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Abstract

Fungal kingdom contains many interesting genera that are available around us and can be isolated commonly from
different sources. Humicola and Nigrospora belonging to class Sordariomycetes, are promising fungal genera that
produce many important secondary metabolites. Hence, this review describes their morphology and ecology,
highlights on secondary metabolites produced by them, and their pharmacological activities, as well as the

biotechnological applications.
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Introduction

Natural products have led to the excellent drugs for therapeutic purposes.
Drugs of natural origin have been classified as original natural products,
semi-synthetically from natural products or synthetic products. Natural
products played important role in the drug discovery, particularly in the
areas of cancer and infectious diseases [1]. Fungi are eukaryotic
organisms that have the ability to synthesize an huge number of
metabolites with a massive diversity of chemical structures and
bioactivities. Fungal secondary metabolites are defined as small organic
molecules that derived from biosynthetic pathways which are not required
for maintenance and growth of the organism, and have specific rolls in
environmental adaptation, and also contribute to the biological defence
strategies [2].

The kingdom of fungi is the second largest group after insects and widely
distributed in nature. Based on the observed ratio between flowering plant
diversity and fungal diversity in countries where fungi have been
sufficiently well studied, there are 1.5 million estimated fungal species
[3]. They inhabit soils, the surface of mountain rocks, seawater and others
[4]. Fungi produce a vast range of secondary metabolites [5-16], some of
these metabolites are high-value products with pharmaceutical
applications such as penicillins, a group of structurally related B-lactam
antibiotics isolated from Penicillium chrysogenum. Several non-i3-lactam
antibiotics are also produced by fungi such as griseofulvin. Griseofulvin
which is isolated from Penicillium griseofulvum has been used for several
years to treat dermatophyte infections of the skin, nails and hair of
humans. [17].
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Some valuable secondary metabolites produced commercially from fungi
is Penicillins produced by Penicillium chrysogenum (Antibacterial),
Cephalosporins produced by Acremonium chrysogenum (Antibacterial),
Griseofulvin produced by Penicillium griseofulvum (Antifungal), Fusidin
produced by Fusidium coccineum (Antibacterial), Ciclosporins produced
by Tolypocladium spp. (Immunosuppressants), Zearalenone produced by
Gibberella zeae (Cattle growth promoter), Gibberellins produced by
Gibberella fujikuroi (Plant hormone), Claviceps purpurea produced,
Ergot alkaloids and related compounds have many effects including:
antimigraine, vasoconstriction, vasodilation, antihypertension, anti-
Parkinson, psychiatric disorders [17].

Fungi generally and fungi Imperfecti especially have provided mankind
with numerous important bioactive secondary metabolites such as f3-
lactam antibiotics, griseofulvin, cyclosporine A or lovastatin. Fungal
species belonging to Class; Sordariomycetes are a wealthy source of
enzymes with diverse biotechnological and industrial applications such as
polysaccharide monooxygenase, L-methioninase, (-1,3-glucanase,
laccase, dextranase, lipolytic, pectinolytic, amylolytic, chitinolytic, and
proteolytic enzymes. Different classes of secondary metabolites have
been reported from fungi belong to Class; Sordariomycetes, derived from
various biosynthetic pathways such as alkaloids, polyketides, peptides,
terpenes, and polyketide-amino acid hybrid secondary metabolites. These
metabolites have attracted research interest due to their fascinating
structural frameworks and bioactivities [2]. The current review represents
the relevant information for Class; Sordariomycetes genera, Humicola
and Nigrospora, secondary metabolites and their pharmacological
activities, as well as the biotechnological applications.
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Humicola and Nigrospora description and ecology

The genus Humicola belonging to Phylum: Ascomycota; Order:
Sordariales; Class: Sordariomycetes; Family: Chaetomiaceae. Colonies at
first hyaline, darkening with age to be greyish, greyish brown or blackish
brown; conidiophores indistinguishable or slightly indistinguishable from
vegetative hyphae, unbranched or irregularly branched, colourless to
pigmented, cylindric or slightly inflated; conidia (aleurioconidia) 1-celled
solitary, terminal, globose, ovoid or pyriform, hyaline, pale to dark
brown, smooth; phialoconidia sometimes produced in chains or in slimy
heads, one-celled, smooth, colourless; intercalary chlamydospores
sometimes produced. Most common species is Humicola fuscoatra and
Humicola grisea. Humicola fuscoatra colonies attaining 2 Cm after 7
days on malt extract agar at 25C on the other hand Humicola grisea
colonies fast growing attaining 6.7 cm after 7 days on malt extract agar at
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25C. Humicola is a filamentous dematiaceous fungus widely distributed
in soil, and other sources (Figure, 1).

The genus Nigrospora belonging to Phylum: Ascomycota; Class:
Sordariomycetes Order: Trichosphaeriales; Family: Trichosphaeriaceae.
Nigrospora is a filamentous dematiaceous fungus widely distributed in
soil, seeds and other source; conidiophores ins. Compare to Humicola,
Nigrospora is differentiated from Humicola by its very black conidia that
originate from hyaline, inflated conidiophores. Colonies at first white
later brown to black, when the hyphae darken and shining conidia are
profuse; conidiophores indistinguishable or slightly indistinguishable
from the vegetative hyphae , branched, hyaline; conidia solitary,
unicellular, globose or broadly elliptical, dorsiventrally flattened, shine,
black, smooth. The most common Nigrospora spices is Nigrospora
sphaerica. Colonies filling the whole plate after 2 days on malt extract
agar at 25C (Figure, 2).

A

Figure (1). Humicola spp., hosted by: https://www.gene.affrc.go.jp/databases-micro_images_detail_en.php?id=21588.

Figure (2). Nigrospora spp., hosted by: https://drfungus.org/knowledge-base/nigrospora-species/.

Humicola and Nigrospora secondary metabolites as
source of biologically active compounds

Natural products especially antibiotics have been useful in our battles
against infectious diseases, however, many antibiotics are used
commercially, or are potentially useful, in medicine for activities other
than their antibiotic action. Beside that antibiotics are used as antitumor
agents, immunosuppressive agents, hypocholesterolemic agents, enzyme
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inhibitors, antimigraine agents, and antiparasitic agents. [18, 19]. New
powerful antibiotics have been discovered and commercialized in recent
years and others are in clinical testing [20]. Natural products from
endophytes have gained wide attention from the research community due
to their wide structural diversities with potential biological applications
[21, 22].

Fungal metabolites in general and endophytic fungi especially are
worthily taken into account as a pool of synthetically interesting and
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remarkably important new lead compounds for medical, agricultural, and
chemical industries. Humicola species are known to have
biotechnological and industrial potentials. Humicola genus (Family:
Chaetomiaceae) is a source of unique and structurally diverse metabolites
that have various bioactivities. Moreover, Humicola species attract
substantial attention for their marked ability to produce thermostable
enzymes with biotechnological and industrial importance [2].
Humicola species are known to have biotechnological and industrial
potentials.

Many secondary metabolites were isolated from Humicola species
(Fuscoatrol A; 11-epiterpestacin; B nitropropionic acid which were
isolated from the ethyl acetate extract of Humicola fuscoatra (Traaen)
KMM 4629 mycelia that is associated with the Kuril colonial ascidium.
Fuscoatrol A showed an antimicrobial activity against Staphylococcus
aureus and Bacillus subtilis, and exerted cytotoxic effects on the
developing eggs of sea urchin Strongylocentrotus intermedius, 11-
epiterpestacin exerted an antimicrobial activity against Staphylococcus
aureus and B. subtilis only, while B-nitropropionic acid was active against
S. aureus only [23]. Dimethyl terefthalate is another compound obtained
from the dicloromethane extract of Humicola grisea var thermoidea [20].
This compound exerted antimicrobial activity against Escherichia coli,
Kocuria rhizophila, Pseudomonas aeruginosa and Staphylococcus
aureus. It should be mentioned that besides being obtained from
petroleum, dimethyl tereftalate is used for production by biopolymer
polytrimethylterefthalate (PTT), when polymerized with 1,3-propanediol
[20]. Chemical analysis on the organic extract of Humicola fuscoatra
NRRL 22980 revealed the presence of the triterpenoid glycoside,
fuscoatroside which has antifungal activity against A. flavus. Also, 7-
deoxysterigmatocystin, sterigmatocystin, isosclerone, and
decarestrictines A and | were also detected in this extract [24].

On the other hand, species of the genus Nigrospora are producers of
various secondary metabolites that have broad range of bioactivity
including antibacterial and phytotoxic nigrosporins A and B [25],
solanapyrones [26], derivatives of pyrone [27], taxol [28],
nigrosporanenes,  tyrosol, and cyclohexene derivatives [29],
anthraquinones [30], isochromenes [31], alkaloids [32], and furanone
analogues [33]. Griseofulvin, dechlorogriseofulvin, 8-dihydroramulosin,
and mullein were detected in the liquid cultures of Nigrospora sp.
LLGLMO003 which was isolated from the medicinal plant, Moringa
oleifera [34]. Griseofulvin exerted In vitro antifungal activity against 8
plant pathogenic fungi. Dechlorogriseofulvin and mellein exhibited only
weak antifungal activities, while 8-dihydroramulosin displayed no
antifungal activities [34]. Many metabolites were extracted from
Nigrospora sp. MA75 which was isolated from Pongamia pinnata such
as 2,3-didehydro-19a-hydroxy-14-epicochlioquinone B; two new
griseofulvin derivatives (6-O-desmethyldechlorogriseofulvin; and 6'-
hydroxygriseofulvin);  dechlorogriseofulvin;  griseophenone  C;
tetrahydrobostrycin; 4- deoxytetrahydrobostrycin; 3,6,8-trihydroxy-1-
methylxanthon; and griseofulvin. Griseophenone C and 2,3-didehydro-
19a-hydroxy-14-epicochlioquinone B exhibited antibacterial activities
toward five tested bacterial strains, while tetrahydrobostrycin; 4-
deoxytetrahydrobostrycin;  and  3,6,8-trihydroxy-1-methylxanthon
selectively inhibited MRSA, Escherichia coli, and Staphylococcus
epidermidis. Griseofulvin showed moderate activity against V. mali and
S. solani. Furthermore, 2,3-didehydro-19a-hydroxy-14-
epicochlioquinone B potently inhibited the growth of MCF-7, SW1990,
and SMMC7721 tumour cell lines [35]. Ramesha et al., [22], reported the
genus  Nigrospora produce bioactive secondary —metabolites,
nigrosporolides, phomalactone [36], nigrosporins, lactones, epoxydons
[37], diterpenes, diketopiperazines, lactones, nigrosporolides, and
pyrones and these metabolites showing a broad spectrum of antimicrobial
activity against human and phytopathogenic bacteria and fungi.
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Nigrospora oryzae was isolated as an endophytic fungus from the leaves
of Coccinia grandis, a popular medicinal plant used to control diabetes.
Fermentation of the fungus in potato dextrose broth and chromatographic
purification of the ethyl acetate extracts of the broth and mycelium
yielded two phenazine secondary metabolites, which were identified as
phenazine-1-carboxylic acid and phenazine-1-carboxamide. Phenazine-
1-carboxamide, isolated in high yield, showed strong antifungal activity
against the plant pathogen Cladosporium cladosporioides. These
phenazines have never been isolated from any fungal source. Antifungal
activity  of  phenazine-1-carboxamide  against  Cladosporium
cladosporioides is reported for the first time by Thanabalasingam et al.,
[38]. Species of Nigrospora harbor a great potential in bioactive
secondary metabolite production. Nigrospora sphaerica is a rich source
of secondary metabolites such as bioactive compounds with antileukemic
(tested on HL60 and K562 cell lines), antileishmanial, and antifungal
activities [39]. A new hydroanthraquinone derivative and new
azaphilones produced by Nigrospora sp. YE3033 was reported to be
successful in inhibiting influenza viral strain of A/Puerto Rico/8/34
(HAINZ) [40].

Conclusion

Humicola and Nigrospora is an filamentous fungi belonging to
Ascomycota division. Besides that, Humicola and Nigrospora Sp. are
known for their capability of producing various biologically active
compounds with medical applications as, antibacterial, and tumours. The
aim of this review is to highlight the diversity of compounds produced by
the genera Humicola and Nigrospora and pointing out their medical and
other biological activities. Many researches performed on Humicola and
Nigrospora, which called fungi Imperfecti, resulted in discovery of new
metabolites or pointing to a possible application, which made Humicola
and Nigrospora species potential source of pharmaceuticals and attracted
attention for further investigations of their biological activities.
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