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Abstract

Marine, endophytic microorganism creatures living in this environment should be investigated as an exceptional source for 
several new products and knowledge. Microorganisms obtained from such environment can be highly beneficial to science, 
health, and industry. Searching for novel isolates secreting potent secondary metabolites, and having promising biological 
activities is the target of current researches all over the world. In this review, it was highlighted that screening for endophytic 
fungi from marine sources with remarkable bioactivities. Many studies are required to complete investigating potentials of the 
promising isolated endophytic microorganisms.
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Abbreviations: EtOAc: Ethyl Acetate; DKPs: 
Diketopiperazines; HCV: Hepatitis C Virus; ROS: Reactive 
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Introduction

Marine environment (Oceans and seas cover almost 
three quarter of the Earth’s surface and host 50% -80% of 
life forms) represents an untapped source of fungal diversity, 
where it has been estimated that about 10% of fungi have 
been explored until now. These fungi are also becoming an 
appealing source of natural products. Fatal diseases require 
searching for new compounds with high activity and/or 
novel action mechanisms, screening for promising sources of 
biologically active compounds that fulfill the current needs 
of humanity is a matter of life and death. Fungi generally [1-
5], and endophytic ones specifically [6-10], represent future 
factories and potent biotechnological tools for production of 

bioactive natural substances, which could extend healthy life 
span of humanity (as done by penicillin from centuries), and 
are considered promising alternatives for some high costly 
produced chemicals and drugs [11-15].

Endophytic mycobiota are fungi that commonly spend 
their life cycle (or part of it) inhabiting intercellular and/or 
intracellular spaces in the tissues of healthy plants, lichens, 
Algae, seagrass, soft coral, sponge and others marine host, 
without harmful aspects. Literally, the word endophyte 
indeed describes location of these microorganisms: ‘endo’ 
means inside and ‘phyte’ means plants. These endophytes 
have key roles in enhancing the adaptation of host plants 
to environmental stresses such as salinity and temperature. 
However, the presence of such endophytes depends on many 
factors including environmental factors such as, total soluble 
salts, pH, as well as nature and age of the host [16-20].
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Various biological activities such as antitumor, 
antibacterial, antiviral, antimalarial, antidiabetic, 
hypocholesterolemic, and immunomodulatory are reported, 
for some metabolites secreted by endophytic fungi, such as 
phenols, alkaloids, isoprenoids, steroids, isocoumarines, 
perylene derivatives, quinones, furandiones, xanthones, 
terpenoids, depsipeptides, cytochalasin, polyketides, 
proteins, peptides, lipids, shikimates, and glycosides. 
Furthermore, endophytes produce various low-molecular-
weight volatile organic compounds such as alcohols, ketones, 
esters, acids, and hydrocarbons. On the otherhand, many 
enzymes produced by endophytes are used nowadays in 
the industries of food, cosmetics, biofuels, paper, cellulose, 
textile, fine chemicals, detergents, biomaterials, and leather 
[21-25].

The present review highlights some bioactive secondary 
metabolites, produced by fungal endophytes isolated from 
marine environment, involved in medical, pharmaceutical, 
agricultural, and industrial applications.

Marine Endophytic Fungal Metabolites: The 
New World of Pharmaceutical Therapy 

Marine endophytic fungi have been found in every marine 
plants (algae, seagrass, driftwood, mangrove plants), marine 
vertebrates (mainly, fish) or marine invertebrates (mainly, 
sponge and coral) inter- and intra-cellular without 
causing any palpable symptoms of illness. Since evolution 
of microbes and eukaryotes to a higher level, coevolution has 
resulted in specific interaction mechanisms. Endophytic 
fungi are known to influence the life cycle and are necessary 
for the homeostasis of their eukaryotic hosts and the 
chemical signals of their host have been shown to activate 
gene expression in endophytes to induce expression of 
endophytic secondary metabolites. Marine endophytic fungi 
are receiving increasing attention by chemists because of 
their varied and structurally unmatched compounds that 
have strong biological roles in life as lead pharmaceutical 
compounds, including anticancer, antiviral, insulin mimetic, 
antineurodegenerative, antimicrobial, antioxidant and 
immuno-suppressant compounds [26].

Two new sulfonyl metabolites, pensulfonoxy and 
pensulfonamide, together with four known metabolites 
were obtained from the fermentation extract of Penicillium 
aculeatum, an endophytic fungus isolated from the marine 
red alga Laurencia obtusa. The structures of the compounds 
were established on the basis of extensive NMR and MS 
spectroscopic analysis. The ethyl acetate extract exhibited 
potent antibacterial inhibitory activity against Escherichia 
coli, while pensulfonamide exhibited antifungal activity 
against Candida albicans with inhibition diameters of 20.5 
and 18.0 mm, respectively. Moreover, pensulfonamide also 

displayed the most potent preferential cytotoxicity against 
MCF-7, while pensulfonoxy displayed relatively mild activity 
against HCT-116 with IC50 values of 2.18 and 5.23 µM, 
respectively, compared to the drug control, paclitaxel [27].

Forty-eight endophytic fungal strains were isolated 
and purified from ten Egyptian medicinal plants and their 
culture broth extracts were explored for HCV protease 
inhibitory activity and cytotoxicity. The ethyl acetate extracts 
of Alternaria alternata PGL-3, Cochliobolus lunatus PML-
17, Nigrospora sphaerica EPS-38, followed by Emerecilla 
nidulans RPL-21 showed the most potent inhibition of HCV 
NS3/4A protease with IC50 17.0, 20.5, 33.6, and 54.6 μg/ml, 
respectively, with low cytotoxicity except for the later. The 
extracts of Emericella nidulans RSL-24, Fusarium oxysporum 
SML-41, Emericella nidulans RPL-21, and Penicillium sp. RSL-
43 exhibited strong cytotoxic activity against human breast 
cancer cell lines (MCF-7) with IC50 10.8, 11.0, 12.5, and 13.7 
μg/ ml, respectively. Emericella nidulans RSS-22, Emericella 
nidulans RSL-24, and Fusarium oxysporum SML-41 displayed 
a potent cytotoxic effect on human liver cancer cell lines 
(HEP-G2) with IC5014.8, 20.3 and 24.0 μg/ ml, respectively. 
Alternariol and alternariol -9-methyl ether were isolated 
from the ethyl acetate extract of Alternaria alternata PGL-
3 whereas, emericellin, shamixanthone, arugosin C were 
isolated from the ethyl acetate extracts of Emericella 
nidulans RPL-21. The results suggest Alternaria alternata 
PGL-3 endophyte from Punica granatum peel as a source of 
antiviral lead [28].

Scale-up fermentation of the marine endophytic fungus 
Penicillium chrysogenum in biomaltpeptone media followed 
by cytotoxicity-guided fractionation led to the isolation 
of haenamindole, an unusual Diketopiperazine (DKP) 
alkaloid, along with other five known DKPs. Haenamindole 
was elucidated on the basis of comprehensive 1D and 2D 
NMR spectroscopic including ¹⁵N-HSQC and ¹⁵NHMBC and 
mass spectrometric analyses. The compound possesses the 
secondary hydroxamic acid functionality of N-piperazindione 
ring system confirmed by methylation in sodium dimethyl 
sulfate and dry dimethylformamide to yield haenamindole-
22-N-methyl ether. However, haenamindole demonstrated 
weak HCV protease activity with an IC50 value of 76.3µM, its 
cytotoxicity profiling in a panel of up to 12 cell lines indicated 
significant cytotoxicity of the compound with pronounced 
selectivity for colon-38 cancer cells compared to the human 
normal cells [29].

Marine-derived microbes, fungi in particular, have long 
been recognized as a potential source of structurally novel 
and biologically potent metabolites [1,6]. The fungal genus 
Emericella is one of the sexual states of Aspergillus. Several 
species of this genus are saprobes, whereas others are either 
pathogenic or endophytic on living plants [20]. Cultivation 
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of this fungus in Czapek’s peptone media led to the isolation 
of five known metabolites: sterigmatocystin, emericellin, 
cordycepin, ergosterol peroxide, and myristic acid from the 
ethyl acetate extract of the culture broth. The structures were 
elucidated on the basis of NMR spectroscopic analysis and 
mass spectrometry. The ethyl acetate extract and the isolated 
compounds were tested for antimicrobial properties, activity 
against cancer cell lines, and inhibition of the hepatitis C 
virus protease and possess promising anti-HCV protease 
activity and selective anticancer activity against liver cancer 
cell lines [30].

Nasr, et al. [31], studied that bioactive secondary 
metabolites from Emericella nidulans sp. Emericellin and 
Sterigmatocystine were isolated from the ethanolic crude 
extract. The chemical structure of the isolated compounds 
was identified by the comparison of 1D, 2D NMR and 
HRESIMS data with authentic spectra. Sterigmatocystin 
was known to have an in vitro cytotoxicity against liver 
cancer HEP-G2. Interestingly, the metabolic profile of 
n-hexane lipophilic compounds were elucidated by (GC-MS) 
analysis that led to the identification of phytol and farnesol 
(Terpenoid compounds), oliec acid, parafines and fatty acid 
esters. Emericella nidulans is a filamentous fungus which 
belongs to phylum Ascomycota, it was considered as a rich 
source of secondary metabolites with potential bioactivities. 
Polyketides with a benzophenone nucleus were previously 
isolated from the total extract of E. nidulans [1]. Emericellin 
was tested for its inhibitory activity against HCV protease 
using HCV NS3 protease inhibitor as a positive control. It 
showed a mild inhibitory effect with IC50 values of 50.0, 
µg/ml. Generally, Xanthonic compounds showed interesting 
biological activities associated with their tricyclic scaffold 
depending on the nature and/or position of the different 
substituents [6]. The relationship between activity and the 
presence of prenyl groups in key-positions on the xanthone 
nucleus was associated with some biological activities, 
such as inhibition of human lymphocyte proliferation, 
PKC modulation, antitumor, and anti-inflammatory. The 
structures of these metabolites were determined by MS and 
NMR spectral analysis [31].

Three endophytic fungal strains, Fusarium equiseti, 
Scopulariopsis fusca and Geotrichum candidum were isolated 
from the inner tissue of the brown alga Padina pavonica, 
collected from the Red Sea. The organic extracts of their 
liquid cultures were evaluated for their inhibition of hepatitis 
C virus (HCV) NS3-NS4A protease. As a result, Fusarium 
equiseti showing a high-level inhibition of HCV protease 
(IC50 27.0 µg/ml) was selected for further investigation on 
its secondary metabolites. The fungus was identified by its 
morphology and 18S rDNA. Bioassay-guided fractionation of 
the EtOAc extract of the fungus culture broth revealed seven 
known metabolites. The structures of these metabolites were 

determined by MS and NMR spectral analysis. The isolated 
compounds were explored for inhibition of HCV NS3-NS4A 
protease activity [32]. 

Hepatitis C virus (HCV) infection is a global problem due 
to the difficulties in developing a protective vaccine. Ahmed, 
et al. [33], demonstrated that the ethyl acetate extract of 
the endophytic fungus Aspergillus versicolor exhibited 
significant activity against HCV NS3/4A protease with IC50 
value of 30μg/mL. The fungus was isolated from the Red 
Sea black sponge Spongia officinalis and identified by its 
morphology and 18S rDNA. Large-scale fermentation of the 
fungus followed by chromatographic purification with silica 
gel, Sephadex LH-20 and semipreparative HPLC of the active 
extract led to isolation of some known metabolites related 
to cyclodipeptides and the so-called diketopiperazines 
(DKPs). The DKP, cyclo (L-Tyr-L-Pro), displayed strong 
effect as HCV protease inhibitor with IC50 value of 8.2 μg/ 
mL. A computational docking study of cyclo (L-Tyr-L-Pro) 
against HCV protease was used to formulate a hypothetical 
mechanism for the inhibitory activity of the active compound 
on the tested enzyme [33].

Three fungal strains, Alternaria alternata, Eurotium 
chevalieri and Penicillium crustosum were isolated from 
the normal tissues of the soft coral Litophyton arboreum, 
collected from the Egyptian Red Sea coast. The ethyl acetate 
(EtOAc) extracts of their liquid cultures were subjected to 
primary screening of anticancer and inhibition of hepatitis 
C virus (HCV) NS3-NS4A protease. As a result, Alternaria 
alternata showing a high-level inhibition of HCV protease 
(IC50 14.0 μg/mL) was selected for further investigation on 
its secondary metabolites. The fungus was identified by its 
morphology and 18S rDNA. Bioassay-guided fractionation 
of the EtOAc extract of Alternaria alternata culture broth 
revealed 5 metabolites: alternariol-9-methyl ether3-O-
sulphate, alternariol-9-methyl ether, alternariol, maculosin 
and maculosin-5 [34]. The structures of these metabolites 
were assigned on the basis of detailed spectroscopic analysis. 
The biological properties of the isolated compounds were 
explored for inhibition of HCV NS3-NS4A protease as well as 
anticancer and antimicrobial activities [34].

Hepatitis C virus (HCV) NS3-NS4A protease is an 
attractive target for anti-HCV agents because of its important 
role in replication. Hawas, et al. [35], demonstrated that the 
ethyl acetate extract of the endophytic fungus Penicillium 
chrysogenum exhibited a potent activity against HCV NS3-
NS4A protease with an IC50 value of 20 microg/ ml [35]. 
The fungus was isolated from the red alga Liagora viscida 
and identified by its morphology and 18S rDNA. Large-
scale fermentation of the fungus in Czapek’s peptone liquid 
medium followed by chromatographic purification of the 
active extract from the liquid medium allowed the isolation 
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of twelve known metabolites. The biological properties 
of the isolated compounds were explored for anti-HCV 
protease as well as antimicrobial and anticancer activities. 
A computational docking study of the active isolated 
compounds against HCV protease was used to formulate a 
hypothetical mechanism for the inhibitory activity of the 
active compounds on the tested enzymes [35].

The marine fungus Aspergillus versicolor was isolated 
from the inner tissue of the Red Sea green alga Halimeda 
opuntia. The fungus was identified by its morphology and 18s 
rDNA. Cultivation of this fungal strain led to a new metabolite 
named isorhodoptilometrin-1-methyl ether along with the 
known compounds emodin, 1-methyl emodin, evariquinone, 
7-hydroxyemodin 6,8-methyl ether, siderin, arugosin C, and 
variculanol [36]. The structures were elucidated on the basis 
of NMR spectroscopic analysis and mass spectrometry. The 
biological properties of ethyl acetate extract and compounds 
1-3 and 6-8 were explored for antimicrobial activity, anti-
cancer activity and inhibition of Hepatitis C virus (HCV) 
protease [36].

Marine fungi and, particularly, endophytic species 
have been recognised as one of the most prolific sources of 
structurally new and diverse bioactive secondary metabolites 
with multiple biotechnological applications. Despite the 
increasing number of bioprospecting studies, very few have 
already evaluated the cosmeceutical potential of marine 
fungal compounds. Thus, many studies focused on a frequent 
seaweed in the Portuguese coast, Halopteris scoparia, to 
identify the endophytic marine fungi associated with this 
host, and assess their ability to biosynthesise secondary 
metabolites with antioxidative, enzymatic inhibitory 
(hyaluronidase, collagenase, elastase and tyrosinase), 
anti-inflammatory, photoprotective, and antimicrobial 
(Cutibacterium acnes, Staphylococcus epidermidis and 
Malassezia furfur) activities. Calado, et al. [37], isolated eight 
fungal taxa included in the Ascomycota, and in the most 
representative taxonomic classes in marine ecosystems 
(Eurotiomycetes, Sordariomycetes and Dothideomycetes). 
These fungi were reported for the first time in Portugal and 
in association with H. scoparia, as far as it is known. The 
screening analysis showed that most of these endophytic 
fungi were producers of compounds with relevant biological 
activities, though those biosynthesised by Penicillium sect. 
Exilicaulis and Aspergillus chevalieri proved to be the most 
promising ones for being further exploited by dermocosmetic 
industry. The chemical analysis of the crude extract from 
an isolate of A. chevalieri revealed the presence of two 
bioactive compounds, echinulin and neoechinulin A, which 
might explain the high antioxidant and UV photoprotective 
capacities exhibited by the extract. These noteworthy results 
emphasised the importance of screening the secondary 

metabolites produced by these marine endophytic fungal 
strains for other potential bioactivities, and the relevance of 
investing more efforts in understanding the ecology of halo/
osmotolerant fungi [37].

Endophytes are an unexploited source of 
pharmacologically relevant compounds owing to their species 
richness and diversity. Kamat, et al. [38], reported that, a total 
of 26 endophytic fungi were isolated and identified from 10 
marine algal samples collected from the Konkan coast, Goa, 
India. Eighteen of the fungal isolates belonged to phylum 
Ascomycota while one belonged to phylum Basidiomycota 
based on ITS sequencing. Further, the genus Aspergillus sp. 
was the most common and abundant endophyte found in 
the sampled algal species. A significant antibacterial activity 
against five pathogenic bacteria was exhibited by the extracts 
of fungal isolates AG1.1, AG1.1 (G) and VG2.6 (agar diffusion 
assay). The extracts of fungal endophytes VB1.1, PG1.2 
and VG2.6 demonstrated good antioxidant activity (DPPH 
scavenging assay). Further, cytotoxicity of all the endophytic 
extracts on human cancer cell lines was determined by 
MTT and resazurin assay. The crude extract of Aspergillus 
unguis (AG 1.2) showed the highest cytotoxic potential on 
cervical cancer (HeLa), breast cancer (MCF-7), lung cancer 
(A549), and skin cancer (A431) cell lines in a concentration 
dependent manner. Moreover, Gas Chromatography-Mass 
Spectroscopy analysis of the extract of A. unguis (AG 1.2) 
confirmed the presence of several bioactive metabolites 
including azelaic acid, azetidine, and furopyrans. The extract 
of A. unguis (AG 1.2) demonstrated G1 phase cell cycle arrest, 
reactive oxygen species (ROS)-dependent MMP loss and 
apoptosis-dependent cell death in A431 cells. The algae-
derived fungal endophytes of Konkan coast are a rich source 
of novel pharmaceutically active compounds as indicated by 
Kamat, et al. [38].

Zhou, et al. [39], studied and measured the antibacterial 
and antitumor cell activity for secondary metabolites of 
marine fungi, which were isolated from different habitats 
in coastal regions. 195 strains of marine fungi were isolated 
and purified from three different habitats. They biologically 
active experiment results showed that fungi isolation from 
the mangrove habitats had stronger antibacterial activity 
than others, and the stains isolated from the estuarial 
habitats had the least antibacterial activity. However, the 
strains separated from beach habitats strongly inhibited 
tumor cell proliferation in vitro, and fungi of mangrove 
forest habitats had the weakest activity of inhibiting tumor. 
Meanwhile, 195 fungal strains belonged to 46 families, 84 
genera, and 142 species and also showed 137 different types 
of activity combinations by analyzing the inhibitory activity 
of the metabolites fungi for 4 strains of pathogenic bacteria 
and B-16 cells [39].
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Different studies investigated the biological activity of 
marine fungi isolated from different habitats and the results 
help us to understand bioactive metabolites of marine fungi 
from different habitats, and how to selected biological activity 
fungi from various marine habitats effectively [40-42].

Marine fungi are rich in antimicrobial compounds such 
as anthrones, cephalosporins, peptides, steroids [43]. These 
compounds which are derived mainly focused in the area of 
anti-inflammatory, anti-oxidant, anti-fungal, anti-microbial, 
anti-fouling activity. Bioactive terpene compounds are 
produced by marine fungi and marine derived fungi can 
produce sclerotides, trichoderins. Marine fungi have become 
the richest sources of biologically active metabolites and 
structurally novel in the marine environment. In a recent 
study the marine derived fungi dichotomomyces cejpii 
exhibits activity towards cannabinoid which is used to treat 
alzheimer dementia. Aspergillus unguis showed significant 
acetyl cholinesterase besides its anti-oxidant activity. These 
acts as a promising intent for discovery of pharmaceutically 
important metabolites like alkaloids, peptides. Computational 
(in silico) strategies have been developed and broadly 
applied to pharmacology advancement and testing [43,44].

In recent years, a considerable number of structurally 
unique metabolites with biological and pharmacological 
activities have been isolated from the marine-derived fungi, 
such as polyketides, alkaloids, peptides, lactones, terpenoids 
and steroids. Some of these compounds have anticancer, 
antibacterial, antifungal, antiviral, anti-inflammatory, 
antioxidant, antibiotic and cytotoxic properties. According to 
a classical definition, marine fungi are divided into obligate 
marine fungi and facultative marine fungi [45].
 

In fact, marine fungi often live as symbionts in algae, 
mangrove, coral, sea anemone, starfish, sea urchin, seagrass, 
and, especially, sponges. Collection of marine fungi usually 
requires the collection of the host or supporting material 
(e.g., algae, marine invertebrates, sediment or water, and 
even driftwood). Herein, a neutral term “marine-derived 
fungi” was used, which includes any fungal strain obtained 
from marine environment using cultivation techniques with 
“marine” media [46,47].

Marine fungi recently appeared as producers of 
an amazing variety of structurally unique secondary 
metabolites, they may represent a promising resource for 
identifying new candidates for therapeutic drugs or daily 
additives. Anthraquinones and their derivatives constitute a 
large group of quinoid compounds with about 700 molecules 
described. They are widespread in fungi and their chemical 
diversity and biological activities recently attracted attention 
of industries in such fields as pharmaceuticals, clothes 
dyeing, and food colorants [48].

Conclusion

Emergence of new lethal diseases require continuous 
screening for new microorganisms that possibly produce 
novel compounds capable of treating such diseases through 
supporting the action of currently available drugs and/ 
or substitute them. The marine environment is the most 
essential sources regarding to natural products in research, 
since organisms from oceans have exhibited exceptional 
biological, biochemical, and biosynthetic potential. Similarly, 
microorganisms’ natural products represent a substantial 
area for novel therapeutic compounds search. Many reviews 
highlighted microbial metabolites as targets for discovery 
and development of new drugs, especially anticancer, 
antibiotics, antifungals, and antiparasitics and others. 
Marine fungal endophytes are therefore virtually unlimited 
sources of novel compounds with numerous potential 
therapeutic applications due to their immense diversity 
and proven ability to produce natural products of medicinal 
and pharmaceutical importance, thus inspiring researchers 
to further study them. This review represents some of the 
endophytic fungi isolated from marine sources that produce 
metabolites with various biological activities. The potential 
for the exploitation in the pharmaceutical activities and 
concerns are also discussed. The marine environment 
have unique content of living microorganisms attract and 
encourage for searching inside these remarkable places for 
new species that may contribute in saving health of humanity.
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