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Abstract:

Mangroves are important — for the life on the earth. Coastal regions that are tropical or
subtropical are home to mangrove forests, supporting a vast variety of animals, both
above and below the water, that provide food and shelter. Mangrove plants are
associated with the microorganisms of endophytes such as actinomycetes, fungi and
bacteria in each part of their plant body which secretes potential bioactive compounds
exhibiting properties like immunosuppressants, antimicrobial, anti-parasitic, anti-
cancer, antioxidants etc. Of the various microbes, endophytic fungi of mangroves have
been recognized as a novel and significant sources of naturally occurring bioactive
compounds with varied activities. Bioprospecting endophytes from mangrove species
could offer a great solution in discovering potential drug candidates. The current review
mainly focuses on the endophytic fungi of mangroves as novel sources for potential
bioactive compounds.

Keywords: Mangroves, Bioprospecting, Endophytic fungi, Bioactive compounds,
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1. Introduction:

Mangroves are woody trees or shrubs found along tropic or sub-tropical coastlines near
the equator, unable to withstand freezing temperatures. They create a unique ecological
environment with diverse species, some of which have evolved adaptations to survive
in salty and oxygen-poor soil [7]. Mangroves, found in 112 countries, cover 18 million
hectares, with 41.4% in Southeast Asia. The continents like Asia and Australia have the
highest diversity of the mangrove varieties. They are divided into eastern and western
groups, with the Eastern group having five times more species. The largest mangrove
formations are in Indonesia, Brazil, Bangladesh, and India. The main plant species
found in mangrove forests are trees and shrubs from various families, classified as red,
white, and black, and include species like Hibiscus pernambuensis and Acrostichum
speciosum, also known as mangrove cotton and mangrove fern [20].

Mangroves have enormous ecological value. They protect and stabilize the coastlines,
enrich coastal water, yield commercial forest products, and support coastal fisheries
[4]. The exploration of novel energy harvesting technologies, such as the plant-based
triboelectric nanogenerator developed by Babu et al., (2022), highlights the innovative
applications of natural resources in advancing biotechnological solutions. They
produce organic carbon, contribute to the global carbon cycle, and exhibit activity
against pathogens. Mangrove endophytes, which include bacteria and fungi, are
promising sources of bioactive compounds with medicinal applications. They are
perfect locations for conducting experiments on ecological functioning and biodiversity
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[1] [55]. Mangroves contain endophytic microorganisms like bacteria, fungi, and
actinomycetes that maintain symbiotic relationships with plants. These fungi produce
immunosuppressants, antimicrobials, anticancers, and antioxidants, which are
beneficial for the host plant under adverse conditions. These compounds are used in
various applications, including antibiotics, immunosuppressants, and antioxidants [21].

This review explores the compounds from endophytic fungi which are potentially
active, particularly those from mangrove ecosystems that are identified as potential
sources of anticancer metabolites due to their diverse activities. Figure 1 shows the
global distribution of mangroves.

Figure 1: Global distribution of mangroves

2. Mangrove Endophytes:

Endophytes, or organisms living within plants, are often associated with mangroves
like bacteria and fungi. They can prevent pathogenic organisms from colonizing, create
a barrier effect, produce chemicals, stimulate plant growth, and modify plant biology
for survival in extreme environments. Additionally, endophytes produce bioactive
antimicrobial products and secondary metabolites, including immunosuppressive,
antiviral, antidiabetic, anticancer, and antioxidant substances.

2.1. Endophytic fungi of Mangroves: Endophytic fungi, are marine fungi found in
mangrove plants and soils [11]. They are the second largest ecological group, having
unique survival mechanisms, such as high salt concentration growth through endophyte
host interactions [82]. Fungal endophytes, including Aspergillus, Penicillium,
Fusarium, Cephalosporium, Blastomyces, and Candida, exhibit potent activity against
organisms and have the potential to produce bioactive compounds [60].

2.2. Importance of Endophytic fungi: Natural product development has attracted
attention because of its cheap production costs, structural diversity, and medicinal
chemicals used for a variety of disorders. Mycology is the study of fungi and their uses
in agriculture, medicine, and the environment [2]. A widespread and varied class of
microorganisms known as endophytic fungus produces bioactive substances that are
comparable to those produced by their host plant [12,14,50,56,59]. The endophytic
fungi contains two broad groups: C-endophytes (clavicipitaceous) found in grasses and
transmitted through vertical transfer, and NC-endophytes (non-clavicipitaceous) found
in the majority of angiosperms and cryptogamic plants asymptomatic tissues [13]. Both
fungi and bacteria are common endophytes, producing a wide range of secondary
metabolites with medicinal properties [57] [48].

Endophytic fungi produce bioactive metabolites like anticancer compounds, based on
the genetics, environmental factors, and host species [61] [49]. Host plants provide
nutrition to endophytes, which help plants grow and produce secondary metabolites
which protect against plant pathogens [9] [77]. The metabolites produced by
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endophytes can sustain the mix of auxiliary metabolites that are naturally dynamic, such
as phenol, citrinin, taxol, and piperine [68] [34]. Endophytes help the host plant by
boosting immunity and producing secondary metabolites that are useful in a variety of
industries [64] [30]. Plants, including roots, leaves, stems, fruit, and rhizome, contain
biological compounds [13]. Recently, drug discovery has focused on microorganisms
in mangrove plants [26], with the current review focusing on mangrove endophytic
fungus and the bioactive substances they produce have a wide range of biological
activity.

3. Bioactive Compounds from Endophytic Fungi:

Biologically active substances secreted by endophytic bacteria support host plants in
challenging environments and shield them from diseases and predators. The
manufacturing of growth hormones, enzymes, and antibiotics from endophytes has
gained importance in agricultural and medicinal fields. Endophytic fungi secrete
secondary metabolites such as alkaloids, benzopyrones, flavonoids, phenolic acids,
quinones, steroids, terpenoids, xanthones, saponins, and tannins. These bioactive
compounds act as strong immunosuppressants, antiparasitic, anti-inflammatory,
antiviral, anticytotoxic, and antioxidants [3]. One of the most exciting and ambitious
scientific advances of our day is the hunt for novel bioactive chemicals and their
possible biological actions.

In addition to creating growth-promoting compounds and insect and pest repellents,
endophytic fungus also help plants absorb nutrients [6]. Co-evolutionary processes
have given these endophytes a vast metabolic capacity to produce highly bioactive
chemicals that may be used for commercial purposes. Figure 2 shows Endophyte
Bioprospecting and the identification of new, valuable metabolites with economic
relevance are summarized in the following sessions.

Host-plants Endophytic fungi ||
Anticancer Cytotoxic Alkaloids Steroids
Antimicrobial  Antibacterial Terpenes Polyketides

Antifungal - oumarins
Anti-inflammatory b Quinones
Neuroprotective Pvrones [Yeolyphenc
Antitubercular Antiviral i Chromens
Medicinal targets Secondary metabolites

Figure 2: Schematic representation of Bioprospecting of endophytes and
discovery of novel compounds, for their commercial significance

3.1. Antibacterial activity: Deshmukh er al, (2014) investigated antibacterial
compounds extracted from endophytic fungi. Many of the researchers have isolated
compounds with antibacterial activity from various endophytic fungi with different host
plants. These compounds include Phomoxanthone A, Dicerandrol C,
Cycloepoxylactone and cycloepoxytriol B, Phomosines A—C, Phomosine A and G,
Phomopsichalasin, 4-(2, 4, 7-trioxa-bicyclo [4.1.0] heptan-3-yl) phenol Colletotric
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acid, artemisinin, two Fusarusides, Fusapyridon A, Javanicin, Fusaric acid, Epoxydine
B, Epoxydon, Flavipucine, Anhydrofusarubin, Javanicin, dihydrojavanicin, and
solaniol. Mazlan et al., 2019 studied endophytic fungi of Fusarium sp. and enlisted
various compounds effective against E. coli and B. megaterium. Some of the
endophytic fungi that have antibacterial properties are included in Table 1.

3.2. Antifungal activity: Strobel and Daisy (2003) have highlighted the various
problems that today’s pharmaceutical industry is facing. These include- the appearance
of various drug-resistant bacteria and viruses, increased instances of infections caused
by fungi, and the patients with transplanted organs are facing many problems with
infections. Endophytic fungi are a new hope in all these as many endophytic fungi have
antimicrobial potential. Literature shows abundant studies on isolating compounds with
antifungal potential from endophytic fungi harbouring different host plants. These
include- pentaketide [8], Glucoside derivatives — xylarosides [52], Cytosporone B and
C [28], Cryptosporiopsis quercin [65], Cryptocin, a tetramic acid [38]. Pseudomycins
L [5] etc. Many of the researchers reported that certain endophytic fungi of mangroves
have shown activity against certain fungal pathogens and these include Phylotypes
Lecythophora species 1, 2 and Fusarium oxysporum [58], Colletotrichum ovulariopsis,
Phomopsis pestalotiopsi and Alternaria, Paecilomyces sp. [29]. Some of the endophytic
fungi with antifungal properties are included in Table 1.

3.3. Anticancer activity:Cancer is a dreadful disease, and the search for an effective
and low-cost anti-cancer drug has been one of the greatest challenges in today’s world
for mankind. Endophytes are naturally available compounds that contain anticancer
properties [17]. Paclitaxel is the first significant class of anticancer drugs to be created
and some of its derivatives from endophytes. Taxomyces andreanae, which has opened
a new horizon for obtaining a cheaper product through microorganism fermentation
[63]. Further investigations have led to the discovery of Taxol in many fungal
endophytes either related to Yew trees or not associated with it, such as Wollemia
nobilis [66], Taxodium distichum [39], Bartaliniarobillardoides [19], Phyllosticta
spinarum [32], Botryodiplodia theobromae [51], Pestalotiopsis terminaliac [18],
Tubercularia sp. [72], Sporormia minima and Trichothecium sp. [62]. Campthothecin,
an alkaloid, is an important antineoplastic agent isolated from Campthotheca acuminate
wood in China [69]. Ergoflavin, a compound from the ergochromes class, is isolated
from an endophytic fungus from Mimusops elengi [16], Trametes hirsute, a
Podophyllotoxin-producing endophytic fungus, has shown promising anticancer
properties [53]. Strong anticancer properties have been demonstrated by secalonic acid
D, which was extracted from the mangrove endophytic fungus. [81], other endophytic
fungi or compounds with anti-cancer or anti-tumor properties include Aspergillus
fumigates, Fresenius, Torreyanic acid, three novel cytochalasins, and Streptomyces
microorganisms [33] [37]. Table 1 shows some of the endophytic fungi with anticancer
activity.

3.4. Antiviral activity: It has been discovered that endophytic fungal antimicrobial
compounds inhibit viruses [22], with Cytonaema sp. cytonic acids A and B functioning
as inhibitors of human cytomegalovirus protease. An endophytic fungus called
Pestalotiopsis theae was found on an unnamed tree in Jianfeng Mountain, China, and it
generated Pestalotheol C, an anti-HIV drug [36]. Compounds Emerimidine A and B
from Emericella species from Aegiceras corniculatum mangrove also showed effective
anti-viral activity [80]. However, because of their exposure to severe environmental
circumstances, mangrove endophytes provide a considerable need for the identification
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of new anti-viral drugs. Table 1 shows some of the endophytic fungi with antiviral
activity.

3.5. Antioxidant activity: The antioxidant qualities of endophytic fungus from
Rhizophora species, particularly Pestalotiopsis sp. and Diaporthe sp., from the South
China Sea coast were examined by Jing [82]. They discovered that these fungus extracts
can provide high-quality metabolites that are helpful in the search for new drugs. The
DPPH (2, 2-diphenyll-picrylhydrazyl) and ABTS (2, 2-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) methods were used to examine the antioxidant
activity of the fungal extracts. Mangrove sp. may be a sustainable supply of natural
antioxidants, as the isolates showed strong antioxidant activity. Table 1 shows some of
the endophytic fungi with antioxidant activity.

Table 1: The list of compounds that were separated from several mangrove
species endophytic fungus and the associated bioactivities

Mangrove | Endophytic
S. | species and fungal Bioactive . . .
No parts Isolates compounds Bioactivity | Ref
5-hydroxymellein
and -mellein or 8- Antibacteria
hydroxy-3- .
methylisochroman- Lactivity
Lasiodiplodia Antioxidant
. . 1-one, Trans and .
Avicennia theobromae cis 4 8-dihvdroxy- activity
1 lanata ’ 3_y Y Cytotoxicit
: (Root and . y
St methylisochroman-
em) 1-one [44]
Anhydrofusarubin,
Fusarium sp. solamola;;(alwamcm Antibacteria
dihydrojavanicin Lactivity
Avicennia
officinalis Alternaria 2.4.6- Ant1§1gbet1c
2. | (Leaves, longipe triphenylaniline | AUV | [s3]
Stem, &P pheny Anticancer
Roots) activity
Pestalotiopsis g?ﬁtz:ilfot;op;l(;i ‘?_’
sp. Y 6 %,_ y Antibacteria
dimethoxycoumarin ! a(ftwlty, [54]
Anticancer
Rhizophora > cytosporone C, activity
3. p t and dothiorelone B
n(l}izra(:;;z)e Eurotium Diaportheins Antibacteria [43]
chevalier BandEmodin 1 activity
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6 hydroxy-
) astropaquinone B,
Fusarium astropaquinoneD
napiforme and3-O-methyl-9- phytotoxic | [67]
O-methylfusarubin

(TR, 118)-7,12-
epoxis acidoydonic;
(7S, 10 S)-7,10-

Xylocarpus acido
moluccensis epoxysydonic;
(Leaves) Aspergillus acido 7-desoxi- [70]
sp. 7,14-didesidro-12- | Antibacteria | [71]
hydroxysydonic; € - | 1activity
7-desoxi-7,8-
didesidro-12-acido
hydroxysydonic
Pestalotiopen A
Bruguiera Nigrospora . .
gymnorrhyi sphaerica Nigronapthaphenyl A?zggﬁf;a [79]
za
Aspergillus Spergillumarinas | Antibacteria
(Leaves) sp. Aand B 1 activity [35]
Scyphiphor
a
hydrophylla | Guignardia Guignardone B Cytotoxicit
. [45]
cea sp. andGuignardonel y
(Leaves)
Bruguiera Phyllosticta
sexangular cayitalensis Guignardone A Antimicrobi [25]
(Leaves) P andguignardonel al activity
Austinol
Penicilli Penicimarins
emertiium GandH Antimicrobi
citrinum . [24]
2)-acetoxy-7- al activity
chlorocitreorosein
. 8-
Bruguiera
sexiil;ular Omethylnodulispori
Var n F andnodulisporin
rhynchopeta H, Hydroxy-2-
fa Daldinia iy o
(Leaves, | eschscholtzii oo oS | Antibacteria | o
stem, root) napthoquinone, - 1 activity [40]
hydroxy-2-
methoxy-6,7-

dimethyl-1,4-
naphthoquinone
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acetylaltersolanol
Stemphylium B, Altersolanols Antimicrobi | [31]
sp. AandB al activity | [83]
Infectopyrones
AandB
Dichlorodiaportinto Anti-
Pluchea Ascomycota ne, inflammator
9. indica sp. desmethyldichlorod Y, [10]
(Leaves) iaportin, Antimicrobi
dichlorodiaportin al activity
Pestalotiopsis L Antibacterlla
p. PestalotiopisorinB | 1, cyt.ot.0x1c [27]
Rhizophora activity.
10. stylosa Aspergillus
(Leaves) nidulans Isoversicolorin Antibacteria | [78]
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- 8-dihydroxy- Antibacteria
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aculeatum bacillisporinAand P
bacillisporinB activities
. . Antibacteria
ngrsf;s'pora Bost}%zlsllgr;(iirll)eox Le yto tpxic [75]
activity
,3,8-dihydroxy- 6-
1 Kandelia methyl-9-o0x0-9H-
: candel xanthene-1-
(Leaves) Pestalotiopsis carquylate,
vacinii pestalot}opsone F Antibacteria
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andS-
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12 Pongamia Nigrospora 3,6,8-trihydroxy-1- cytotoxic [61]
i pinnata sp. methylxanthone activity
Penicibrocazines
B-E, - .
Penicillium Bbrocapyrrozins A Qngyﬁiéi?é [46
brocae and 4-hydroxy-3- ’ tivit 47]’
Avicennia phenyl-1H-pyrrol- activity
13. marina 2(5H)-one
(Leaves)
Neosartorya Neosartoryadins Antitumor [75]
hiratsukae AandB activity
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1,2,3 4-tetrahydro-
‘ 2,3,8-trihydroxy-6- Antimicrobi
Phomopsis methoxy-3-methyl- .| 31
. 5p. 9.10- al, cy?o'toxw
Rhizophora anthracenedione activity
14. apiculata
(Leaves) - Antimicrobi
Arc1m0n1um al, cytotoxic
strictum Cytosporone E activity [23]
(2S)-2,3-dihydro-
5,6-dihydroxy-2-
methyl-4H-1-
Colletotrichu | benzopyran-4-one
an4-ethyl-3- i
o .. hydrox}},l-6- Cyt(?t(?xlc [42]
gloeosporioide activity
15. Ceriops propenyl-2H-
tagal pyran-2-one
Antimicrobi
Cytospora sp. Cytospomarin al, cytotoxic | [73]
activity
Aegiceras o .
16. | corniculatu | Emericella sp. Emerimidine A and Ant}v.lral [80]
B activity
m
17. Excoecaria Penicillium Expansols A&B, Cyt(?t(.)xic [41]
agallocha expansum Polyphenols activity

4. Conclusion:

The endophytic microorganisms found in coastal regions are abundant in mangroves
with different species. The research that is now accessible makes it abundantly evident
that Mangrove endophytic fungi can create novel bioactive compounds with a variety
of effects. These substances address several human health issues, including medication
resistance in malignancies, fatal viruses, fungal infections, and harmful human bacteria.
They also hold promise for novel therapeutic molecules that can effectively cure
illnesses in humans, plants, and animals. Because of their ability to survive in harsh
environments, Research on the endophytic fungi that have been isolated from mangrove
plants might lead to the development of novel medications.

References:

1. Ancheeva E, El-Neketi M, Daletos G, Ebrahim W, Song W, Lin W, et al. Anti-
infective compounds from marine organisms. In: Grand challenges in marine
biotechnology. Cham: Springer; 2018. p. 97-155.



410

10.

11.

12.

13.

14.

15.

16.

A. Katta et al.

Alvin A, Miller KI, Neilan BA. Exploring the potential of endophytes from
medicinal plants as sources of antimycobacterial compounds. Microbiol Res.
2014;169(7-8):483-95.

Atanasov AG, Zotchev SB, Dirsch VM, International Natural Product Sciences
Taskforce, Supuran CT. Natural products in drug discovery: advances and
opportunities. Nat Rev Drug Discov. 2021;20(3):200-16.

Babu A, Rakesh D, Supraja P, Mishra S, Kumar KU, Kumar RR, et al. Plant-based
triboelectric nanogenerator for biomechanical energy harvesting. Results Surf
Interfaces. 2022;8:100075.

Ballio A, Bossa F, Di Giorgio P, Ferranti P, Paci M, Pucci P, et al. Structure of
the pseudomycins: new lipodepsipeptides produced by Pseudomonas syringae
MSU 16H. FEBS Lett. 1994;355(1):96-100.

Baron NC, Rigobelo EC. Endophytic fungi: a tool for plant growth promotion and
sustainable agriculture. Mycology. 2022;13(1):39-55.

Birudu RB, Cherukuri I, Kishore BB, Sangaih G, Ratnakar PJ. Biodiversity and
conservation of mangroves present in Krishna District, Andhra Pradesh.
ESSENCE Int J Env Rehab Conserv. 2020;11(SP2):344-50.

Brady SF, Clardy J. CR377, a new pentaketide antifungal agent isolated from an
endophytic fungus. J Nat Prod. 2000;63(10):1447-8.

Chareprasert S, Piapukiew J, Thienhirun S, Whalley AJ, Sihanonth P. Endophytic
fungi of teak leaves Tectona grandis L. and rain tree leaves Samanea saman Merr.
World J Microbiol Biotechnol. 2006;22(5):481-6.

Chen Y, Liu Z, Liu H, Pan Y, Li J, Liu L, et al. Dichloroisocoumarins with
potential anti-inflammatory activity from the mangrove endophytic fungus
Ascomycota sp. CYSK-4. Mar Drugs. 2018;16(2):54.

Cribb JW. Lulworthia cylindrica (Linder) Cribb & J.W. Cribb. In: World Register
of Marine Species [Internet]. [place unknown]: WoRMS; 2020. Available from:
http://www.marinespecies.org/aphia.php?p=taxdetails&id=438136

Daenen LG, Houthuijzen JM, Cirkel GA, et al. Treatment-induced host-mediated
mechanisms reducing the efficacy of antitumor therapies. Oncogene.
2014;33(11):1341-7.

Dias DA, Urban S, Roessner U. A historical overview of natural products in drug
discovery. Metabolites. 2012;2(2):303-36.

Deshmukh SK, Gupta MK, Prakash V, Saxena S. Endophytic fungi: a source of
potential antifungal compounds. J Fungi. 2018;4(3):77.

Deshmukh SK, Verekar SA, Bhave SV. Endophytic fungi: a reservoir of
antibacterials. Front Microbiol. 2014;5:715.

Deshmukh SK, Mishra PD, Kulkarni A, Almeida V, et al. Anti-inflammatory and
anticancer activity of ergoflavin isolated from an endophytic fungus. Chem
Biodivers. 2009;6(5):784-9.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bioprospecting Mangrove Endophytic Fungi for Potential ... 411

Firakova S, Sturdikova M, Muckova M. Bioactive secondary metabolites
produced by microorganisms associated with plants. Biologia. 2007;62(3):251-7.

Gangadevi V, Muthumary J. Taxol production by Pestalotiopsis terminaliae, an
endophytic fungus of Terminalia arjuna (arjun tree). Biotechnol Appl Biochem.
2009;52(1):9-15.

Gangadevi V, Muthumary J. Taxol, an anticancer drug produced by an endophytic
fungus Bartalinia robillardoides Tassi, isolated from a medicinal plant, Aegle
marmelos Correa ex Roxb. World J Microbiol Biotechnol. 2008;24(5):717-24.

Brasil AG. A efetividade da gestdo das unidades de conservagdo na protegdo dos
sistemas de manguezais na ilha de Santa Catarina [Doctoral dissertation].
Florianoépolis: Universidade Federal de Santa Catarina; 2017.

Gunatilaka AL. Natural products from plant-associated microorganisms:
distribution, structural diversity, bioactivity, and implications of their occurrence.
J Nat Prod. 2006;69(3):509-26.

Guo B, Dai JR, Ng S, Huang Y, Leong C, Ong W, et al. Cytonic acids A and B:
novel tridepside inhibitors of hCMV protease from the endophytic fungus
Cytonaema sp. J Nat Prod. 2000;63(5):602-4.

Hammerschmidt L, Debbab A, Ngoc TD, Wray V, Hemphil CP, Lin W, et al.
Polyketides from the mangrove-derived endophytic fungus Acremonium strictum.
Tetrahedron Lett. 2014;55(22):3463-8.

He KY, Zhang C, Duan YR, Huang GL, Yang CY, Lu XR, et al. New chlorinated
xanthone and anthraquinone produced by a mangrove-derived fungus Penicillium
citrinum HL-5126. J Antibiot. 2017;70(8):823-7.

Hemberger Y, Xu J, Wray V, Proksch P, Wu J, Bringmann G. Pestalotiopens A
and B: stereochemically challenging flexible sesquiterpene-cyclopaldic acid
hybrids from Pestalotiopsis sp. Chem Eur J. 2013;19(46):15556-64.

Hodkinson TR, Doohan FM, Saunders MJ, Murphy BR. Endophytes for novel
biomolecules and in vitro methods. In: Endophytes for a growing world.
Cambridge: Cambridge University Press; 2019. p. 275-340.

Huang GL, Zhou XM, Bai M, Liu YX, Zhao YL, Luo YP, et al
Dihydroisocoumarins from the mangrove-derived fungus Penicillium citrinum.
Mar Drugs. 2016;14(10):177.

Huang WY, Cai YZ, Hyde KD, Corke H, Sun M. Biodiversity of endophytic fungi
associated with 29 traditional Chinese medicinal plants. Fungal Divers.
2008;33:61-75.

Huang Y, Wang J, Li G, Zheng Z, Su W. Antitumor and antifungal activities in
endophytic fungi isolated from pharmaceutical plants Taxus mairei, Cephalotaxus
fortunei and Torreya grandis. FEMS Immunol Med Microbiol. 2001;31(2):163-7.

Hyde KD, Xu J, Rapior S, Jeewon R, Lumyong S, et al. The amazing potential of
fungi: 50 ways we can exploit fungi industrially. Fungal Divers. 2019;97:1-136.



412

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

A. Katta et al.

Klaiklay S, Rukachaisirikul V, Phongpaichit S, Pakawatchai C, Saithong S,
Buatong J, et al. Anthraquinone derivatives from the mangrove-derived fungus
Phomopsis sp. PSU-MA214. Phytochem Lett. 2012;5(4):738-42.

Kumaran RS, Muthumary J, Hur BK. Production of taxol from Phyllosticta
spinarum, an endophytic fungus of Cupressus sp. Eng Life Sci. 2008;8(4):438-46.

Kusari S, Ziihlke S, Spiteller M. An endophytic fungus from Camptotheca
acuminata that produces camptothecin and analogues. J Nat Prod. 2009;72(1):2-
7.

Li P, Yang G, Qiu Y, Lin L, Dong F. Paeonol produced by Chaetomium sp., an
endophytic fungus isolated from Paeonia suffruticosa. Phytochem Lett.
2015;13:334-42.

Li S, Wei M, Chen G, Lin Y. Two new dihydroisocoumarins from the endophytic
fungus Aspergillus sp. collected from the South China Sea. Chem Nat Compd.
2012;48(3):371-3.

Li E, Tian R, Liu S, Chen X, Guo L, Che Y. Pestalotheols A-D, bioactive
metabolites from the plant endophytic fungus Pestalotiopsis theae. J Nat Prod.
2008;71(4):664-8.

Li N, Yang P, Wang Y, Luo H, Meng K, Wu N, et al. Cloning, expression, and
characterization of protease-resistant xylanase from Streptomyces fradiae var.
k11. J Microbiol Biotechnol. 2008;18(3):410-6.

Li JY, Strobel G, Harper JK, Lobkovsky E, Clardy J. Cryptocin, a potent tetramic
acid antimycotic from the endophytic fungus Cryptosporiopsis cf. quercina. Org
Lett. 2000;2(6):767-70.

LiJY, Strobel G, Sidhu R, Hess WM, Ford EJ. Endophytic taxol-producing fungi
from bald cypress, Taxodium distichum. Microbiology. 1996;142(8):2223-6.

Liao HX, Shao TM, Mei RQ, Huang GL, Zhou XM, Zheng CJ, et al. Bioactive
secondary metabolites from the culture of the mangrove-derived fungus Daldinia
eschscholtzii HI004. Mar Drugs. 2019;17(12):710.

Lu Z, Zhu H, Fu P, Wang Y, Zhang Z, Lin H, et al. Cytotoxic polyphenols from
the marine-derived fungus Penicillium expansum. J Nat Prod. 2010;73(5):911-4.

Luo XW, Chen CM, Li KL, Lin XP, Gao CH, Zhou XF, et al. Sesquiterpenoids
and meroterpenoids from a mangrove-derived fungus Diaporthe sp. SCSIO
41011. Nat Prod Res. 2019;1-7.

May Zin WW, Buttachon S, Dethoup T, Pereira JA, Gales L, Inécio A, et al.
Antibacterial and antibiofilm activities of the metabolites isolated from the culture
of the mangrove-derived endophytic fungus Eurotium chevalieri KUFA 0006.
Phytochemistry. 2017;141:86-97.

Mazlan NW, Tate R, Yusoff YM, Clements C, Edrada-Ebel R. Metabolomics-
guided isolation of anti-trypanosomal compounds from endophytic fungi of the
mangrove plant Avicennia lanata. Curr Med Chem. 2019;27(11):1815-35.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Bioprospecting Mangrove Endophytic Fungi for Potential ... 413

Mei WL, Zheng B, Zhao YX, Zhong HM, Chen XLW, Zeng YB, et al.
Meroterpenes from endophytic fungus Al of mangrove plant Scyphiphora
hydrophyllacea. Mar Drugs. 2012;10(9):1993-2001.

Meng LH, Li XM, Liu Y, Xu GM, Wang BG. Antimicrobial alkaloids produced
by the mangrove endophyte Penicillium brocae MA-231 using the OSMAC
approach. RSC Adv. 2017;7(88):55026-33.

Meng LH, Zhang P, Li XM, Wang BG. Penicibrocazines A-E, five new sulfide
diketopiperazines from the marine-derived endophytic fungus Penicillium brocae.
Mar Drugs. 2015;13(1):276-87.

Mishra Y, Singh A, Batra A, Sharma MM. Understanding the biodiversity and
biological applications of endophytic fungi: a review. J Microb Biochem Technol.
2014;S8:004.

Nazir A, Rahman HA. Secrets of plants: endophytes. Int J Plant Biol.
2018;9(1):7810.

Omeje EO, Ahomafor JE, Onyekaba TU, Monioro PO, Nneka I, Onyeloni S, et
al. Endophytic fungi as alternative and reliable sources for potent anticancer
agents. In: Natural products and cancer drug discovery. London: IntechOpen;
2017. p. 52-60.

Pandi M, Manikandan R, Muthumary J. Anticancer activity of fungal taxol
derived from Botryodiplodia theobromae Pat., an endophytic fungus, against 7,
12 dimethyl benz(a)anthracene (DMBA)-induced mammary gland carcinogenesis
in Sprague Dawley rats. Biomed Pharmacother. 2010;64(1):48-53.

Pongcharoen W, Rukachaisirikul V, Phongpaichit S, Taylor WC. Metabolites
from the endophytic fungus Xylaria sp. PSU-D14. Phytochemistry.
2008;69(9):1900-2.

Puri SC, Nazir A, Chawla R, Arora R, Riyaz-ul-Hasan S, Amna T, et al. The
endophytic fungus Trametes hirsuta as a novel alternative source of
podophyllotoxin and related aryl tetralin lignans. J Biotechnol. 2006;122(4):494-
510.

Qi X, Li X, Zhao J, He N, Li Y, Zhang T, et al. GKK1032C, a new alkaloid
compound from the endophytic fungus Penicillium sp. CPCC 400817 with
activity against methicillin-resistant S. aureus. J Antibiot. 2019;72(4):237-40.

Rafferty JP. Lakes and wetlands South America. [place unknown]: Encyclopaedia
Britannica; 2011.

Ratnaweera PB, de Silva ED, Williams DE, Andersen RJ. Antimicrobial activities
of endophytic fungi obtained from the arid zone invasive plant Opuntia dillenii
and the isolation of equisetin, from endophytic Fusarium sp. BMC Complement
Altern Med. 2015;15:1-7.

Rodriguez RJ, White JF Jr, Arnold AE, Redman RS. Fungal endophytes: diversity
and functional roles. New Phytol. 2009;182(2):314-30.

Rosa LH, Tabanca N, Techen N, Pan Z, Wedge DE, Moraes RM. Antifungal
activity of extracts from endophytic fungi associated with Smallanthus maintained



414

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

A. Katta et al.

in vitro as autotrophic cultures and as pot plants in the greenhouse. Symbiosis.
2012;60(3):133-42.

Roy BG. Potential of small-molecule fungal metabolites in antiviral
chemotherapy. Antiviral Chem Chemother. 2017;25(2):20-52.

Yasmeen S, Muvva V, Munaganti RK. Isolation and characterization of bioactive
Streptomyces from mangrove ecosystem of Machilipatnam, Krishna district,
Andhra Pradesh. Asian J Pharm Clin Res. 2016;9(Suppl 3):258-63.

Shang Z, Li XM, Li CS, Wang BG. Diverse secondary metabolites produced by
marine-derived fungus Nigrospora sp. MA75 on various culture media. Chem
Biodivers. 2012;9(7):1338-48.

Shrestha K, Strobel GA, Prakash S, Gewali M. Evidence for paclitaxel from three
new endophytic fungi of Himalayan yew of Nepal. Planta Med. 2001;67(4):374-
6.

Stierle A, Strobel G, Stierle D. Taxol and taxane production by Taxomyces
andreanae, an endophytic fungus of Pacific yew. Science. 1993;260(5105):214-6.

Strobel G, Daisy B, Castillo U, et al. Natural products from endophytic
microorganisms. J Nat Prod. 2004;67(2):257-68.

Strobel G, Daisy B. Bioprospecting for microbial endophytes and their natural
products. Microbiol Mol Biol Rev. 2003;67(4):491-502.

Strobel GA, Hess WM. Glucosylation of the peptide leucinostatin A, produced by
an endophytic fungus of European yew, may protect the host from leucinostatin
toxicity. Chem Biol. 1997;4(7):529-36.

Supratman U, Hirai N, Sato S, Watanabe K, Malik A, Annas S, et al. New
naphthoquinone derivatives from Fusarium napiforme of a mangrove plant. Nat
Prod Res. 2019;1-7.

Varma VC, Lobkovsky E, Gange AC, Singh SK, Prakash S. Piperine production
by endophytic fungus Periconia sp. isolated from Piper longum L. J Antibiot.
2011;64(6):427-31.

Wall ME, Wani MC, Cook CE, Palmer KH, McPhail AT, Sim GA. Plant
antitumor agents. I. The isolation and structure of camptothecin, a novel alkaloidal
leukemia and tumor inhibitor from Camptotheca acuminata. ] Am Chem Soc.
1966;88(16):3888-90.

Wang L, Han X, Zhu G, Wang Y, Chairoungdua A, Piyachaturawat P, et al.
Polyketides from the endophytic fungus Cladosporium sp. isolated from the
mangrove plant Excoecaria agallocha. Front Chem. 2018;6:344.

Wang H, Lu Z, Qu HJ, Liu P, Miao C, Zhu T, et al. Antimicrobial aflatoxins from
the marine-derived fungus Aspergillus flavus 092008. Arch Pharm Res.
2012;35(8):1387-92.

WangJ, Li G, Lu H, Zheng Z, Huang Y, Su W. Taxol from Tubercularia sp. strain
TF5, an endophytic fungus of Taxus mairei. FEMS Microbiol Lett.
2000;193(2):249-53.



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Bioprospecting Mangrove Endophytic Fungi for Potential ... 415

Wei C, Deng Q, Sun M, Xu J. Cytospyrone and cytospomarin: two new
polyketides isolated from mangrove endophytic fungus, Cytospora sp. Molecules.
2020;25(18):4224.

World Health Organization. The world malaria report 2018. Geneva: World
Health Organization; 2018.

Xia X, Li Q, Li J, Shao C, Zhang J, Zhang Y, et al. Two new derivatives of
griseofulvin from the mangrove endophytic fungus Nigrospora sp. (Strain No.
1403) from Kandelia candel (L.) Druce. Planta Med. 2011;77(15):1735-8.

Xu Z, Wu X, Li G, Feng Z, Xu J. Pestalotiopisorin B, a new isocoumarin
derivative from the mangrove endophytic fungus Pestalotiopsis sp. HHL101. Nat
Prod Res. 2020;34(7):1002-7.

Yan L, Zhu J, Zhao X, Shi J, Jiang C, Shao D. Beneficial effects of endophytic
fungi colonization on plants. Appl Microbiol Biotechnol. 2019;103(8):3327-40.

Yang SQ, Li XM, Xu GM, Li X, An CY, Wang BG. Antibacterial anthraquinone
derivatives isolated from a mangrove-derived endophytic fungus Aspergillus
nidulans by ethanol stress strategy. J Antibiot. 2018;71(8):778-84.

Zhang FZ, Li XM, Li X, Yang SQ, Meng LH, Wang BG. Polyketides from the
mangrove-derived endophytic fungus Cladosporium cladosporioides. Mar Drugs.
2019;17(5):296.

Zhang G, Sun S, Zhu T, Lin Z, Gu J, Li D, et al. Antiviral isoindolone derivatives
from an endophytic fungus Emericella sp. associated with Aegiceras
corniculatum. Phytochemistry. 2011;72(11-12):1436-42.

Zhang W, Draeger S, Schulz B, Krohn K. Ring B aromatic steroids from an
endophytic fungus, Colletotrichum sp. Nat Prod Commun. 2009;4(11):1449-54.

Zhou J, Diao X, Wang T, Chen G, Lin Q, Yang X, et al. Phylogenetic diversity
and antioxidant activities of culturable fungal endophytes associated with the
mangrove species Rhizophora stylosa and R. mucronata in the South China Sea.
PLoS One. 2018;13(6):e0197359.

Zhou XM, Zheng CJ, Chen GY, Song XP, Han CR, Li GN, et al. Bioactive
anthraquinone derivatives from the mangrove-derived fungus Stemphylium sp.
33231. J Nat Prod. 2014;77(9):2021-8.



416 A. Katta et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Bioprospecting Mangrove Endophytic Fungi for PotentialBioactive Compounds



