and Nervous Systems, and Other Miscellaneous Mechanisms of
Action. Mar. Drugs 2024, 22, 309. [CrossRef]

66. Qiu, Y.; Chen, S.; Yu, M.; Shi, J.; Liu, J.; Li, X.; Chen, J.; Sun, X.; Huang, G.; Zheng, C. Natural Products from Marine-Derived
Fungi with Anti-Inflammatory Activity. Mar. Drugs 2024, 22, 433. [CrossRef]

67. Ibrar, M.; Ullah, M.W.; Manan, S.; Farooq, U.; Rafiq, M.; Hasan, F. Fungi from the Extremes of Life: An Untapped Treasure for
Bioactive Compounds. Appl. Microbiol. Biotechnol. 2020, 104, 2777–2801. [CrossRef] [PubMed]

68. Chen, J.-H.; Lan, X.-P.; Liu, Y.; Jia, A.-Q. The Effects of Diketopiperazines from Callyspongia Sp. on Release of Cytokines and
Chemokines in Cultured J774A.1 Macrophages. Bioorganic Med. Chem. Lett. 2012, 22, 3177–3180. [CrossRef]

69. Cancer. Available online: https://www.who.int/news-room/fact-sheets/detail/cancer (accessed on 19 April 2026).
70. Martins, M.B.; Carvalho, I. Diketopiperazines: Biological Activity and Synthesis. Tetrahedron 2007, 63, 9923–9932. [CrossRef]
71. Kang, H.K.; Choi, M.-C.; Seo, C.H.; Park, Y. Therapeutic Properties and Biological Benefits of Marine-Derived Anticancer Peptides.

Int. J. Mol. Sci. 2018, 19, 919. [CrossRef]
72. Zhang, Q.-T.; Liu, Z.-D.; Wang, Z.; Wang, T.; Wang, N.; Wang, N.; Zhang, B.; Zhao, Y.-F. Recent Advances in Small Peptides of

Marine Origin in Cancer Therapy. Mar. Drugs 2021, 19, 115. [CrossRef]
73. Sánchez, A.G.; Gabrielli, A.; Keszenman, D.J. Impact of Ecological UV Radiation on the Photochemistry of Nuclear DNA. Biophys.

Rev. 2025, 17, 537–545. [CrossRef]
74. Song, Z.; Hou, Y.; Yang, Q.; Li, X.; Wu, S. Structures and Biological Activities of Diketopiperazines from Marine Organisms: A

Review. Mar. Drugs 2021, 19, 403. [CrossRef]
75. Nicholson, B.; Lloyd, G.K.; Miller, B.R.; Palladino, M.A.; Kiso, Y.; Hayashi, Y.; Neuteboom, S.T.C. NPI-2358 Is a Tubulin-

Depolymerizing Agent: In-Vitro Evidence for Activity as a Tumor Vascular-Disrupting Agent. Anti-Cancer Drugs 2006, 17, 25–31.
[CrossRef]

76. van der Merwe, E.; Huang, D.; Peterson, D.; Kilian, G.; Milne, P.J.; Van de Venter, M.; Frost, C. The Synthesis and Anticancer
Activity of Selected Diketopiperazines. Peptides 2008, 29, 1305–1311. [CrossRef]

77. Zhang, Q.; Li, S.; Chen, Y.; Tian, X.; Zhang, H.; Zhang, G.; Zhu, Y.; Zhang, S.; Zhang, W.; Zhang, C. New Diketopiperazine
Derivatives from a Deep-Sea-Derived Nocardiopsis alba SCSIO 03039. J. Antibiot. 2013, 66, 31–36. [CrossRef] [PubMed]

78. Santos, J.D.; Vitorino, I.; de la Cruz, M.; Díaz, C.; Cautain, B.; Annang, F.; Pérez-Moreno, G.; Gonzalez, I.; Tormo, J.R.; Martin, J.;
et al. Diketopiperazines and Other Bioactive Compounds from Bacterial Symbionts of Marine Sponges. Antonie Leeuwenhoek 2020,
113, 875–887. [CrossRef]

79. Zhou, X.; Huang, H.; Chen, Y.; Tan, J.; Song, Y.; Zou, J.; Tian, X.; Hua, Y.; Ju, J. Marthiapeptide A, an Anti-Infective and Cytotoxic
Polythiazole Cyclopeptide from a 60 L Scale Fermentation of the Deep Sea-Derived Marinactinospora thermotolerans SCSIO 00652.
J. Nat. Prod. 2012, 75, 2251–2255. [CrossRef]

80. Tian, T.; Takada, K.; Ise, Y.; Ohtsuka, S.; Okada, S.; Matsunaga, S. Microsclerodermins N and O, Cytotoxic Cyclic Peptides
Containing a p-Ethoxyphenyl Moiety from a Deep-Sea Marine Sponge Pachastrella sp. Tetrahedron 2020, 76, 130997. [CrossRef]

81. Um, S.; Kim, Y.-J.; Kwon, H.; Wen, H.; Kim, S.-H.; Kwon, H.C.; Park, S.; Shin, J.; Oh, D.-C. Sungsanpin, a Lasso Peptide from a
Deep-Sea Streptomycete. J. Nat. Prod. 2013, 76, 873–879. [CrossRef]

82. Teshima, T.; Sadahiro, Y.; Hitora, Y.; Nagano, Y.; Tsukamoto, S. Isolation of Four New Secondary Metabolites from the Cold Seep
Chemosynthetic Ecosystem-Derived Fungus Arachnomyces bostrychodes. Chem. Pharm. Bull. 2025, 73, 1139–1145. [CrossRef]

83. Huang, X.; Wu, J.; Zhou, L.; Wang, Z.; Che, Q.; Chen, L.; Wang, W.; Zhu, T.; Li, D. OSMAC-Driven Discovery of Six New Alkaloids
from the Cold-Seep-Derived Fungus Talaromyces amestolkiae HDN21-0307. Mar. Drugs 2025, 23, 337. [CrossRef]

84. Ragozzino, C.; Palma Esposito, F.; Buonocore, C.; Tedesco, P.; Coppola, D.; Paccagnella, D.; Ziemert, N.; Della Sala, G.; de de
Pascale, D. Integrated Genome and Metabolome Mining Unveiled Structure and Biosynthesis of Novel Lipopeptides from a
Deep-Sea Rhodococcus. Microb. Biotechnol. 2024, 17, e70011. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.3390/md22090424
https://doi.org/10.1038/nri2423
https://doi.org/10.1039/D1MD00280E
https://doi.org/10.3390/ph15030282
https://doi.org/10.3390/md22070309
https://doi.org/10.3390/md22100433
https://doi.org/10.1007/s00253-020-10399-0
https://www.ncbi.nlm.nih.gov/pubmed/32020277
https://doi.org/10.1016/j.bmcl.2012.03.045
https://www.who.int/news-room/fact-sheets/detail/cancer
https://doi.org/10.1016/j.tet.2007.04.105
https://doi.org/10.3390/ijms19030919
https://doi.org/10.3390/md19020115
https://doi.org/10.1007/s12551-025-01275-0
https://doi.org/10.3390/md19080403
https://doi.org/10.1097/01.cad.0000182745.01612.8a
https://doi.org/10.1016/j.peptides.2008.03.010
https://doi.org/10.1038/ja.2012.88
https://www.ncbi.nlm.nih.gov/pubmed/23093033
https://doi.org/10.1007/s10482-020-01398-2
https://doi.org/10.1021/np300554f
https://doi.org/10.1016/j.tet.2020.130997
https://doi.org/10.1021/np300902g
https://doi.org/10.1248/cpb.c25-00655
https://doi.org/10.3390/md23090337
https://doi.org/10.1111/1751-7915.70011
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 33 of 38

85. Mitova, M.; Tutino, M.L.; Infusini, G.; Marino, G.; De Rosa, S. Exocellular Peptides from Antarctic Psychrophile Pseudoalteromonas
haloplanktis. Mar. Biotechnol. 2005, 7, 523–531. [CrossRef] [PubMed]

86. Zhang, S.-Y.; Zhao, G.-X.; Suo, S.-K.; Wang, Y.-M.; Chi, C.-F.; Wang, B. Purification, Identification, Activity Evaluation, and
Stability of Antioxidant Peptides from Alcalase Hydrolysate of Antarctic Krill (Euphausia superba) Proteins. Mar. Drugs 2021, 19,
347. [CrossRef] [PubMed]

87. Zhu, W.-Y.; Wang, Y.-M.; Dong, X.-M.; Zhao, G.-X.; Chi, C.-F.; Wang, B. Antioxidant Peptides from Antarctic Krill (Euphausia
superba) Hydrolysate: Stability, ACE Inhibitory Activity, and Endothelial Cells Protection by Regulating Keap1/Nrf2 Pathway.
J. Agric. Food Res. 2025, 20, 101745. [CrossRef]

88. Lv, S.; Hu, B.; Ran, S.-Z.; Zhang, M.; Chi, C.-F.; Wang, B. Antioxidant Peptides from Hizikia fusiformis: A Study of the Preparation,
Identification, Molecular Docking, and Cytoprotective Function of H2O2-Damaged A549 Cells by Regulating the Keap1/Nrf2
Pathway. Foods 2025, 14, 400. [CrossRef]

89. Wang, Y.-Z.; Zhao, Y.-Q.; Wang, Y.-M.; Zhao, W.-H.; Wang, P.; Chi, C.-F.; Wang, B. Antioxidant Peptides from Antarctic Krill
(Euphausia superba) Hydrolysate: Preparation, Identification and Cytoprotection on H2O2-Induced Oxidative Stress. J. Funct.
Foods 2021, 86, 104701. [CrossRef]

90. Zheng, J.; Li, M.; Wang, C.; Sun, N.; Lin, S. A Novel Nonapeptide SSDAFFPFR from Antarctic Krill Exerts a Protective Effect on
PC12 Cells through the BCL-XL/Bax/Caspase-3/P53 Signaling Pathway. Food Biosci. 2021, 43, 101345. [CrossRef]

91. Yang, J.; Zhu, B.; Lin, S. Investigation of the Antarctic Krill Tripeptide Phe-Pro-Phe (FPF) for Its Antioxidant Properties and
Mechanism. Food Biosci. 2024, 60, 104348. [CrossRef]

92. Raksha, N.; Halenova, T.; Vovk, T.; Kostyuk, O.; Synelnyk, T.; Andriichuk, T.; Maievska, T.; Savchuk, O.; Ostapchenko, L.
Anti-Obesity Effect of Collagen Peptides Obtained from Diplulmaris antarctica, a Jellyfish of the Antarctic Region. Croat. Med. J.
2023, 64, 21–28. [CrossRef]

93. Schneider, Y.K.-H.; Hansen, K.Ø.; Isaksson, J.; Ullsten, S.; Hansen, E.H.; Andersen, J.H. Anti-Bacterial Effect and Cytotoxicity
Assessment of Lipid 430 Isolated from Algibacter sp. Molecules 2019, 24, 3991. [CrossRef]

94. Dong, X.-M.; Suo, S.-K.; Wang, Y.-M.; Zeng, Y.-H.; Chi, C.-F.; Wang, B. High Fischer Ratio Oligopeptides from Antarctic Krill:
Ameliorating Function and Mechanism to Alcoholic Liver Injury through Regulating AMPK/Nrf2/IκBα Pathways. J. Funct.
Foods 2024, 122, 106537. [CrossRef]

95. Shin, H.J.; Mondol, M.A.M.; Yu, T.K.; Lee, H.-S.; Lee, Y.-J.; Jung, H.J.; Kim, J.H.; Kwon, H.J. An Angiogenesis Inhibitor Isolated
from a Marine-Derived Actinomycete, Nocardiopsis Sp. 03N67. Phytochem. Lett. 2010, 3, 194–197. [CrossRef]

96. Zheng, L.; Zhu, X.; Yang, K.; Zhu, M.; Farooqi, A.A.; Kang, D.; Sun, M.; Xu, Y.; Lin, X.; Feng, Y.; et al. PBN11-8, a Cytotoxic
Polypeptide Purified from Marine Bacillus, Suppresses Invasion and Migration of Human Hepatocellular Carcinoma Cells by
Targeting Focal Adhesion Kinase Pathways. Polymers 2018, 10, 1043. [CrossRef]

97. Zhang, H.L.; Hua, H.M.; Pei, Y.H.; Yao, X.S. Three New Cytotoxic Cyclic Acylpeptides from Marine Bacillus sp. Chem. Pharm. Bull.
2004, 52, 1029–1030. [CrossRef]

98. Buonocore, F.; Saraceni, P.R.; Taddei, A.R.; Miccoli, A.; Porcelli, F.; Borocci, S.; Gerdol, M.; Bugli, F.; Sanguinetti, M.; Fausto, A.M.;
et al. Antibacterial and Anticancer Activity of Two NK-Lysin-Derived Peptides from the Antarctic Teleost Trematomus bernacchii.
Fish. Shellfish. Immunol. 2023, 142, 109099. [CrossRef]

99. Oke, O.E.; Akosile, O.A.; Uyanga, V.A.; Oke, F.O.; Oni, A.I.; Tona, K.; Onagbesan, O.M. Climate Change and Broiler Production.
Vet. Med. Sci. 2024, 10, e1416. [CrossRef] [PubMed]

100. Naqash, S.Y.; Nazeer, R.A. Antioxidant Activity of Hydrolysates and Peptide Fractions of Nemipterus japonicus and Exocoetus
volitans Muscle. J. Aquat. Food Prod. Technol. 2010, 19, 180–192. [CrossRef]

101. Sudhakar, S.; Nazeer, R.A. Structural Characterization of an Indian Squid Antioxidant Peptide and Its Protective Effect against
Cellular Reactive Oxygen Species. J. Funct. Foods 2015, 14, 502–512. [CrossRef]

102. Olivera-Castillo, L.; Grant, G.; Medina-Contreras, O.; Cruz-López, H.; Carrillo-Cocom, L.; Cruz-Córdova, A.; Segura-Cadiz, F.;
Fernández-Velasco, D.A.; Rodríguez-Morales, S.; Cauich-Rodríguez, J.V.; et al. Sea Cucumber (Isostichopus badionotus): Bioactivity
and Wound Healing Capacity In Vitro of Small Peptide Isolates from Digests of Whole-Body Wall or Purified Collagen. Mar.
Drugs 2025, 23, 411. [CrossRef]

103. Cruz-López, H.; Rodríguez-Morales, S.; Enríquez-Paredes, L.M.; Villarreal-Gómez, L.J.; True, C.; Olivera-Castillo, L.; Fernández-
Velasco, D.A.; López, L.M. Swim Bladder of Farmed Totoaba macdonaldi: A Source of Value-Added Collagen. Mar. Drugs 2023, 21,
173. [CrossRef]

104. Bitencourt, F.d.S.; Figueiredo, J.G.; Mota, M.R.L.; Bezerra, C.C.R.; Silvestre, P.P.; Vale, M.R.; Nascimento, K.S.; Sampaio, A.H.;
Nagano, C.S.; Saker-Sampaio, S.; et al. Antinociceptive and Anti-Inflammatory Effects of a Mucin-Binding Agglutinin Isolated
from the Red Marine Alga Hypnea cervicornis. Naunyn-Schmiedebergs Arch. Pharmacol. 2008, 377, 139–148. [CrossRef] [PubMed]

105. Taori, K.; Matthew, S.; Rocca, J.R.; Paul, V.J.; Luesch, H. Lyngbyastatins 5–7, Potent Elastase Inhibitors from Floridian Marine
Cyanobacteria, Lyngbya spp. J. Nat. Prod. 2007, 70, 1593–1600. [CrossRef] [PubMed]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.1007/s10126-004-5098-2
https://www.ncbi.nlm.nih.gov/pubmed/15988629
https://doi.org/10.3390/md19060347
https://www.ncbi.nlm.nih.gov/pubmed/34204535
https://doi.org/10.1016/j.jafr.2025.101745
https://doi.org/10.3390/foods14030400
https://doi.org/10.1016/j.jff.2021.104701
https://doi.org/10.1016/j.fbio.2021.101345
https://doi.org/10.1016/j.fbio.2024.104348
https://doi.org/10.3325/cmj.2023.64.21
https://doi.org/10.3390/molecules24213991
https://doi.org/10.1016/j.jff.2024.106537
https://doi.org/10.1016/j.phytol.2010.07.005
https://doi.org/10.3390/polym10091043
https://doi.org/10.1248/cpb.52.1029
https://doi.org/10.1016/j.fsi.2023.109099
https://doi.org/10.1002/vms3.1416
https://www.ncbi.nlm.nih.gov/pubmed/38504607
https://doi.org/10.1080/10498850.2010.506256
https://doi.org/10.1016/j.jff.2015.02.028
https://doi.org/10.3390/md23110411
https://doi.org/10.3390/md21030173
https://doi.org/10.1007/s00210-008-0262-2
https://www.ncbi.nlm.nih.gov/pubmed/18270688
https://doi.org/10.1021/np0702436
https://www.ncbi.nlm.nih.gov/pubmed/17910513
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 34 of 38

106. Braga, P.C.; Dal Sasso, M.; Culici, M.; Bianchi, T.; Bordoni, L.; Marabini, L. Anti-Inflammatory Activity of Thymol: Inhibitory
Effect on the Release of Human Neutrophil Elastase. Pharmacology 2006, 77, 130–136. [CrossRef]

107. Matthew, S.; Ross, C.; Rocca, J.R.; Paul, V.J.; Luesch, H. Lyngbyastatin 4, a Dolastatin 13 Analogue with Elastase and Chymotrypsin
Inhibitory Activity from the Marine Cyanobacterium Lyngbya confervoides. J. Nat. Prod. 2007, 70, 124–127. [CrossRef]

108. Kwan, J.C.; Taori, K.; Paul, V.J.; Luesch, H. Lyngbyastatins 8–10, Elastase Inhibitors with Cyclic Depsipeptide Scaffolds Isolated
from the Marine Cyanobacterium Lyngbya semiplena. Mar. Drugs 2009, 7, 528–538. [CrossRef]

109. Taori, K.; Paul, V.J.; Luesch, H. Kempopeptins A and B, Serine Protease Inhibitors with Different Selectivity Profiles from a Marine
Cyanobacterium, Lyngbya sp. J. Nat. Prod. 2008, 71, 1625–1629. [CrossRef]

110. Foster, P.S.; Hogan, S.P.; Ramsay, A.J.; Matthaei, K.I.; Young, I.G. Interleukin 5 Deficiency Abolishes Eosinophilia, Airways
Hyperreactivity, and Lung Damage in a Mouse Asthma Model. J. Exp. Med. 1996, 183, 195–201. [CrossRef]

111. Oh, D.-C.; Strangman, W.K.; Kauffman, C.A.; Jensen, P.R.; Fenical, W. Thalassospiramides A and B, Immunosuppressive Peptides
from the Marine Bacterium Thalassospira sp. Org. Lett. 2007, 9, 1525–1528. [CrossRef] [PubMed]

112. Jung, B.; Ku, S.-K.; Gao, M.; Kim, K.-M.; Han, M.-S.; Choi, H.; Bae, J.-S. Suppressive Effects of Three Diketopiperazines from
Marine-Derived Bacteria on TGFBIp-Mediated Septic Responses in Human Endothelial Cells and Mice. Arch. Pharm. Res. 2016,
39, 843–854. [CrossRef]

113. Liu, J.; Gu, B.; Yang, L.; Yang, F.; Lin, H. Frontiers | New Anti-Inflammatory Cyclopeptides from a Sponge-Derived Fungus
Aspergillus violaceofuscus. Front. Chem. 2018, 6, 226. [CrossRef] [PubMed]

114. Hsiao, G.; Wang, S.-W.; Chiang, Y.-R.; Chi, W.-C.; Kuo, Y.-H.; Phong, D.A.; Chen, C.-Y.; Lee, T.-H. Anti-Inflammatory Effects of
Peptides from a Marine Algicolous Fungus Acremonium Sp. NTU492 in BV-2 Microglial Cells. J. Food Drug Anal. 2020, 28, 283–291.
[CrossRef]

115. Bhansali, P.; Hanigan, C.L.; Casero, R.A., Jr.; Tillekeratne, L.M.V. Largazole and Analogues with Modified Metal-Binding Motifs
Targeting Histone Deacetylases: Synthesis and Biological Evaluation. J. Med. Chem. 2011, 54, 7453–7463. [CrossRef]

116. Ahmed, S.; Riegsecker, S.; Beamer, M.; Rahman, A.; Bellini, J.V.; Bhansali, P.; Tillekeratne, L.M.V. Largazole, a Class I Histone
Deacetylase Inhibitor, Enhances TNF-α-Induced ICAM-1 and VCAM-1 Expression in Rheumatoid Arthritis Synovial Fibroblasts.
Toxicol. Appl. Pharmacol. 2013, 270, 87–96. [CrossRef]

117. Kwan, J.C.; Eksioglu, E.A.; Liu, C.; Paul, V.J.; Luesch, H. Grassystatins A−C from Marine Cyanobacteria, Potent Cathepsin E
Inhibitors That Reduce Antigen Presentation. J. Med. Chem. 2009, 52, 5732–5747. [CrossRef]

118. Gunasekera, S.P.; Miller, M.W.; Kwan, J.C.; Luesch, H.; Paul, V.J. Molassamide, a Depsipeptide Serine Protease Inhibitor from the
Marine Cyanobacterium Dichothrix utahensis. J. Nat. Prod. 2010, 73, 459–462. [CrossRef]

119. Rubio, B.K.; Parrish, S.M.; Yoshida, W.; Schupp, P.J.; Schils, T.; Williams, P.G. Depsipeptides from a Guamanian Marine
Cyanobacterium, Lyngbya bouillonii, with Selective Inhibition of Serine Proteases. Tetrahedron Lett. 2010, 51, 6718–6721. [CrossRef]

120. Ankisetty, S.; Khan, S.I.; Avula, B.; Gochfeld, D.; Khan, I.A.; Slattery, M. Chlorinated Didemnins from the Tunicate Trididemnum
solidum. Mar. Drugs 2013, 11, 4478–4486. [CrossRef] [PubMed]

121. Festa, C.; De Marino, S.; Sepe, V.; Monti, M.C.; Luciano, P.; D’Auria, M.V.; Débitus, C.; Bucci, M.; Vellecco, V.; Zampella, A.
Perthamides C and D, Two New Potent Anti-Inflammatory Cyclopeptides from a Solomon Lithistid Sponge Theonella swinhoei.
Tetrahedron 2009, 65, 10424–10429. [CrossRef]

122. Festa, C.; De Marino, S.; D’Auria, M.V.; Monti, M.C.; Bucci, M.; Vellecco, V.; Debitus, C.; Zampella, A. Anti-Inflammatory
Cyclopeptides from the Marine Sponge Theonella swinhoei. Tetrahedron 2012, 68, 2851–2857. [CrossRef]

123. Kita, M.; Gise, B.; Kawamura, A.; Kigoshi, H. ChemInform Abstract: Stylissatin A, a Cyclic Peptide That Inhibits Nitric Oxide
Production from the Marine Sponge Stylissa massa. ChemInform 2014, 45, 17205. [CrossRef]

124. Felician, F.F.; Yu, R.-H.; Li, M.-Z.; Li, C.-J.; Chen, H.-Q.; Jiang, Y.; Tang, T.; Qi, W.-Y.; Xu, H.-M. The Wound Healing Potential of
Collagen Peptides Derived from the Jellyfish Rhopilema esculentum. Chin. J. Traumatol. 2019, 22, 12–20. [CrossRef]

125. Narayanasamy, A.; Balde, A.; Raghavender, P.; Shashanth, D.; Abraham, J.; Joshi, I.; Nazeer, R.A. Isolation of Marine Crab
(Charybdis natator) Leg Muscle Peptide and Its Anti-Inflammatory Effects on Macrophage Cells. Biocatal. Agric. Biotechnol. 2020,
25, 101577. [CrossRef]

126. Wei, L.; Gao, J.; Zhang, S.; Wu, S.; Xie, Z.; Ling, G.; Kuang, Y.-Q.; Yang, Y.; Yu, H.; Wang, Y. I Identification and Characterization of
the First Cathelicidin from Sea Snakes with Potent Antimicrobial and Anti-Inflammatory Activity and Special Mechanism. J. Biol.
Chem. 2015, 290, 16633–16652. [CrossRef]

127. Wang, Z.; Ying, X.; Gao, P.; Wang, C.; Wang, Y.; Yu, X.; Chen, J.; Wang, B.; Luo, H. Anti-Inflammatory Activity of a Peptide from
Skipjack (Katsuwonus pelamis). Mar. Drugs 2019, 17, 582. [CrossRef] [PubMed]

128. Najm, A.A.K.; Azfaralariff, A.; Dyari, H.R.E.; Othman, B.A.; Shahid, M.; Khalili, N.; Law, D.; Syed Alwi, S.S.; Fazry, S. Anti-Breast
Cancer Synthetic Peptides Derived from the Anabas testudineus Skin Mucus Fractions. Sci. Rep. 2021, 11, 23182. [CrossRef]

129. Ibrahim, S.R.M.; Edrada-Ebel, R.; Mohamed, G.A.; Youssef, D.T.A.; Wray, V.; Proksch, P. Callyaerin G, a New Cytotoxic Cyclic
Peptide from the Marine Sponge Callyspongia aerizusa. Arkivoc 2008, 2008, 164–171. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.1159/000093790
https://doi.org/10.1021/np060471k
https://doi.org/10.3390/md7040528
https://doi.org/10.1021/np8002172
https://doi.org/10.1084/jem.183.1.195
https://doi.org/10.1021/ol070294u
https://www.ncbi.nlm.nih.gov/pubmed/17373804
https://doi.org/10.1007/s12272-016-0743-7
https://doi.org/10.3389/fchem.2018.00226
https://www.ncbi.nlm.nih.gov/pubmed/29963550
https://doi.org/10.38212/2224-6614.1062
https://doi.org/10.1021/jm200432a
https://doi.org/10.1016/j.taap.2013.04.014
https://doi.org/10.1021/jm9009394
https://doi.org/10.1021/np900603f
https://doi.org/10.1016/j.tetlet.2010.10.062
https://doi.org/10.3390/md11114478
https://www.ncbi.nlm.nih.gov/pubmed/24284424
https://doi.org/10.1016/j.tet.2009.10.026
https://doi.org/10.1016/j.tet.2012.01.097
https://doi.org/10.1002/chin.201417205
https://doi.org/10.1016/j.cjtee.2018.10.004
https://doi.org/10.1016/j.bcab.2020.101577
https://doi.org/10.1074/jbc.M115.642645
https://doi.org/10.3390/md17100582
https://www.ncbi.nlm.nih.gov/pubmed/31614893
https://doi.org/10.1038/s41598-021-02007-6
https://doi.org/10.3998/ark.5550190.0009.c18
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 35 of 38

130. Ibrahim, S.R.M.; Min, C.C.; Teuscher, F.; Ebel, R.; Kakoschke, C.; Lin, W.; Wray, V.; Edrada-Ebel, R.; Proksch, P. Callyaerins A–F
and H, New Cytotoxic Cyclic Peptides from the Indonesian Marine Sponge Callyspongia aerizusa. Bioorganic Med. Chem. 2010, 18,
4947–4956. [CrossRef] [PubMed]

131. Heiferman, M.J.; Salabat, M.R.; Ujiki, M.B.; Strouch, M.J.; Cheon, E.C.; Silverman, R.B.; Bentrem, D.J. Sansalvamide Induces
Pancreatic Cancer Growth Arrest through Changes in the Cell Cycle. Anticancer. Res. 2010, 30, 73–78.

132. Asolkar, R.N.; Freel, K.C.; Jensen, P.R.; Fenical, W.; Kondratyuk, T.P.; Park, E.-J.; Pezzuto, J.M. Arenamides A−C, Cytotoxic NFκB
Inhibitors from the Marine Actinomycete Salinispora arenicola. J. Nat. Prod. 2009, 72, 396–402. [CrossRef]

133. Cho, J.Y.; Williams, P.G.; Kwon, H.C.; Jensen, P.R.; Fenical, W. Lucentamycins A−D, Cytotoxic Peptides from the Marine-Derived
Actinomycete Nocardiopsis lucentensis. J. Nat. Prod. 2007, 70, 1321–1328. [CrossRef]

134. Kanoh, K.; Matsuo, Y.; Adachi, K.; Imagawa, H.; Nishizawa, M.; Shizuri, Y. Mechercharmycins A and B, Cytotoxic Substances
from Marine-Derived Thermoactinomyces sp. YM3-251. J. Antibiot. 2005, 58, 289–292. [CrossRef]

135. Romero, F.; Espliego, F.; Baz, J.P.; Quesada, T.G.D.; Grávalos, D.; Calle, F.D.L.; Fernández-Puentes, J.L. Thiocoraline, a New
Depsipeptide with Antitumor Activity Produced by a Marine Micromonospora. I. Taxonomy, Fermentation, Isolation, and
Biological Activities. J. Antibiot. 1997, 50, 734–737. [CrossRef]

136. Erba, E.; Bergamaschi, D.; Ronzoni, S.; Faretta, M.; Taverna, S.; Bonfanti, M.; Catapano, C.V.; Faircloth, G.; Jimeno, J.; D’Incalci,
M. Mode of Action of Thiocoraline, a Natural Marine Compound with Anti-Tumour Activity. Br. J. Cancer 1999, 80, 971–980.
[CrossRef] [PubMed]

137. Feling, R.H.; Buchanan, G.O.; Mincer, T.J.; Kauffman, C.A.; Jensen, P.R.; Fenical, W. Salinosporamide A: A Highly Cytotoxic
Proteasome Inhibitor from a Novel Microbial Source, a Marine Bacterium of the New Genus Salinospora. Angew. Chem. Int. Ed.
2003, 42, 355–357. [CrossRef] [PubMed]

138. Prompanya, C.; Fernandes, C.; Cravo, S.; Pinto, M.M.M.; Dethoup, T.; Silva, A.M.S.; Kijjoa, A.A. New Cyclic Hexapeptide and a
New Isocoumarin Derivative from the Marine Sponge-Associated Fungus Aspergillus similanensis KUFA 0013. Mar. Drugs 2015,
13, 1432–1450. [CrossRef] [PubMed]

139. Perez, L.J.; Faulkner, D.J. Bistratamides E−J, Modified Cyclic Hexapeptides from the Philippines Ascidian Lissoclinum bistratum. J.
Nat. Prod. 2003, 66, 247–250. [CrossRef]

140. Davis, R.A.; Mangalindan, G.C.; Bojo, Z.P.; Antemano, R.R.; Rodriguez, N.O.; Concepcion, G.P.; Samson, S.C.; de Guzman, D.;
Cruz, L.J.; Tasdemir, D.; et al. Microcionamides A and B, Bioactive Peptides from the Philippine Sponge Clathria (Thalysias)
Abietina. J. Org. Chem. 2004, 69, 4170–4176. [CrossRef]

141. Tan, L.T.; Okino, T.; Gerwick, W.H. Bouillonamide: A Mixed Polyketide–Peptide Cytotoxin from the Marine Cyanobacterium
Moorea bouillonii. Mar. Drugs 2013, 11, 3015–3024. [CrossRef]

142. Theansungnoen, T.; Maijaroen, S.; Jangpromma, N.; Yaraksa, N.; Daduang, S.; Temsiripong, T.; Daduang, J.; Klaynongsruang,
S. Cationic Antimicrobial Peptides Derived from Crocodylus siamensis Leukocyte Extract, Revealing Anticancer Activity and
Apoptotic Induction on Human Cervical Cancer Cells. Protein J. 2016, 35, 202–211. [CrossRef]

143. Ali, M.d.A.; Bates, R.B.; Crane, Z.D.; Dicus, C.W.; Gramme, M.R.; Hamel, E.; Marcischak, J.; Martinez, D.S.; McClure, K.J.;
Nakkiew, P.; et al. Dolastatin 11 Conformations, Analogues and Pharmacophore. Bioorg. Med. Chem. 2005, 13, 4138–4152.
[CrossRef]

144. Tan, L.T.; Gupta, D.K. Molecular Targets of Anticancer Agents from Filamentous Marine Cyanobacteria. In Handbook of Anticancer
Drugs from Marine Origin; Kim, S.-K., Ed.; Springer International Publishing: Cham, Switzerland, 2015; pp. 571–592.

145. Taori, K.; Paul, V.J.; Luesch, H. Structure and Activity of Largazole, a Potent Antiproliferative Agent from the Floridian Marine
Cyanobacterium Symploca sp. J. Am. Chem. Soc. 2008, 130, 1806–1807. [CrossRef]

146. Morgan, J.B.; Liu, Y.; Coothankandaswamy, V.; Mahdi, F.; Jekabsons, M.B.; Gerwick, W.H.; Valeriote, F.A.; Zhou, Y.-D.; Nagle, D.G.
Kalkitoxin Inhibits Angiogenesis, Disrupts Cellular Hypoxic Signaling, and Blocks Mitochondrial Electron Transport in Tumor
Cells. Mar. Drugs 2015, 13, 1552–1568. [CrossRef]

147. Luesch, H.; Chanda, S.K.; Raya, R.M.; DeJesus, P.D.; Orth, A.P.; Walker, J.R.; Izpisúa Belmonte, J.C.; Schultz, P.G. A Functional
Genomics Approach to the Mode of Action of Apratoxin A. Nat. Chem. Biol. 2006, 2, 158–167. [CrossRef] [PubMed]

148. Zheng, L.; Ling, P.; Wang, Z.; Niu, R.; Hu, C.; Zhang, T.; Lin, X. A Novel Polypeptide from Shark Cartilage with Potent
Anti-Angiogenic Activity. Cancer Biol. Ther. 2007, 6, 775–780. [CrossRef]

149. Rademaker-Lakhai, J.M.; Horenblas, S.; Meinhardt, W.; Stokvis, E.; de Reijke, T.M.; Jimeno, J.M.; Lopez-Lazaro, L.; Lopez Martin,
J.A.; Beijnen, J.H.; Schellens, J.H.M. Phase I Clinical and Pharmacokinetic Study of Kahalalide F in Patients with Advanced
Androgen Refractory Prostate Cancer. Clin. Cancer Res. 2005, 11, 1854–1862. [CrossRef] [PubMed]

150. Pardo, B.; Paz-Ares, L.; Tabernero, J.; Ciruelos, E.; García, M.; Salazar, R.; López, A.; Blanco, M.; Nieto, A.; Jimeno, J.; et al. Phase I
Clinical and Pharmacokinetic Study of Kahalalide F Administered Weekly as a 1-Hour Infusion to Patients with Advanced Solid
Tumors. Clin. Cancer Res. 2008, 14, 1116–1123. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.1016/j.bmc.2010.06.012
https://www.ncbi.nlm.nih.gov/pubmed/20599387
https://doi.org/10.1021/np800617a
https://doi.org/10.1021/np070101b
https://doi.org/10.1038/ja.2005.36
https://doi.org/10.7164/antibiotics.50.734
https://doi.org/10.1038/sj.bjc.6690451
https://www.ncbi.nlm.nih.gov/pubmed/10362104
https://doi.org/10.1002/anie.200390115
https://www.ncbi.nlm.nih.gov/pubmed/12548698
https://doi.org/10.3390/md13031432
https://www.ncbi.nlm.nih.gov/pubmed/25789601
https://doi.org/10.1021/np0204601
https://doi.org/10.1021/jo040129h
https://doi.org/10.3390/md11083015
https://doi.org/10.1007/s10930-016-9662-1
https://doi.org/10.1016/j.bmc.2005.04.040
https://doi.org/10.1021/ja7110064
https://doi.org/10.3390/md13031552
https://doi.org/10.1038/nchembio769
https://www.ncbi.nlm.nih.gov/pubmed/16474387
https://doi.org/10.4161/cbt.6.5.4002
https://doi.org/10.1158/1078-0432.CCR-04-1534
https://www.ncbi.nlm.nih.gov/pubmed/15756010
https://doi.org/10.1158/1078-0432.CCR-07-4366
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 36 of 38

151. Dalisay, D.S.; Tenebro, C.P.; Sabido, E.M.; Suarez, A.F.L.; Paderog, M.J.V.; Reyes-Salarda, R.; Saludes, J.P. Marine-Derived
Anticancer Agents Targeting Apoptotic Pathways: Exploring the Depths for Novel Cancer Therapies. Mar. Drugs 2024, 22, 114.
[CrossRef] [PubMed]

152. Takeuchi, H.; Ara, G.; Sausville, E.A.; Teicher, B. Jasplakinolide: Interaction with Radiation and Hyperthermia in Human Prostate
Carcinoma and Lewis Lung Carcinoma. Cancer Chemother. Pharmacol. 1998, 42, 491–496. [CrossRef]

153. Rangel, M.; Prado, M.P.; Konno, K.; Naoki, H.; Freitas, J.C.; Machado-Santelli, G.M. Cytoskeleton Alterations Induced by Geodia
corticostylifera Depsipeptides in Breast Cancer Cells. Peptides 2006, 27, 2047–2057. [CrossRef]

154. Freitas, V.M.; Rangel, M.; Bisson, L.F.; Jaeger, R.G.; Machado-Santelli, G.M. The Geodiamolide H, Derived from Brazilian Sponge
Geodia corticostylifera, Regulates Actin Cytoskeleton, Migration and Invasion of Breast Cancer Cells Cultured in Three-Dimensional
Environment. J. Cell. Physiol. 2008, 216, 583–594. [CrossRef]

155. Zheng, L.; Yi, Y.; Liu, J.; Lin, X.; Yang, K.; Lv, M.; Zhou, X.; Hao, J.; Liu, J.; Zheng, Y.; et al. Isolation and Characterization of Marine
Brevibacillus Sp. S-1 Collected from South China Sea and a Novel Antitumor Peptide Produced by the Strain. PLoS ONE 2014, 9,
e111270. [CrossRef]

156. Yu, H.-B.; Glukhov, E.; Li, Y.; Iwasaki, A.; Gerwick, L.; Dorrestein, P.C.; Jiao, B.-H.; Gerwick, W.H. Cytotoxic Microcolin
Lipopeptides from the Marine Cyanobacterium Moorea producens. J. Nat. Prod. 2019, 82, 2608–2619. [CrossRef] [PubMed]

157. Fathoni, I.; Petitbois, J.G.; Alarif, W.M.; Abdel-Lateff, A.; Al-Lihaibi, S.S.; Yoshimura, E.; Nogata, Y.; Vairappan, C.S.; Sholikhah,
E.N.; Okino, T. Bioactivities of Lyngbyabellins from Cyanobacteria of Moorea and Okeania Genera. Molecules 2020, 25, 3986.
[CrossRef]

158. Zanjurne, N.R.; Devade, O.A.; Purane, L.M.; Redasani, V.K. An Overview on Anticancer Drug Extracted from Marine Sources.
Res. J. Pharm. Pharm. Deliery 2024, 16, 306–314. [CrossRef]

159. Jensen, P.R.; Mafnas, C. Biogeography of the Marine Actinomycete Salinispora. Environ. Microbiol. 2006, 8, 1881–1888. [CrossRef]
160. Baz, J.P.; Cañedo, L.M.; Puentes, J.L.F.; Elipe, M.V.S. Thiocoraline, a Novel Depsipeptide with Antitumor Activity Produced by a

Marine Micromonospora. II. Physico-Chemical Properties and Structure Determination. J. Antibiot. 1997, 50, 738–741. [CrossRef]
[PubMed]

161. Gulder, T.A.M.; Moore, B.S. Salinosporamide Natural Products: Potent 20 S Proteasome Inhibitors as Promising Cancer Chemother-
apeutics. Angew. Chem. Int. Ed. 2010, 49, 9346–9367. [CrossRef]

162. Jensen, P.R.; Williams, P.G.; Oh, D.-C.; Zeigler, L.; Fenical, W. Species-Specific Secondary Metabolite Production in Marine
Actinomycetes of the Genus Salinispora. Appl. Environ. Microbiol. 2007, 73, 1146–1152. [CrossRef] [PubMed]

163. Prompanya, C.; Dethoup, T.; Bessa, L.J.; Pinto, M.M.M.; Gales, L.; Costa, P.M.; Silva, A.M.S.; Kijjoa, A. New Isocoumarin
Derivatives and Meroterpenoids from the Marine Sponge-Associated Fungus Aspergillus similanensis Sp. Nov. KUFA 0013. Mar.
Drugs 2014, 12, 5160–5173. [CrossRef] [PubMed]

164. Foster, M.P.; Concepcion, G.P.; Caraan, G.B.; Ireland, C.M. Bistratamides C and D. Two New Oxazole-Containing Cyclic
Hexapeptides Isolated from a Philippine Lissoclinum bistratum Ascidian. J. Org. Chem. 1992, 57, 6671–6675. [CrossRef]

165. Tan, L.T. Bioactive Natural Products from Marine Cyanobacteria for Drug Discovery. Phytochemistry 2007, 68, 954–979. [CrossRef]
166. Simmons, T.L.; Andrianasolo, E.; McPhail, K.; Flatt, P.; Gerwick, W.H. Marine Natural Products as Anticancer Drugs. Mol. Cancer

Ther. 2005, 4, 333–342. [CrossRef]
167. Tan, L.T. Filamentous Tropical Marine Cyanobacteria: A Rich Source of Natural Products for Anticancer Drug Discovery. J. Appl.

Phycol. 2010, 22, 659–676. [CrossRef]
168. Luesch, H.; Harrigan, G.; Goetz, G.; Horgen, F. The Cyanobacterial Origin of Potent Anticancer Agents Originally Isolated from

Sea Hares. Curr. Med. Chem. 2002, 9, 1791–1806. [CrossRef]
169. Watanabe, J.; Endo, Y.; Shimada, N.; Natsume, T.; Sasaki, T.; Kobayashi, M. Antiangiogenic Activity of TZT-1027 (Soblidotin) on

Chick Chorioallantoic Membrane and Human Umbilical Vein Endothelial Cells. In Vivo 2007, 21, 297–304.
170. Watanabe, J.; Natsume, T.; Kobayashi, M. Comparison of the Antivascular and Cytotoxic Activities of TZT-1027 (Soblidotin) with

Those of Other Anticancer Agents. Anti-Cancer Drugs 2007, 18, 905–911. [CrossRef]
171. Bai, R.; Verdier-Pinard, P.; Gangwar, S.; Stessman, C.C.; McClure, K.J.; Sausville, E.A.; Pettit, G.R.; Bates, R.B.; Hamel, E. Dolastatin

11, a Marine Depsipeptide, Arrests Cells at Cytokinesis and Induces Hyperpolymerization of Purified Actin. Mol. Pharmacol.
2001, 59, 462–469. [CrossRef]

172. Bai, R.; Friedman, S.J.; Pettit, G.R.; Hamel, E. Dolastatin 15, a Potent Antimitotic Depsipeptide Derived from Dolabella auricularia.
Biochem. Pharmacol. 1992, 43, 2637–2645. [CrossRef]

173. Lopus, M. Mechanism of Mitotic Arrest Induced by Dolastatin 15 Involves Loss of Tension across Kinetochore Pairs. Mol. Cell.
Biochem. 2013, 382, 93–102. [CrossRef]

174. Ratnayake, R.; Gunasekera, S.P.; Ma, J.J.; Dang, L.H.; Carney, T.J.; Paul, V.J.; Luesch, H. Dolastatin 15 from a Marine Cyanobac-
terium Suppresses HIF-1α Mediated Cancer Cell Viability and Vascularization. ChemBioChem 2020, 21, 2356–2366. [CrossRef]

175. Berman, F.W.; Gerwick, W.H.; Murray, T.F. Antillatoxin and Kalkitoxin, Ichthyotoxins from the Tropical Cyanobacterium Lyngbya
majuscula, Induce Distinct Temporal Patterns of NMDA Receptor-Mediated Neurotoxicity. Toxicon 1999, 37, 1645–1648. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.3390/md22030114
https://www.ncbi.nlm.nih.gov/pubmed/38535455
https://doi.org/10.1007/s002800050850
https://doi.org/10.1016/j.peptides.2006.04.021
https://doi.org/10.1002/jcp.21432
https://doi.org/10.1371/journal.pone.0111270
https://doi.org/10.1021/acs.jnatprod.9b00549
https://www.ncbi.nlm.nih.gov/pubmed/31468974
https://doi.org/10.3390/molecules25173986
https://doi.org/10.52711/2321-5836.2024.00053
https://doi.org/10.1111/j.1462-2920.2006.01093.x
https://doi.org/10.7164/antibiotics.50.738
https://www.ncbi.nlm.nih.gov/pubmed/9360618
https://doi.org/10.1002/anie.201000728
https://doi.org/10.1128/AEM.01891-06
https://www.ncbi.nlm.nih.gov/pubmed/17158611
https://doi.org/10.3390/md12105160
https://www.ncbi.nlm.nih.gov/pubmed/25317534
https://doi.org/10.1021/jo00050a063
https://doi.org/10.1016/j.phytochem.2007.01.012
https://doi.org/10.1158/1535-7163.333.4.2
https://doi.org/10.1007/s10811-010-9506-x
https://doi.org/10.2174/0929867023369051
https://doi.org/10.1097/CAD.0b013e3280dce1d1
https://doi.org/10.1016/S0026-895X(24)12236-5
https://doi.org/10.1016/0006-2952(92)90153-A
https://doi.org/10.1007/s11010-013-1721-8
https://doi.org/10.1002/cbic.202000180
https://doi.org/10.1016/S0041-0101(99)00108-7
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 37 of 38

176. Luesch, H.; Yoshida, W.Y.; Moore, R.E.; Paul, V.J.; Corbett, T.H. Total Structure Determination of Apratoxin A, a Potent Novel
Cytotoxin from the Marine Cyanobacterium Lyngbya majuscula. J. Am. Chem. Soc. 2001, 123, 5418–5423. [CrossRef] [PubMed]

177. Huang, K.-C.; Chen, Z.; Jiang, Y.; Akare, S.; Kolber-Simonds, D.; Condon, K.; Agoulnik, S.; Tendyke, K.; Shen, Y.; Wu, K.-M.; et al.
Apratoxin A Shows Novel Pancreas-Targeting Activity through the Binding of Sec 61. Mol. Cancer Ther. 2016, 15, 1208–1216.
[CrossRef]

178. Huang, T.-C.; Lee, J.-F.; Chen, J.-Y. Pardaxin, an Antimicrobial Peptide, Triggers Caspase-Dependent and ROS-Mediated Apoptosis
in HT-1080 Cells. Mar. Drugs 2011, 9, 1995–2009. [CrossRef]

179. Davis, J.; Fricke, W.F.; Hamann, M.T.; Esquenazi, E.; Dorrestein, P.C.; Hill, R.T. Characterization of the Bacterial Community of the
Chemically Defended Hawaiian Sacoglossan Elysia rufescens. Appl. Environ. Microbiol. 2013, 79, 7073–7081. [CrossRef]

180. Wyer, S.; Townsend, D.M.; Ye, Z.; Kourtidis, A.; Choo, Y.-M.; de Barros, A.L.B.; Donia, M.S.; Hamann, M.T. Recent Advances
and Limitations in the Application of Kahalalides for the Control of Cancer. Biomed. Pharmacother. 2022, 148, 112676. [CrossRef]
[PubMed]

181. Zan, J.; Li, Z.; Tianero, M.a.D.; Davis, J.; Hill, R.T.; Donia, M.S. A Microbial Factory for Defensive Kahalalides in a Tripartite
Marine Symbiosis. Science 2019, 364, eaaw6732. [CrossRef] [PubMed]

182. Brown, A.P.; Morrissey, R.L.; Faircloth, G.T.; Levine, B.S. Preclinical Toxicity Studies of Kahalalide F, a New Anticancer Agent:
Single and Multiple Dosing Regimens in the Rat. Cancer Chemother. Pharmacol. 2002, 50, 333–340. [CrossRef]

183. Sewell, J.M.; Mayer, I.; Langdon, S.P.; Smyth, J.F.; Jodrell, D.I.; Guichard, S.M. The Mechanism of Action of Kahalalide F: Variable
Cell Permeability in Human Hepatoma Cell Lines. Eur. J. Cancer 2005, 41, 1637–1644. [CrossRef]

184. Janmaat, M.L.; Kruyt, F.A.; Jimeno, J.M.; Rodriguez, J.A.; Giaccone, G. Kahalalide F (KF) Induces Caspase-Independent Cytotoxic-
ity That Correlates with HER2/Neu and/or HER3 Expression Levels and Is Accompanied by down-Regulation of Akt Signalling.
Cancer Res. 2004, 64, 1229.

185. Crews, P.; Manes, L.V.; Boehler, M. Jasplakinolide, a Cyclodepsipeptide from the Marine Sponge, SP. Tetrahedron Lett. 1986, 27,
2797–2800. [CrossRef]

186. Robinson, S.J.; Morinaka, B.I.; Amagata, T.; Tenney, K.; Bray, W.M.; Gassner, N.C.; Lokey, R.S.; Crews, P. New Structures and
Bioactivity Properties of Jasplakinolide (Jaspamide) Analogues from Marine Sponges. J. Med. Chem. 2010, 53, 1651–1661.
[CrossRef]

187. Talpir, R.; Benayahu, Y.; Kashman, Y.; Pannell, L.; Schleyer, M. Hemiasterlin and Geodiamolide TA; Two New Cytotoxic Peptides
from the Marine Sponge Hemiasterella minor (Kirkpatrick). Tetrahedron Lett. 1994, 35, 4453–4456. [CrossRef]

188. Anderson, H.J.; Coleman, J.E.; Andersen, R.J.; Roberge, M. Cytotoxic Peptides Hemiasterlin, Hemiasterlin A and Hemiasterlin B
Induce Mitotic Arrest and Abnormal Spindle Formation. Cancer Chemother. Pharmacol. 1996, 39, 223–226. [CrossRef] [PubMed]

189. Loganzo, F.; Discafani, C.M.; Annable, T.; Beyer, C.; Musto, S.; Hari, M.; Tan, X.; Hardy, C.; Hernandez, R.; Baxter, M.;
et al. HTI-286, a Synthetic Analogue of the Tripeptide Hemiasterlin, Is a Potent Antimicrotubule Agent That Circumvents
P-Glycoprotein-Mediated Resistance in Vitro and in Vivo1. Cancer Res. 2003, 63, 1838–1845. [PubMed]

190. Hadaschik, B.A.; Ettinger, S.; Sowery, R.D.; Zoubeidi, A.; Andersen, R.J.; Roberge, M.; Gleave, M.E. Targeting Prostate Cancer
with HTI-286, a Synthetic Analog of the Marine Sponge Product Hemiasterlin. Int. J. Cancer 2008, 122, 2368–2376. [CrossRef]

191. Vervoort, H.; Fenical, W.; Epifanio, R.d.A. Tamandarins A and B: New Cytotoxic Depsipeptides from a Brazilian Ascidian of the
Family Didemnidae. J. Org. Chem. 2000, 65, 782–792. [CrossRef]

192. Lauritano, C.; Montuori, E.; Falco, G.D.; Carrella, S. In Silico Methodologies to Improve Antioxidants’ Characterization from
Marine Organisms. Antioxidants 2023, 12, 710. [CrossRef]

193. Artificial Intelligence-Guided Discovery of Anticancer Compounds from Marine Plants: A Focus on Sargassum
SPP|Request PDF. Available online: https://www.researchgate.net/publication/382254634_Artificial_Intelligence-
Guided_Discovery_of_Anticancer_Compounds_from_Marine_Plants_A_Focus_on_Sargassum_SPP (accessed on 23 March
2026).

194. Devita, L.; Lioe, H.N.; Nurilmala, M.; Suhartono, M.T. The Bioactivity Prediction of Peptides from Tuna Skin Collagen Using
Integrated Method Combining In Vitro and In Silico. Foods 2021, 10, 2739. [CrossRef]

195. Minkiewicz, P.; Iwaniak, A.; Darewicz, M. BIOPEP-UWM Database of Bioactive Peptides: Current Opportunities. Int. J. Mol. Sci.
2019, 20, 5978. [CrossRef]

196. Bioware.Ucd.Ie. Available online: http://bioware.ucd.ie/ compass/biowareweb/ (accessed on 19 April 2026).
197. Pal, G.K.; Suresh, P.V. Physico-Chemical Characteristics and Fibril-Forming Capacity of Carp Swim Bladder Collagens and

Exploration of Their Potential Bioactive Peptides by in Silico Approaches. Int. J. Biol. Macromol. 2017, 101, 304–313. [CrossRef]
198. Senadheera, T.R.L.; Hossain, A.; Dave, D.; Shahidi, F. In Silico Analysis of Bioactive Peptides Produced from Underutilized Sea

Cucumber By-Products—A Bioinformatics Approach. Mar. Drugs 2022, 20, 610. [CrossRef]
199. Perera, N.C.N.; Godahewa, G.I.; Lee, J. Copper-Zinc-Superoxide Dismutase (CuZnSOD), an Antioxidant Gene from Seahorse

(Hippocampus abdominalis); Molecular Cloning, Sequence Characterization, Antioxidant Activity and Potential Peroxidation
Function of Its Recombinant Protein. Fish. Shellfish Immunol. 2016, 57, 386–399. [CrossRef]

https://doi.org/10.3390/antiox15050615

https://doi.org/10.1021/ja010453j
https://www.ncbi.nlm.nih.gov/pubmed/11389621
https://doi.org/10.1158/1535-7163.MCT-15-0648
https://doi.org/10.3390/md9101995
https://doi.org/10.1128/AEM.01568-13
https://doi.org/10.1016/j.biopha.2022.112676
https://www.ncbi.nlm.nih.gov/pubmed/35149387
https://doi.org/10.1126/science.aaw6732
https://www.ncbi.nlm.nih.gov/pubmed/31196985
https://doi.org/10.1007/s00280-002-0499-2
https://doi.org/10.1016/j.ejca.2005.04.015
https://doi.org/10.1016/S0040-4039(00)84645-6
https://doi.org/10.1021/jm9013554
https://doi.org/10.1016/S0040-4039(00)73382-X
https://doi.org/10.1007/s002800050564
https://www.ncbi.nlm.nih.gov/pubmed/8996524
https://www.ncbi.nlm.nih.gov/pubmed/12702571
https://doi.org/10.1002/ijc.23406
https://doi.org/10.1021/jo991425a
https://doi.org/10.3390/antiox12030710
https://www.researchgate.net/publication/382254634_Artificial_Intelligence-Guided_Discovery_of_Anticancer_Compounds_from_Marine_Plants_A_Focus_on_Sargassum_SPP
https://www.researchgate.net/publication/382254634_Artificial_Intelligence-Guided_Discovery_of_Anticancer_Compounds_from_Marine_Plants_A_Focus_on_Sargassum_SPP
https://doi.org/10.3390/foods10112739
https://doi.org/10.3390/ijms20235978
http://bioware.ucd.ie/~compass/biowareweb/
https://doi.org/10.1016/j.ijbiomac.2017.03.061
https://doi.org/10.3390/md20100610
https://doi.org/10.1016/j.fsi.2016.08.052
https://doi.org/10.3390/antiox15050615


Antioxidants 2026, 15, 615 38 of 38

200. Job Dispatcher | EMBL-EBI. Available online: https://www.ebi.ac.uk/jdispatcher/ (accessed on 20 April 2026).
201. Sigrist, C.J.A.; Cuche, B.A.; de Castro, E.; Coudert, E.; Redaschi, N.; Bridge, A. The PROSITE Database for Protein Families,

Domains, and Sites. Nucleic Acids Res. 2026, 54, D451–D458. [CrossRef] [PubMed]
202. MyHits. Available online: https://bio.tools/myhits (accessed on 20 April 2026).
203. I-TASSER. Available online: https://bio.tools/i-tasser (accessed on 20 April 2026).
204. Ragozzino, C.; Casella, V.; Coppola, A.; Scarpato, S.; Buonocore, C.; Consiglio, A.; Palma Esposito, F.; Galasso, C.; Tedesco, P.;

Della Sala, G.; et al. Last Decade Insights in Exploiting Marine Microorganisms as Sources of New Bioactive Natural Products.
Mar. Drugs 2025, 23, 116. [CrossRef] [PubMed]

205. Liu, Z.; Zhao, Y.; Huang, C.; Luo, Y. Recent Advances in Silent Gene Cluster Activation in Streptomyces. Front. Bioeng. Biotechnol.
2021, 9, 632230. [CrossRef]

206. antiSMASH Bacterial Version. Available online: https://antismash.secondarymetabolites.org/#!/start (accessed on 20 April 2026).
207. Mohimani, H.; Liu, W.-T.; Kersten, R.D.; Moore, B.S.; Dorrestein, P.C.; Pevzner, P.A. NRPquest: Coupling Mass Spectrometry and

Genome Mining for Nonribosomal Peptide Discovery. J. Nat. Prod. 2014, 77, 1902–1909. [CrossRef] [PubMed]
208. Pep2Path: Automated Mass Spectrometry-Guided Genome Mining of Peptidic Natural Products. Available online: https://pep2

path.sourceforge.net/ (accessed on 20 April 2026).
209. Casella, V.; Della Sala, G.; Scarpato, S.; Buonocore, C.; Ragozzino, C.; Tedesco, P.; Coppola, D.; Vitale, G.A.; De Pascale, D.;

Palma Esposito, F. Novel Insights into the Nobilamide Family from a Deep-Sea Bacillus: Chemical Diversity, Biosynthesis and
Antimicrobial Activity Towards Multidrug-Resistant Bacteria. Mar. Drugs 2025, 23, 41. [CrossRef]

210. Alonso-Álvarez, S.; Pardal, E.; Sánchez-Nieto, D.; Navarro, M.; Caballero, M.D.; Mateos, M.V.; Martin, A. Plitidepsin: Design,
Development, and Potential Place in Therapy. Drug Des. Devel. Ther. 2017, 11, 253–264. [CrossRef] [PubMed]

211. Losada, A.; Muñoz-Alonso, M.J.; García, C.; Sánchez-Murcia, P.A.; Martínez-Leal, J.F.; Domínguez, J.M.; Lillo, M.P.; Gago, F.;
Galmarini, C.M. Translation Elongation Factor eEF1A2 Is a Novel Anticancer Target for the Marine Natural Product Plitidepsin.
Sci. Rep. 2016, 6, 35100. [CrossRef] [PubMed]

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

https://doi.org/10.3390/antiox15050615

https://www.ebi.ac.uk/jdispatcher/
https://doi.org/10.1093/nar/gkaf1188
https://www.ncbi.nlm.nih.gov/pubmed/41263099
https://bio.tools/myhits
https://bio.tools/i-tasser
https://doi.org/10.3390/md23030116
https://www.ncbi.nlm.nih.gov/pubmed/40137302
https://doi.org/10.3389/fbioe.2021.632230
https://antismash.secondarymetabolites.org/#!/start
https://doi.org/10.1021/np500370c
https://www.ncbi.nlm.nih.gov/pubmed/25116163
https://pep2path.sourceforge.net/
https://pep2path.sourceforge.net/
https://doi.org/10.3390/md23010041
https://doi.org/10.2147/DDDT.S94165
https://www.ncbi.nlm.nih.gov/pubmed/28176904
https://doi.org/10.1038/srep35100
https://www.ncbi.nlm.nih.gov/pubmed/27713531
https://doi.org/10.3390/antiox15050615

	Introduction 
	Antioxidants 
	Anti-Inflammatory Compounds 
	Anticancer Compounds 

	Peptides from the Deep Ocean Environments 
	Peptides from the Polar Environments 
	Antioxidants 
	Anti-Inflammatory Activity 
	Anticancer Activity 

	Peptides from the Tropical Environment 
	Antioxidants 
	Anti-Inflammatory Peptides 
	Anticancer 

	Bioinformatic Tools for Peptide Discovery 
	Conclusions 
	References

