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Metabolismo secundario.

Fungi produce a multitude of low-molecular-mass compounds known as
secondary metabolites, which have roles in a range of cellular processes
such as transcription, development and intercellular communication. In
addition, many of these compounds now have important applications, for
Instance, as antibiotics or immunosuppressants.

Immunosuppressants
Compounds that reduce the activity of the immune system by inhibiting essential processes.

Cholesterol-lowering compound
A compound that leads to a reduction of the cholesterol level in human blood (for example, by

inhibition of the 3-hydroxy-3'-methyl glutaryl coenzyme A reductase activity involved in
cholesterol biosynthesis).

Terpenes
Organic molecules formed of an isoprene (C5H8) unit backbone to give, for example, C10

(monoterpene), C15 (sesquiterpene) and C20 (diterpene) compounds.

Antibiotic compounds
Antibiotics are low-molecular weight organic natural products (secondary metabolites) made by

microorganisms at low concentration.
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Non-ribosomal peptide synthetase

Polyketide synthases A large, multifunctional enzyme that synthesizes
Multidomain enzymes that produce peptides or derivatives thereof via a thiotemplate
polyketides from acyl-CoA precursors. mechanism, in which precursors are activated and

bound as thioesters to the synthetase enzymes.
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Figure 2 | Gene clusters and enzymes for fungal secondary metabolism. Gene clusters with a central non-ribosomal
peptide synthetase (NRPS) gene (left) and polyketide synthase (FKS) gene (right). The domains of the encoded enzymes



Figure 1. An overview of the relative distribution of the 32 putative polyketide synthases
(PKS) open reading frames (ORFs) on the eight chromosomes of 4. nidulans. Green and
red AN numbers represent assigned and unassigned PKS genes. respectively. Dark grey
circles and ends symbolize centromeric and telomeric regions. respectively. and should not
be considered to scale.
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Table 1 | Summary of secondary-metabolite gene classes in Aspergillus

Protein Aspergillus oryzae Aspergillus fumigatus Aspergillus nidulans
PKS 30 14 27

NRPS 18 14 14

FAS 5 1 6

Sesquiterpene cyclase 1 Not detected 1

DMATS 2 7 2

PKS, polyketide synthase; NRPS, non-ribosomal peptide synthetase; FAS, fatty-acid synthase; DMATS, dimethylallyl tryptophan
synthetase.
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Why clusters?

Two main selective advantages can be invoked to account
for the clustering of functionally related genes: the need
to coregulate a set of genes controlling successive steps in
a biosynthetic or developmental pathway; and the need
for such a gene set to be coinherited, either by HGT
from another organism or vertically, from generation to
generation.

Osbourn, 2010
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Table 1. A selection of fungal secondary metabolites. Five representative examples are indicated for each SM family.

Representative

Chemical Family Metabolite Function/Activity Producing Genera Reference

Fumuonisin B1 Mycotoxin Fusarium [11]
Lovastatin HMG-CoA reductase inhibitor Aspergillus [12]
PGI?:EZ? &S Aflatoxin Mycotoxin Aspergillus [13]
Bikaverin Antibiotic (protozoa) Fusarium [14]
Zearalenone Mycotaxin (estrogenic) Fusarium [10]
Enniatin B Mycotoxin (cytotoxic) Fusarium [15]
Cyclosporine A Immunosuppressant Tolypociadium [16]
Non ribof;}:{n;gl }peptides Ergotamine Ergot alkaloid Claviceps [17]
Penicillin G Antibiotic (bacteria) Penicillivm [18]
Apicidin Histone deacetylase inhibitor Fusarium [19]

Equisetin Antibiotic (bacteria) Fusarium [20,21]
Fusarin C Mycotoxin Fusarium [22]
Hybrid NRFIPKs Cytochalasin Actin inhibitor Penicillium, Chaetormium [23]
Cyclopiazonic acid Mycotoxin Aspergillus, Penicillivm [24]

Ochratoxin A Mycotoxin Aspergiilus, Penicillium [25,26]

Gibberellic acid (GA3) Flant hormone Fusarium [27,28]
Deoxynivalenol Mycotoxin Fusarium [29]

Terpenoids Meurosporaxanthin Carotenoid pigment Neurospora, Fusarium [30,31]
Austinol Unknown Aspergilius [32]
Helvolic acid Antibiotic (bacteria) Aspergillus [33]

Encyclopedia 2022, 2(1), 1-13; https://doi.org/10.3390/encyclopedia2010001
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The taxonomy, biology and chemistry of the fungal Pestalotiopsis genus
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Secondary metabolites of the Pestalotiopsis genus

4.1 Terpenoids 4.1.1 Sesquiterpenes ( 22 compostos)
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Metabolite(s) Fungus Application(s)
Thysanone Thysanophora penicilloides Human rhinovirus 3C-protease inhibitor
Variculanol Emericella variecolor Toxicity to Eimeria tenella
Ophioblin K and 6-epiophiobolin K Aspergillus ustus Toxicity to Cacnorbabditis elegans
L-696,474 (18-dehydroxy Hypoxylon fragiforme HIV-1 protease inhibitor
cytochalasin H)
3-(Dimethylaminomethyl )-1- Penicillium daleae 5-HT,, receptor agonists
(1,1-dimethyl-2-propenyl jindole
Calbistnin A Aspergillus versicolor Broad spectrum antfungal, increased human LDL receptors

Maxikdiol

Apicidins

Ascosteroside

Sporandol
Equisetin
Phomasetin
Cytosporic acid
Nodulisporic acids

Hyalodendrosides A and B

Unidentfied coelomycete
ME5717

Fusarinm spp.

Myeoleptodiscus

atromaculans
Chrysosporiuem mevdarium
Fusarium heterosporum
Phoma sp.
Cytospora sp.

Nodulisporium sp.

Hyalodendron sp.

Agonist of maxi-K (large-conductance calcium-activated
potassium ) channels

Broad spectrum antiparasitic agents, histone deacetylase
inhibitors

Antifungal, B-1,3-glucan synthase inhibitor

Insecticide and antiparasitic agent
HIV-1 integrase inhibitor
HIV-1 integrase inhibitor
HIV-1 integrase inhibitor

Insecticide, invertebrate-specific glutamate-gated chloride 1on
channels

Antfungal, B-1,3-glucan synthase inhibitor




Metabolite(s) Fungus Application(s)

Nalanthalide Chaunopyenis pustulata Blockage of voltage-gated potassium (Kv1.3) channels and L-type
Ca* channels

Candelalides Sesquicillium candelabrum  Blockage of voltage-gated potassium (Kv1.3) channels

Dihydrotubingensin A, B
Sordarins

Integramides A and B
Xylarenal A and B
Xanthonol

Coccidiostatin A

Mellamide

Aspergillus tubingensis
Rosellinin subiculata
Dendrodochinem sp.
Xvlaria liguidambar

Non-sporulating fungus
MFadal)

Penicillium rugulosum

Aspergillus melleus

No activity

Antifungal, elongation factor 2 inhibitor

HIV-1 integrase inhibitors

Selective binding to neuropeptide Y receptor Y5

Insecticidal activities against larvae of Luctlia sericata, Aedes
agqypti, and anthelmintic against Haemonchus contortus

Antiparasitic activity against Besnoitia jellisoni, Etmeria tenella,
and E. mitis

Insecticidal activity in bioassays against larvae of Lucilin sericata
and Aedes acqypti
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Fig.1 Chemical structures of clinically
used fungal secondary metabolites. Abbre-
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methylvaline.



Fig.2 Selected natural compounds from
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Fig.3 Highlighted fungal secondary meta-
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Fungal Pigments and Their Prospects in Different Industries

by Ajay C. Lagashetti 1 &2, Laurent Dufossé <" &2 Sanjay K. Singh 1" & and Paras N. Singh 1 &

Abstract

The public's demand for natural, eco-friendly, and safe pigments is significantly increasing in the current era. Matural
pigments, especially fungal pigments, are receiving more attention and seem to be in high demand worldwide. The
immense advantages of fungal pigments over other natural or synthetic pigments have opened new avenues in the
market for a wide range of applications in different industries. In addition to coloring properties, other beneficial
attnibutes of fungal pigments, such as antimicrobial, anticancer, antioxadant, and cytotoxic actmty, have expanded their
use in different sectors. This review deals with the study of fungal pigments and their applications and sheds light on
future prospects and challenges in the field of fungal pigments. Furthermore, the possible application of fungal
pigments in the textile industry is also addressed.

Keywords: color; natural pigments; fungal pigments; dyeing; textile fabrics

\oi-

) [Food & Beverages

¥
FUNGAL PIGMENTS
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Filamentous fungi are large-scale producers
of pigments and colorants for the food
industry

Laurent Dufossé ! &=, Mireille Fouillaud ?, Yanis Caro !, Sameer AS Mapari 2 %,

Nuthathai Sutthiwong * 3
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Pigmented Pigments and Food formulation
filamentous colorants produced and processing
fungi and extracted

Highlights

= Fungi can efficiently produce pigments and colorants for the food industry.

= Growing world awareness on the necessity of replacing the synthetic
coloring agents.

= Pigments of chemical origin substituted by natural healthier alternatives.

= Mycotoxin risk could be managed.
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Sardaryan et al.
1971
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Sharma et al. [77]
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Karuppan [95]
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al. [94]
Trichoderma sp. Anthraquinones Yellow Cotton, Silk, Silk Devi [98]
cotton
Trichoderma sp. Anthraquinones Yellow Silk, Wool Gupta et al. [93]
Penicillium oxalicum (NRC Anthraquinones Wool Mabrouk et al.
M25) [24]
Sclerotinia sp. Anthraquinones Cotton Perumal et al. [84]
Aspergillus sp. ANO1 Asperyellone Silk, Cotton, Iswarya et al. [99]
Synthetic and Wool
fabrics
Monascus purpureus Azaphilones Cotton Velmurugan et al.
Penicillium purpurogenum [96]
Isaria farinosa
Fusarium verticillioides
Emericella nidulans
Penicillium murcianum Carotenoids Yellow Wool Hernandez et al.
Talaromyces australis [100]
Talaromyces australis 2, 4-Di-tert- Cotton fabric Shibila and
butylphenol Nanthini [101]

Phoma herbarum

Magenta pigment

Monascus purpureus

Monascorubramine

Talaromyces verruculosus Polyketide
Monascus purpureus Rubropunctamine
Chlorociboria aeruginosa Quinones

Scytalidium cuboideum

Nylon Chiba et al. [102]
Wool De santis et al.
[103]

Cotton fabric

Chadni et al. [89]

Wool

De santis et al.
[103]

Bleached cotton,

Spun polyamide,

Weber et al. [48];
Hinsch et al. [91]
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Traversing the fungal terpenome
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In conclusion, our relationship with fungi i1s arguably described
best as light and shade, as tfriend and foe. Given their biochemical
ingenuity and overwhelming metabolic wealth, however, fungi
will not let the drug lead pipeline run dry. Moreover, the major
portion of the tungal organismic diversity still remains to be dis-
covered. Consequently, a huge untapped reservoir of new natural
products and intriguing enzymes as tools for chemoenzymatic
syntheses appeals to pharmaceutical biologists and chemists as
an open road ahead. With respect to the pharmaceutical scien-
ces, the bright and triendly side of fungal biology prevails.
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Recent developments in mushrooms as anti-cancer therapeutics:
a review
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Anti-cancer mechanism of mushroom bioactive compounds
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Main Classes Precursors Enzymes Examples
Polyketides malonyl-CoA, acetyl-CoA, polyketide synthases (PKS) | aflatoxins, sterigmatocystin,

propionyl-CoA, methylmalonyl- lovastatin, orsellinic acid, F-9775A,

CoA F-9775B, xanthones,

amphotericin B

Nonribosomal proteinogenic and non- non-ribosomal peptide penicillin, ciclosporin, gliotoxin
peptides proteinogenic amino acids synthetases (NRPS)
Terpenes isoprene units terpene synthases (terpene | aristolochenes, carotenoids,

cyclases)

gibberellins, trichothecenes, taxol

Indole alkaloids

tryptophan, indole-3-glycerol-
phosphate. tryptamine

dimethylallyl tryptophan
synthases (DMATS)

paxilline, communesin F, lysergic
acid, psilocybin

Subclasses
Peptide- malonyl-CoA, acetyl-CoA, PKS-NRPS hybrids emericellamides, aspyridone,
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and Development. In: Benz, J.P., Schipper, K.
(eds) Genetics and Biotechnology. The Mycota,
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Roles of Aspergillus fumigatus Secondary Metabolites

Host

Iron Homeostasis'?!

Iron Acquisition®!

Copper Homeostasis'**

Protection Against ROSH! Dihyd

AR

A\
-y \\,X

Environment

Iron Homeostasis'®!

Ferricrocin

Cc'
@
®

Iron Acquisition®!

Copper Homeostasis**

and Phagosomal Acidification'®

ol

Immune Response Inhibitor*I¥)

“n
/
N ™
H
o

OH

Fumagillin

Inhibitor of Phagocyte Activity!'”
Epithelial Cell Damage!™”!

Cilioinhibitory®!!

N
(]

Acyltransferase Inhibitor"*”

Gliotoxin

3

Against UV Stress®”!

Protection Against Amoebal'!!

6/
<0

Antiprotozoal "¢

G é-

Antiprotozoal®/Antibacterial®®

o®

Insecticidal™!

Host

Antiphagocyticl?®!

Inhibits Neutrophil Chemotaxis'**

*.o®

Fumitremorgin

Breast Cancer Resistance Protein
Inhibitor*¢!

(?

.
Unknown

()

.
Unknown

.
Unknown

l

Immune Response Inhibitor!*"

?

Unknown

Environment

Antiprotozoal®*

o3 Er
%0

Insecticide/Antibacterial
Antifeedant’*!

& Endocrocin
Protection Against UV Stress!*)

ke

Antifungal/Antifeedant®

) Yok

Antibacterial®®

| &

Anitfungal®//Antibacterial®

N
Fumiquinazoline w
g
AN 0
’
O
’

f"\wéﬁﬁﬁ

Inhibitor of Bacterial Replication!*s!

. Lol SN
Fumisoquin "

.
Unknown

Nidulanin A

v O
é%MIﬁO

—( %

?

Unknown

(2019) A call to arms:
Mustering secondary
metabolites for success and
survival of an opportunistic
pathogen. PLoS Pathog
15(4): e1007606.
https://doi.org/10.1371/journal
.ppat.1007606



Ascomycota

Basidiomycota

( Glomeromycota ] \

Mucoromycota |

Zoopagomycota |

Fungi

Microsporidia

\ Cryptomycota

| Arbuscular Mycorrhizae Fungi H Zoopagomycota ]

Hemicellulolyeic enzymes: GH10, GH11, GH3, GH31, GH3§,

GH3I9, GHA43, GH45, GH47, GH53, GHII5, CEl, CE2, CE3, CE4,
—+ CE6, CEl6

Pecrinolytic enzymes: PLI, PL3,PI4, PLY9, PLI, GH28, GH7S,

GHY95, GH105, GH115, CES, CE12, CEl6

Ligninolytie enzymes: AAL AA2Z, AA3, AA4, AAS, AAG, AAT, AAS,

( Cellulolytic carymes: GHI, GH2, GH3, GHS, GH6, GHS,GHS, \
GH38, GH45, GH48, GH74

AA9, AALD, AALL AAIZ, AALS, AAL4, AALS

[ Cellular Signaling Processing (CSP), Information Slorage‘

-

and Processing (ISP), Metabolism (M), Poorly

 Characterized )

>

Fungal defense mechanisms (V), Carbohydrate transport and
metabolism (G), Secondary metabolite biosynthesis, transport and
catabolism (QQ) and Energy production and conversion (C)
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Nonribosomal peptide synthases (NRPS), Polyketide synthases (PKS),
hybrid NRPS-PKS enzymes, Prenyl-transferases (DMATSs), and
Terpene cyclases (TCs) respectively

KEGG Merabolic and Regulatory pathways
BpNp-Biosynthesis of polyketides and non-nbosomal peptides,
BSM-biosynthesis  of  sccondary  metabolites, CM-carbohydrate
metabolism, EM-energy  metabolism  and  XBM.xenobiotic

\biodcgndation metabolism pathways

(2019). https://doi.org/10.1186/s40643-019-0264-6
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