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Fungi have a unique metabolic plasticity allowing them to pro- Received 5 May 2023
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been devoted globally to search for fungal-derived natural bio- Andean region;
active products. Andean region forests represent one of the bioactivity;

few undisturbed ecosystems in the world with little human chemodiversity; fungi;
intervention. While these forests display a rich biological diver-  secondary metabolites
sity, mycological and chemical studies in these environments

have been scarce. This review aims to summarise all the efforts

regarding the chemical or bioactivity analyses of Agaricomycetes

(Basidiomycota) from southern South America environments.

Overall, herein we report a total of 147 fungal species, 21 of

them showing chemical characterisation and/or biological activ-

ity. In terms of chemical cores, furans, chlorinated phenol deriv-

atives, polyenes, lactones, terpenes and himanimides have been

reported. These natural products displayed a range of biological

activities including antioxidant, antimicrobial, antifungal, neuro-

protective and osteoclast-forming suppressing effects.
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1. Introduction

Fungi represent one of the largest groups of organisms (Dighton 2018). Recent
estimations indicate there are 2.2-13.2 million species of fungi on our planet
(Hawksworth and Licking 2017; Kew RBG Wu et al. 2019; Antonelli et al. Baldrian
et al. 2022). To date, 120,000-148,000 species have been documented, mainly from
Ascomycota (Wijayawardene et al. 2017) and Basidiomycota (He et al. 2022), which
correspond to 3%-9% of the total pool of fungal species (Hawksworth and Liicking
2017; Antonelli et al). They are widely distributed across different ecosystems on
our planet. In addition, these organisms are entirely heterotrophic as they are unable
to perform photosynthesis (Webster and Weber 2007). Consequently, they have
developed a unique metabolic plasticity allowing them to rapidly adapt and survive
through the biosynthesis of an array of natural products (Sandargo et al. 2019).
Fungal-derived natural products are pharmaceutically prolific and have been devel-
oped into several important biological applications ranging from highly potent
toxins to approved drugs. Fungi are vast and yet untapped sources for pharmaceu-
tically relevant molecules displaying a range of bioactivity including anticancer,
antioxidant, hepatoprotective, antibacterial, antidiabetic and anti-inflammatory capa-
bilities (Hyde et al. 2019).

Basidiomycota comprises approximately 40,000 spp. (He et al. 2022) and presents
ecologically diverse species (P6lme et al. 2020). They can be saprophytes (Baldrian
2006; Baldrian and Valaskova 2008; Fukasawa 2021), parasites (Zhao et al. 2019),
mutualistic symbionts with insects (Li et al. 2021b), green algae and cyanobacteria
(Oberwinkler 2012), even these organisms can also form mycorrhizae with plants
and trees (Tedersoo et al. 2010, 2020; Tedersoo and Smith 2013; Rimington et al.
2020). Chile, which covers a great part of Andean region environments, hosts a
large fungal diversity, accounting for approximately 4000 spp. (Instituto de Asuntos
Publicos 2016). Almost half of them corresponds to Basidiomycota and even more
are yet to be described (Boonmee et al. 2021; Caiafa et al. 2021; Garnica et al.
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2021; Nouhra et al. 2021; Rajchenberg et al. 2021). On the other hand, in
Argentina, between 1300 and 3600 species of fungi have been recorded accord-
ing to Biodiversity Information System of the National Parks Administration
(SIB 2022).

Andean region (also known as Andean-Patagonian dominion) represents one of
the few undisturbed ecosystems in the world with little human intervention.
According to Morrone (2018), the Andean region, for southern South America com-
prises the central Chilean, Subantarctic and Patagonian subregion, covering a vast
extension of 6.5 million hectares of land in South America. This region is located
between 37°S and 55°S, which include territories from southern Chile and Argentina
(Morrone 2018). An important part of Andean region is the biodiversity hotspot of
Central Chile (Myers 2000), later called Chilean Winter Rainfall-Valdivian Forests
biodiversity hotspot (Mittermeier et al. 2004). Ecologically, these ecosystems have
no equivalent in the northern hemisphere and are highly conserved territories dis-
playing unique microclimates, creating favourable conditions for endemism (Luebert
and Pliscoff 2019, 2022). Due to the close association between fungi, environment
and flora, the Andean region forests can host a wide range of fungal biodiversity
(Mueller et al. 2007).

The southern Chilean and Argentinean Basidiomycota has attracted much atten-
tion because of its peculiar biogeographical connections with the southern land-
masses and because of its high levels of endemism of different fungal groups
(Toledo et al. 2016). A great portion of the Agaricomycetes species inhabiting
Andean region ecosystems belongs to the orders Agaricales, Hymenochaetales,
Polyporales and Russulales within the phylum Basidiomycota (Figure 1). Several
of these species have been shown to produce biologically privileged natural
products.

2. Methodology

This review presents data on the chemical diversity of native and introduced
Agaricomycetes collected and/or isolated from the Andean region. The information
was collected from scientific databases and cover from 1966 up to 2022. The following
electronic databases were used: SciFinder, Science Direct, Scopus, Web of Science and
Google Scholar. The search terms used for this review included keywords, such as
‘metabolites; ‘Fungi, ‘Andean; ‘chemical, ‘Chile’ and ‘Argentina’ Supplementary Tables
S1 and S2 report the chemodiversity of Agaricomycetes collected in the Andean
region of Argentina and Chile.

3. Basidiomycota bioprospection from Chile and Argentina

The first mycological campaigns to explore fungal diversity in Southern South America
took place in the XVIII century and was led by European naturalists (cf. Garrido et al.
1985; Gamundi and Amos 2007). After this, Claude Gay and Camille Montagne exten-
sively compiled the knowledge about Chilean macrofungi and lichens to the date,
including Ascomycota and Basidiomycota (Montagne 1850, 1852). However, it was
Carlo Luigi Spegazzini who led a systematic investigation regarding fungi from Andean
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Figure 1. Fungal diversity of Andean region.

region in Argentina (Spegazzini 1880) and Chile (Spegazzini 1910, 1921). Also, in the
second half of the twentieth century, the work of Rolf Singer, Meinhard Moser, Egon
Horak and Norberto Garrido increased the knowledge about Agaricomycetes from
Southern South America (Singer et al. 1965; Singer 1969; Moser and Horak 1975;
Horak 1979; Garrido 1988).
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Palacios (1966) pioneered on incorporating the biological activity of Agaricomycetes
collected in Chile. Then, several efforts to investigate the Agaricomycetes species of Southern
South America revealed a range of biological activities including antimicrobial (Garrido
et al. 1982; Aqueveque et al. 2002, 2015), antifungal (Schalchli et al. 2011, 2015; Aqueveque
et al. 2016; Otto et al. 2016), antioxidant (De Bruijn et al. 2008; Torres et al. 2016, 2019;
Albornoz et al. 2022), neuroprotection (Gonzalez-Ramirez et al. 2018; Cabrera-Pardo et al.
2019) and structural determination of natural products (Clericuzio et al. 2004; Aqueveque
et al. 2006; Wu et al. 2011; Alarcén et al. 2013; Choi et al. 2013; Reinoso et al. 2013;
Riguelme et al. 2020). In Argentina, main studies focused on the nutritional, chemical and
antioxidant aspects of fungal extracts (Di Anibal et al. 2015; Postemsky and Curvetto 2015;
Toledo et al. 2016; Molares et al. 2020; Gallo et al. 2022; Rugolo et al. 2022).

The discovery of new fungal taxa with biological applications and medicinally
relevant natural products have been a prolific niche for drug development endeavors
(Abraham 2001; Dai et al. 2010; Spiteller 2015; Stadler and Hoffmeister 2015). Due
to the unique biodiversity and climate conditions, the central Chilean, Subantarctic
and Patagonian subregion, located in the Andean region are privileged ecosystems
where a vast new fungal species and sophisticated chemical structures with broad
applications are yet to be discovered (Aqueveque et al. 2017; Rosenberger et al.
2018). Overall, we report a total of 147 fungal species of Agaricomycetes. However,
only 21 of them are reported with chemical and/or bioactivity studies. An extended
list of fungi identified in southern South America is shown is Supplementary table 1.

4. Agaricales Underw

Globally, this order has 13,233 spp. and 33 families (Kirk et al. 2008). Amanita muscaria
(L.) Lam. (Deja et al. 2014) and Agaricus bisporus (J.E.Lange) Imbach (Muszynska et al.
2017) are well known species worldwide, with representatives of each genus native
to southern South America and naturalised introduced species. The genus Cortinarius
(Pers.) Gray is an ectomycorrhizal fungus, commonly found in Nothofagus forests in
southern South America (Moser and Horak 1975; Horak 1979; Garrido 1988; Arnold
et al. 2012). A substantial number of the species in this group are edible or have
biotechnological properties (Li et al. 2021a).

In southern South America, the Agaricales order constitute more than 50% of the
taxa that has been chemically and biologically investigated. This is probably due to
their conspicuousness and are distributed in 19 families. Belonging to the Agaricaceae
Chevall. family, Agaricus arvensis Schaeff and Macrolepiota bonaerensis (Speg.) Singer
have shown antibacterial activity and Agaricus augustus Fr. has been used for the
biotransformation of pesticides (Donoso et al. 2008). Cortinarius xiphidipus M.M. Moser
& E. Horak (Cortinariaceae) has been subjected to chemical studies to determine
steroid composition. Additionally, biological studies have been performed to assess
the cytotoxic ability of this fungal strain (Torres et al. 2017). For Hymenogastraceae
Vittad., Gymnopilus junonius (Fr.) P.D., Gymnopilus purpuratus (Cooke & Massee) Singer
and Hebeloma crustuliniforme (Bull.) Quél. have been evaluated in several assays
including antibacterial, antifungal, cytostatic, antiviral and biotransformation of pes-
ticides (Garrido 1982; Aqueveque et al. 2006; Donoso et al. 2008; Schalchli et al. 2011;
Reinoso et al. 2013; Schalchli et al. 2015).
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5. Boletales E.-J. Gilbert

This order has 1316 spp. and 17 families, worldwide (Kirk et al. 2008). The genus
Boletus L. is known to have many edible species, including Boletus loyo Phillippi (syn.
Butyriboletus loyo (Phillippi) Miksik) present in Chile and Argentina (Singer and Digilio
1957; Riquelme et al. 2019; Li et al. 2021a; Rivas-Ferreiro et al. 2023). In vitro assays
on Boletus aereus Bull., B. badius Pers., B. edulis Bull., B. pinophilus Pilat & Dermek have
shown the presence of metabolites with antioxidant activity (Robaszkiewicz et al.
2010; Sun et al. 2014). Suillus Gray is a biomedically relevant genus due to the bio-
synthesis of the terpene suillin, which has been reported to display several biological
activities including cytotoxic, antitumoral and neuroprotective (in vivo and in vitro).
Some common species from this genus are S. bellinii (Inzenga) Kuntze, S. granulatus
(L.) Roussel and S. luteus (L.) Roussel (Fernandez et al. 2012; Jia et al. 2014; Venditti
et al. 2017; Yan et al. 2021; Andrade et al. 2022).

In southern South America, seven families of Boletales have been identified and
their antimicrobial activity evaluated: Boletaceae Chevall.,, Boletinellaceae P.M. Kirk,
PF. Cannon & J.C. David, Rhizopogonaceae Gaum. & C.W. Dodge, Sclerodermataceae
Corda, Suillaceae Besl & Bresinsky and Tapinellaceae C. Hahn (Garrido et al. 1982).
Furthermore, Serpula himantioides (Fr.) P. Karst., from Serpulaceae Jarosch & Bresinsky,
has been reported to synthesise pigments displaying UV-photoprotective abilities
(Torres et al. 2019). Species from Suillaceae are not only a food resource exploited
in rural areas (Fernandez et al. 2012; Jacinto-Azevedo et al. 2021), but also have been
linked to the spread of invasive conifer species (Policelli et al. 2019; Pildain et al. 2021).

6. Polyporales Gaum

Worldwide, Polyporales have 13 families and 1801 spp. (Kirk et al. 2008). Common
species of this order are Trametes versicolor (L.) Lloyd (TiSma et al. 2021) and Ganoderma
australe (Fr.) Pat. (Richter et al. 2015).

In southern South America, three families have been prospected. Grifola gargal
Singer (Grifolaceae Jilich) is an endemic species of the Nothofagus forest of southern
Chile and Argentina (Rajchenberg 2002) and has exhibited antioxidant properties as
well as the ability to suppress osteoclasts formation (De Bruijn et al. 2008, 2009; Wu
et al. 2011; Choi et al. 2013; Harada et al. 2015). In addition, T. versicolor (Polyporaceae)
has shown remarkable abilities to biodegrade pesticides and it has also been reported
to display antifungal activity (Donoso et al. 2008; Schalchli et al. 2015). Also, Ganoderma
australe mycelial cultures isolated from Argentina have shown in vitro immunomod-
ulatory and antioxidant activities (Gallo et al. 2022).

7. Hymenochaetales Oberw

Globally, Hymenochaetales are represented by two families, 48 genera and 610 spp.
(Kirk et al. 2008). Some species from Hymenochaetaceae Donk are tree pathogens,
white rot fungi, that seriously affect the forestry industry. For example, Phellinus
igniarius (L.) Quél. and the genus Arambarria Rajchenb. & Pildain have been reported
as pathogens of grapevine (Cloete et al. 2016; Pildain et al. 2017; Del Frari et al. 2021).



NATURAL PRODUCT RESEARCH e 7

There are also specimens with medicinal properties such as Fomitiporia punctata (P.
Karst.) Murrill, which has shown antioxidant activities in vitro (Liu et al. 2017).
Furthermore, Inonotus obliquus (Fr.) Pilat produces inotodiol, a compound that has a
remarkable cytotoxic activity in vitro (Zhao and Zheng 2021).

In southern South America, the family Hymenochaetaceae is the only representative
addressed. Phylloporia boldo Rajchenb. & Pildain has recently been described as a
new endemic species associated with Peumus boldus (Rajchenberg et al. 2019). Incipient
efforts exploring the chemistry of this newly discovered species have revealed a range
of chlorinated compounds (Riquelme et al. 2020).

8. Russulales kreisel ex P.M. Kirk, P.F. Cannon, & J.C. David

This order contains 12 families with 1767 spp. worldwide (Kirk et al. 2008). Due to
its relevant bioactivities known, Hericium erinaceus (Bull.) Pers. is one of the most
studied fungi around the world (Thongbai et al. 2015).

In southern South America, two families have been addressed. The first studies
conducted on this order were on species from Russulaceae Lotsy. Specifically, Lactarius
deliciosus (L.) Gray and Russula sardonia Fr. where their antibiotic activity was evaluated
(Garrido et al. 1982). Furthermore, ceramides and terpenes have been isolated from
fruiting bodies of Russula austrodelica Singer (Alarcon et al. 2013). From Stereaceae
Pilat family, it is important to highlight Stereum hirsutum (Willd.) Pers., which has
shown antioxidant (Torres et al. 2016), antifungal (Aqueveque et al. 2016) and anti-
bacterial activities (Aqueveque et al. 2015). Finally, Aleurodiscus vitellinus (Lév.) Pat.
(syn. Gloeosoma vitellium (Lév.) Bres.) has been reported to display remarkable neu-
roprotective activity in Alzheimer’s cell-based models (Gonzélez-Ramirez et al. 2018).

9. Bioactive natural products from Agaricomycetes
of the Andean region

In this section, we will focus on providing an overview of fungal natural products,
characterised by NMR and X-ray crystallography, and their reported biological activity.
Natural products identified by mass spectrometry are described in the Supplementary
Material. Figure 2 shows natural products isolated from Agaricomycetes in the Andean
region. Several furan containing natural products have been reported over the years
(Figure 2(a)). Gonzalez-Ramirez et al. (2018) isolated a natural benzofuran, fomannoxin
(1), from the Andean region fungus Aleurodiscus vitellinus. Fomannoxin showed remark-
able neuroprotective abilities while undetectable cytotoxic effects on PC12 cells. This
fungal benzofuran displayed a concentration-dependent protection on the AB-induced
toxicity on PC-12. Fomannoxin also showed beneficial effects on the frequency of
cytosolic Ca?* transients in rat hippocampal neurons. During the chemical studies of
Hypholoma sublateritium, Aqueveque et al. (2006) reported the presence of marasmal
(2), a naphthofuran. Biological studies on marasmal revealed reasonable antimicrobial
activity against Bacillus and Staphylococcus strains. NMR studies on Serpula himantioides
revealed the presence of xerocomic acid (3), a red-orange pigment present in Boletales.
Biological evaluation of xerocomic acid revealed high antioxidant capacity as well as
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Figure 2. A selection of natural products from Agaricomycetes isolated from Andean region
forests.

remarkable levels of photoprotection against UV-C radiation on HEK293 cell assays
(Torres et al. 2019). A range of furan containing terpenoids (4-6) were characterised
by Alarcén et al. (2013) at the University of Bio-Bio in Chillan, Chile. Chlorinated
compounds (Figure 2(b)) have also been isolated from Andean region fungi. Riquelme
et al. (2020) investigated the chemistry of Phylloporia boldo, a recently discovered
fungi, and found several chlorinated hydroquinone metabolites including drosophilin
A (7), chloroneb (8) and drosophilin A methyl ether (9). Other chlorinated metabolites
such 3-chloro-p-anisaldehyde (10) and 3,5-dichloro-4-metoxi-benzyl alcohol (11) have
been isolated from Hypholoma capnoides and Hypholoma fasciculare, respectively
(Aqueveque et al. 2006). Polyynes and lactones scaffolds have also been identified in
Basidiomycota from the Andean region (Figure 2(c)). The propargyl alcohols 12 and
13 were isolated from Gymnopilus junonius and showed interesting antimicrobial and
antifungal activities (Aqueveque et al. 2006). Vibralactone (14) and vibralactone B (15)
were isolated from Stereum hirsutum and also displayed antimicrobial activities
(Aqueveque et al. 2015). A range of terpenes has also been reported (Figure 2(d)).
Gargalols A-C (16-18) were characterised from Grifola gargal, an edible mushroom
from the south of Chile and Argentina (Wu et al. 2011). These sterols showed bene-
ficial effects against osteoporosis. Fasciculol E (19), a lanostane triterpenoid conjugated
to a depsipeptide unit, was isolated from fruiting bodies of Pholiota spumosa (Clericuzio
et al. 2004). Naematolon (20), isolated from Hypholoma fasciculare, showed modest
antimicrobial activities (Aqueveque et al. 2006). Several himanimides (Figure 2(e),
21-24) were reported from cultures of Serpula himantioides (Aqueveque et al. 2006).
Antimicrobial evaluation of these molecules showed promising results. Polyphenolic
compounds (25) were also observed in Stereum hirsutum (Aqueveque et al. 2015).
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Grifola gargal also produces novel sphingosines (26) with remarkable osteoclast-forming
suppressing activity (Choi et al. 2013). Finally, (E)-2,3-dehydroputrescine-
1,4-dicinnamamide (27) was isolated from fruiting bodies of Pholiota spumosa and
characterised by X-ray crystallography (Clericuzio et al. 2004). An extended list of
bioactive molecules, identified by mass spectrometry and isolated from Andean region
fungi is displayed in Supplementary Tables 2 and 3.

10. Conclusion

This review gathers information regarding Agaricomycetes investigated from the Andean
region, which comprises large territories from Chile and Argentina (Morrone 2018).
Basidiomycota are still a prolific source of bioactive fungal natural products (Reck and
Spiteller 2015). southern South America represents a distinct biogeographic zone with
endemic flora that creates the perfect conditions for the development of unique fungi
species with relevant biomedical activities. To the best of our knowledge, this review
covers all the chemical studies about Basidiomycota fungi investigated from southern
South America. Herein, we report a total of 147 fungal species of Agaricomycetes.
However, natural product chemistry and/or bioactivity studies are reported only in 21
of them. Fungal species from the following orders have been reported in southern
South America: Agaricales, Boletales, Hymenochaetales, Polyporales and Russulales. In
terms of fungal natural scaffolds, several furans, chlorinated phenol derivatives, polyenes,
lactones, terpenes and himanimides have been reported. These natural products dis-
played a range of biological activities including antimicrobial, antifungal, neuroprotective
and osteoclast-forming suppressing effects. Finally, more efforts are needed to uncover
the biomedically relevant chemical space in fungi from southern South America. These
endeavors will pave the path to open new venues for drug development campaigns.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by ANID FONDECYT Regular 1190652 and Instituto Antartico Chileno
(INACH) RT_16_21 (JCP). CR acknowledges the National Agency for Research and Development
(ANID) Scholarship Program/Doctorado Nacional 21210058. Acknowledgement of the project
financed by the regional government of Bio-Bio FIC-R 40036205-0 (RAR). In addition, this publi-
cation was also supported by Universidad del Bio-Bio, DICREA 2220310 AD/EQ. Also, we thank
the funding to support research assistants 2022 from the Direction of Research and Artistic
Creation, AIUE Project 2156, Universidad del Bio-Bio.

References

Abraham WR. 2001. Bioactive sesquiterpenes produced by Fungi: are they useful for humans
as well? Curr Med Chem. 8(6):583-606. doi: 10.2174/0929867013373147.

Alarcén J, Villalobos N, Lamilla C, Céspedes CL. 2013. Ceramides and terpenoids from Russula
austrodelica Singer. B Latinoam Caribe PL. 12:493-498.


https://doi.org/10.1080/14786419.2023.2244126
https://doi.org/10.2174/0929867013373147

10 J. GOMEZ-ESPINOZA ET AL.

Albornoz V, Casas-Arrojo V, Figueroa F, Herndndez V, Pérez C, Rajchenberg M, Smith CT, Becerra
J, Cabrera-Pardo JR, Campos VL, et al. 2022. Evaluation of cytotoxic effect against tumour
cells of the acidic polysaccharides of the fungus Nothophellinus andinopatagonicus. J Chil
Chem Soc. 67(1):5418-5424. doi: 10.4067/50717-97072022000105418.

Andrade JM, Pachar P, Trujillo L, Cartuche L. 2022. Suillin: a mixed-type acetylcholinesterase
inhibitor from Suillus luteus which is used by Saraguros indigenous, southern Ecuador. PLoS
One. 17(5):e0268292. doi: 10.1371/journal.pone.0268292.

Aqueveque P, Anke T, Sterner O. 2002. The himanimides, new bioactive compounds from
Serpula himantoides (Fr.) Karst. Z Naturforsch C J Biosci. 57(3-4):257-262. doi: 10.1515/
znc-2002-3-410.

Aqueveque P, Becerra J, Palfner G, Silva M, Alarcéon J, Anke T, Sterner O. 2006. Antimicrobial
activity of metabolites from mycelial cultures of Chilean Basidiomycetes. J Chil Chem Soc.
51(4):51. doi: 10.4067/50717-97072006000400015.

Aqueveque P, Céspedes CL, Alarcon J, Schmeda-Hirschmann G, Cafiumir JA, Becerra J, Silva M,
Sterner O, Radrigdn R, Aranda M. 2016. Antifungal activities of extracts produced by liquid
fermentations of Chilean Stereum species against Botrytis cinerea (grey mould agent). Crop
Prot. 89:95-100. doi: 10.1016/j.cropro.2016.07.014.

Aqueveque P, Céspedes CL, Becerra J, Davila M, Sterner O. 2015. Bioactive compounds isolated
from submerged fermentations of the Chilean fungus Stereum rameale. Z Naturforsch C J
Biosci. 70(3-4):97-102. doi: 10.1515/znc-2015-5005.

Aqueveque PM, Cespedes CL, Kubo I, Seigler DS, Sterner O. 2017. The impact of Andean
Patagonian mycoflora in the search for new lead molecules: molecules of the mycoflora from
the Patagonian Andes. Ann NY Acad Sci. 1401(1):5-18. doi: 10.1111/nyas.13402.

Arnold N, Palfner G, Schmidt J, Kuhnt C, Becerra J. 2012. Chemistry of the aroma bouquet of
the edible mushroom “lebre” (Cortinarius lebre, Basidiomycota, Agaricales) from Chile. J Chil
Chem Soc. 57(3):1333-1335. doi: 10.4067/50717-97072012000300029.

Baldrian P. 2006. Fungal laccases — occurrence and properties. FEMS Microbiol Rev. 30(2):215-
242. doi: 10.1111/j.1574-4976.2005.00010.x.

Baldrian P, Valaskova V. 2008. Degradation of cellulose by basidiomycetous fungi. FEMS Microbiol
Rev. 32(3):501-521. doi: 10.1111/j.1574-6976.2008.00106.x.

Baldrian P, Vétrovsky T, Lepinay C, Kohout P. 2022. High-throughput sequencing view on the mag-
nitude of global fungal diversity. Fungal Divers. 114(1):539-547. doi: 10.1007/513225-021-00472-y.

Boonmee S, Wanasinghe DN, Calabon MS, Huanraluek N, Chandrasiri SKU, Jones GEB, Rossi W,
Leonardi M, Singh SK, Rana S, et al. 2021. Fungal diversity notes 1387-1511: taxonomic and
phylogenetic contributions on genera and species of fungal taxa. Fungal Divers. 111(1):1-335.
doi: 10.1007/s13225-021-00489-3.

Cabrera-Pardo JR, Fuentealba J, Gavilan J, Cajas D, Becerra J, Napiorkowska M. 2019. Exploring the
multi-target neuroprotective chemical space of benzofuran scaffolds: a new strategy in drug
development for Alzheimer’s disease. Front Pharmacol. 10:1679. doi: 10.3389/fphar.2019.01679.

Caiafa MV, Sandoval-Leiva P, Matheny PB, Calle A, Smith ME. 2021. Four new species of
sequestrate Inocybe from Chilean Nothofagaceae forests. Mycologia. 113(3):629-642. doi:
10.1080/00275514.2020.1859324.

Choi JH, Yoshida M, Suzuki T, Harada E, Kawade M, Yazawa K, Nishimoto S, Hirai H, Kawagishi
H. 2013. A novel sphingosine with osteoclast-forming suppressing activity, from the edible
mushroom Grifola gargal. Tetrahedron. 69(40):8609-8611. doi: 10.1016/j.tet.2013.07.068.

Clericuzio M, Piovano M, Chamy MC, Garbarino JA, Milanesio M, Viterbo D, Vidari G, Finzi PV.
2004. Structural characterisation of metabolites from Pholiota spumosa (Basidiomycetes). Croat
Chem Acta. 77:605-611.

Cloete M, Fischer M, Du Plessis IL, Mostert L, Halleen F. 2016. A new species of Phellinus sen-
su stricto associated with esca on grapevine in South Africa. Mycol Progress. 15(3):25. doi:
10.1007/s11557-016-1168-x.

Dai YC, Zhou LW, Cui BK, Chen YQ, Decock C. 2010. Current advances in Phellinus sensu lato:
medicinal species, functions, metabolites and mechanisms. Appl Microbiol Biotechnol.
87(5):1587-1593. doi: 10.1007/s00253-010-2711-3.


https://doi.org/10.4067/S0717-97072022000105418
https://doi.org/10.1371/journal.pone.0268292
https://doi.org/10.1515/znc-2002-3-410
https://doi.org/10.1515/znc-2002-3-410
https://doi.org/10.4067/S0717-97072006000400015
https://doi.org/10.1016/j.cropro.2016.07.014
https://doi.org/10.1515/znc-2015-5005
https://doi.org/10.1111/nyas.13402
https://doi.org/10.4067/S0717-97072012000300029
https://doi.org/10.1111/j.1574-4976.2005.00010.x
https://doi.org/10.1111/j.1574-6976.2008.00106.x
https://doi.org/10.1007/s13225-021-00472-y
https://doi.org/10.1007/s13225-021-00489-3
https://doi.org/10.3389/fphar.2019.01679
https://doi.org/10.1080/00275514.2020.1859324
https://doi.org/10.1016/j.tet.2013.07.068
https://doi.org/10.1007/s11557-016-1168-x
https://doi.org/10.1007/s00253-010-2711-3

NATURAL PRODUCT RESEARCH 11

De Bruijn J, Loyola C, Aqueveque P, Cafiumir J, Cortéz M, France A. 2009. Antioxidant prop-
erties of extracts obtained from Grifola gargal mushrooms. Micol Aplicada Int. 21:11-18.
De Bruijn J, Loyola C, Aqueveque P, Cailumir J, Cortéz M, France A. 2008. Influence of heat
treatment on the antioxidant properties of Grifola gargal hydro-alcoholic extracts. Micol

Aplicada Int. 20:27-34.

Deja S, Wieczorek PP, Halama M, Jasicka-Misiak |, Kafarski P, Poliwoda A, Mtynarz P. 2014. Do
differences in chemical composition of stem and cap of Amanita muscaria fruiting bodies
correlate with topsoil type? PLoS One. 9(12):e104084. doi: 10.1371/journal.pone.0104084.

Del Frari G, Oliveira H, Boavida Ferreira R. 2021. White rot fungi (Hymenochaetales) and esca
of grapevine: insights from recent microbiome studies. J Fungi. 7(9):770. doi: 10.3390/
jof7090770.

Di Anibal C, Farenzena S, Rodriguez MS, Albertengo L. 2015. Chemical composition and nutri-
tional value of Argentine commercial edible mushrooms. J Verbr Lebensm. 10(2):155-164.
doi: 10.1007/s00003-015-0937-9.

Dighton J. 2018. Fungi in ecosystem processes. 2nd ed. CRC Press. https://www.taylorfrancis.
com/books/mono/10.1201/9781315371528/fungi-ecosystem-processes-john-dighton

Donoso C, Becerra J, Martinez M, Garrido N, Silva M. 2008. Degradative ability of
2,4,6-tribromophenol by saprophytic fungi Trametes versicolor and Agaricus augustus iso-
lated from Chilean forestry. World J Microbiol Biotechnol. 24(7):961-968. doi: 10.1007/
s11274-007-9559-4.

Fernandez MV, Barroetaveia C, Bassani V, Rios F. 2012. Rentabilidad del aprovechamiento del
hongo comestible Suillus luteus para productores forestales y para familias rurales de la zona
cordillerana de la provincia del Chubut, Argentina. Bosque (Valdivia). 33(1):09-10. doi: 10.4067/
S0717-92002012000100005.

Fukasawa Y. 2021. Ecological impacts of fungal wood decay types: a review of current knowl-
edge and future research directions. Ecol Res. 36(6):910-931. doi: 10.1111/1440-1703.12260.

Gallo AL, Soler F, Pellizas C, Vélez ML. 2022. Polysaccharide extracts from mycelia of Ganoderma
australe: effect on dendritic cell immunomodulation and antioxidant activity. Food Measure.
16(4):3251-3262. doi: 10.1007/511694-022-01444-9.

Gamundi IJ, Amos V. 2007. Exploraciones micoldgicas en Tierra del Fuego. Bol Soc Argent Bot.
42:131-148.

Garnica S, Sandoval-Leiva P, Riess K. 2021. Phylogenetic relationships in the genus Podoserpula
and description of P. aliweni, a new species from Chile. Mycologia. 113(5):1110-1121. doi:
10.1080/00275514.2021.1927422.

Garrido N. 1988. Agaricales s.I. und ihre Mykorrhizen in den Nothofagus-Waldern Mittelchiles.
Stuttgart (Germany): Schweizerbart Science Publishers.

Garrido N, Becerra J, Marticorena C, Oehrens E, Silva M, Horak E. 1982. Antibiotic properties of
ectomycorrhizae and saprophytic fungi growing on Pinus radiata D. Don |. Mycopathologia.
77(2):93-98. doi: 10.1007/BF00437390.

Garrido N, Bresinsky A, Marticorena C. 1985. Index Agaricalium Chilensium, Bibliotheca
Mycologica. Vaduz: J. Cramer.

Gonzalez-Ramirez M, Gavilan J, Silva-Grecchi T, Cajas-Madriaga D, Trivifio S, Becerra J, Saez-Orellana
F, Pérez C, Fuentealba J. 2018. A natural benzofuran from the Patagonic Aleurodiscus vitellinus
fungus has potent neuroprotective properties on a cellular model of amyloid-f peptide
toxicity. J Alzheimers Dis. 61(4):1463-1475. doi: 10.3233/JAD-170958.

Harada E, D'Alessandro-Gabazza CN, Toda M, Morizono T, Chelakkot-Govindalayathil A-L, Roeen
Z, Urawa M, Yasuma T, Yano Y, Sumiya T, et al. 2015. Amelioration of atherosclerosis by the
new medicinal mushroom Grifola gargal Singer. J Med Food. 18(8):872-881. doi: 10.1089/
jmf.2014.3315.

Hawksworth DL, Licking R. 2017. Fungal diversity revisited: 2.2 to 3.8 million species. Microbiol
Spectrum. 5(5.4):10. doi: 10.1128/microbiolspec.FUNK-0052-2016.

He MQ, Zhao RL, Liu DM, Denchev TT, Begerow D, Yurkov A, Kemler M, Millanes AM, Wedin
M, McTaggart AR, et al. 2022. Species diversity of basidiomycota. Fungal Divers. 114(1):281-
325. doi: 10.1007/s13225-021-00497-3.


https://doi.org/10.1371/journal.pone.0104084
https://doi.org/10.3390/jof7090770
https://doi.org/10.3390/jof7090770
https://doi.org/10.1007/s00003-015-0937-9
https://www.taylorfrancis.com/books/mono/10.1201/9781315371528/fungi-ecosystem-processes-john-dighton
https://www.taylorfrancis.com/books/mono/10.1201/9781315371528/fungi-ecosystem-processes-john-dighton
https://doi.org/10.1007/s11274-007-9559-4
https://doi.org/10.1007/s11274-007-9559-4
https://doi.org/10.4067/S0717-92002012000100005
https://doi.org/10.4067/S0717-92002012000100005
https://doi.org/10.1111/1440-1703.12260
https://doi.org/10.1007/s11694-022-01444-9
https://doi.org/10.1080/00275514.2021.1927422
https://doi.org/10.1007/BF00437390
https://doi.org/10.3233/JAD-170958
https://doi.org/10.1089/jmf.2014.3315
https://doi.org/10.1089/jmf.2014.3315
https://doi.org/10.1128/microbiolspec.FUNK-0052-2016
https://doi.org/10.1007/s13225-021-00497-3

12 J. GOMEZ-ESPINOZA ET AL.

Horak E. 1979. Fungi, Basidiomycetes Agaricales y Gasteromycetes secotioides, Flora Criptogdmica
de Tierra del Fuego. Fundacion para la Educacion, la Ciencia y la Cultura.

Hyde KD, Xu J, Rapior S, Jeewon R, Lumyong S, Niego AGT, Abeywickrama PD, Aluthmuhandiram
JVS, Brahamanage RS, Brooks S, et al. 2019. The amazing potential of fungi: 50 ways we can
exploit fungi industrially. Fungal Divers. 97(1):1-136. doi: 10.1007/s13225-019-00430-9.

Instituto de Asuntos Publicos. 2016. Informe pais. Estado del medio ambiente en Chile:
Comparaciéon 1999-2015.

Jacinto-Azevedo B, Valderrama N, Henriquez K, Aranda M, Aqueveque P. 2021. Nutritional val-
ue and biological properties of Chilean wild and commercial edible mushrooms. Food Chem.
356:129651. doi: 10.1016/j.foodchem.2021.129651.

Jia ZQ, Chen Y, Yan YX, Zhao JX. 2014. Iso-suillin isolated from Suillus luteus, induces G1 phase
arrest and apoptosis in human hepatoma SMMC-7721 cells. Asian Pac J Cancer Prev.
15(3):1423-1428. doi: 10.7314/apjcp.2014.15.3.1423.

Kirk PM, Cannon P, Minter D, Stalpers J. 2008. Ainsworth & Bisby’s dictionary of the fungi. 10th
ed. Wallingford (UK): CABI.

Li H, Tian Y, Menolli N, Ye L, Karunarathna SC, Perez-Moreno J, Rahman MM, Rashid MH,
Phengsintham P, Rizal L, et al. 2021a. Reviewing the world’s edible mushroom species: a new
evidence-based classification system. Compr Rev Food Sci Food Saf. 20(2):1982-2014. doi:
10.1111/1541-4337.12708.

Li H, Young SE, Poulsen M, Currie CR. 2021b. Symbiont-mediated digestion of plant biomass in
fungus-farming insects. Annu Rev Entomol. 66:297-316. doi: 10.1146/annurev-ento-040920-061140.

Liu F, Wang Y, Zhang K, Wang Y, Zhou R, Zeng Y, Han Y, Ng TB. 2017. A novel polysaccharide
with antioxidant, HIV protease inhibiting and HIV integrase inhibiting activities from Fomitiporia
punctata (P. karst.) Murrill (Basidiomycota, hymenochaetales). Int J Biol Macromol. 97:339-347.
doi: 10.1016/j.ijbiomac.2017.01.030.

Luebert F, Pliscoff P. 2022. The vegetation of Chile and the EcoVeg approach in the context of
the International Vegetation Classification project. VCS. 3:15-28. doi: 10.3897/V(CS.67893.
Luebert F, Pliscoff P. 2019. Sinopsis bioclimatica y vegetacional de Chile. Editorial Universitaria.
Mittermeier RA, Robles Gil P, Hoffman M, Pilgrim J, et al. 2004. Hotspots revisited, First English

Edition. Cemex books on nature. Mexico City (Mexico): Cemex.

Molares S, Toledo CV, Stecher G, Barroetavena C. 2020. Traditional mycological knowledge and pro-
cesses of change in Mapuche communities from Patagonia, Argentina: a study on wild edible
fungi in Nothofagaceae forests. Mycologia. 112(1):9-23. doi: 10.1080/00275514.2019.1680219.

Montagne C. 1850. Botdnica Ill Hongos. E. Thunot In: Historia Fisica y Politica de Chile. Paris: E.
Thunot y Ca, 328-515.

Montagne C. 1852. Boténica lll Hongos. In: Historia Fisica y Politica de Chile. Paris: E. Thunot y Ca,
5-228.

Morrone JJ. 2018. Evolutionary biogeography of the Andean Region. 1st ed. Boca Raton (FL):
CRC Press.

Mueller GM, Schmit JP, Leacock PR, Buyck B, Cifuentes J, Desjardin DE, Halling RE, Hjortstam
K, lturriaga T, Larsson KH, et al. 2007. Global diversity and distribution of macrofungi. Biodivers
Conserv. 16(1):37-48. doi: 10.1007/s10531-006-9108-8.

Muszynska B, Kata K, Rojowski J, Grzywacz A, Opoka W. 2017. Composition and biological
properties of Agaricus bisporus fruiting bodies—A review. Pol J Food Nutr Sci. 67(3):173-181.
doi: 10.1515/pjfns-2016-0032.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J. 2000. Biodiversity hotspots
for conservation priorities. Nature. 403(6772):853-858. doi: 10.1038/35002501.

Nouhra E, Kuhar F, Truong C, Pastor N, Crespo E, Mujic A, Caiafa MV, Smith ME. 2021.
Thaxterogaster revisited: a phylogenetic and taxonomic overview of sequestrate Cortinarius
from Patagonia. Mycologia. 113(5):1022-1055. doi: 10.1080/00275514.2021.1894535.

Oberwinkler F. 2012. 16 Basidiolichens. In: Hock B, editor. Fungal associations. Berlin, Heidelberg:
Springer Berlin Heidelberg; p. 341-362.

Otto A, Laub A, Wendt L, Porzel A, Schmidt J, Palfner G, Becerra J, Kriiger D, Stadler M,
Wessjohann L, et al. 2016. Chilenopeptins A and B, Peptaibols from the Chilean


https://doi.org/10.1007/s13225-019-00430-9
https://doi.org/10.1016/j.foodchem.2021.129651
https://doi.org/10.7314/apjcp.2014.15.3.1423
https://doi.org/10.1111/1541-4337.12708
https://doi.org/10.1146/annurev-ento-040920-061140
https://doi.org/10.1016/j.ijbiomac.2017.01.030
https://doi.org/10.3897/VCS.67893
https://doi.org/10.1080/00275514.2019.1680219
https://doi.org/10.1007/s10531-006-9108-8
https://doi.org/10.1515/pjfns-2016-0032
https://doi.org/10.1038/35002501
https://doi.org/10.1080/00275514.2021.1894535

NATURAL PRODUCT RESEARCH 13

Sepedonium aff. chalcipori KSH 883. J Nat Prod. 79(4):929-938. doi: 10.1021/acs.jnat-
prod.5b01018.

Palacios Y. 1966. Investigacion de la actividad antibacteriana de hongos superiores de Chile.
Anales de la Facultad de Quimica y Farmacia de la Universidad de Chile. 18:106-113.

Pildain MB, Marchelli P, Azpilicueta MM, Starik C, Barroetaveia C. 2021. Understanding introduction
history: genetic structure and diversity of the edible ectomycorrhizal fungus, Suillus luteus, in
Patagonia (Argentina). Mycologia. 113(4):715-724. doi: 10.1080/00275514.2021.1909449.

Pildain MB, Pérez GA, Robledo G, Pappano DB, Rajchenberg M. 2017. Arambatrria the pathogen
involved in canker rot of Eucalyptus, native trees wood rots and grapevine diseases in the
Southern Hemisphere. For Path. 47(6):e12397. doi: 10.1111/efp.12397.

Policelli N, Bruns TD, Vilgalys R, Nuiiez MA. 2019. Suilloid fungi as global drivers of pine inva-
sions. New Phytol. 222(2):714-725. doi: 10.1111/nph.15660.

P6lme S, Abarenkov K, Henrik Nilsson R, Lindahl BD, Clemmensen KE, Kauserud H, Nguyen N, Kjgller
R, Bates ST, Baldrian P, et al. 2020. FungalTraits: a user-friendly traits database of fungi and
fungus-like stramenopiles. Fungal Divers. 105(1):1-16. doi: 10.1007/s13225-020-00466-2.

Postemsky PD, Curvetto NR. 2015. Submerged culture of Grifola gargal and G. sordulenta (Higher
Basidiomycetes) from Argentina as a source of mycelia with antioxidant activity. Int J Med
Mushrooms. 17(1):65-76. doi: 10.1615/intjmedmushrooms.v17.i1.70.

Rajchenberg M. 2002. The genus Grifola (Aphyllophorales, Basidiomycota) in Argentina revisit-
ed. Bol Soc Argent Bot. 37:19-27.

Rajchenberg M, Pildain MB, de Errasti A, Riquelme C, Becerra J, Torres-Diaz C, Cabrera-Pardo
JR. 2021. Species and genera in Aleurodiscus sensu lato as viewed from the Southern
Hemisphere. Mycologia. 113(6):1264-1277. doi: 10.1080/00275514.2021.1940671.

Rajchenberg M, Pildain MB, Madriaga DC, de Errasti A, Riquelme C, Becerra J. 2019. New poroid
hymenochaetaceae (basidiomycota, hymenochaetales) from Chile. Mycol Progress. 18(6):865-
877. doi: 10.1007/s11557-019-01495-1.

Reinoso R, Cajas-Madriaga D, Martinez M, San Martin A, Pérez C, Fajardo V, Becerra J. 2013.
Biological activity of macromycetes isolated from Chilean subantarctic ecosystems. J Chil
Chem Soc. 58(4):2016-2019. doi: 10.4067/50717-97072013000400024.

Reck B, Spiteller P. 2015. Synthesis of secondary metabolites from higher fungi. Synthesis.
47(19):2885-2911. doi: 10.1055/5-0034-1378774.

Richter C, Wittstein K, Kirk PM, Stadler M. 2015. An assessment of the taxonomy and chemo-
taxonomy of Ganoderma. Fungal Divers. 71(1):1-15. doi: 10.1007/s13225-014-0313-6.

Rimington WR, Duckett JG, Field KJ, Bidartondo MI, Pressel S. 2020. The distribution and evo-
lution of fungal symbioses in ancient lineages of land plants. Mycorrhiza. 30(1):23-49. doi:
10.1007/s00572-020-00938-y.

Riquelme C, Candia B, Ruiz D, Herrera M, Becerra J, Pérez C, Rajchenberg M, Cabrera-Pardo J.
2020. The de novo production of halogenated hydroquinone metabolites by the
Andean-Patagonian white-rot fungus Phylloporia boldo. CREAM. 10(1):198-205. doi: 10.5943/
cream/10/1/20.

Riquelme C, Diban MJ, Salazar Vidal V. 2019. Revisién del género Boletus L. (Boletales,
Basidiomycota) en Chile. Bol Micol. 34(1):28. doi: 10.22370/bolmicol.2019.34.1.1754.

Rivas-Ferreiro M, Otero A, Moran P. 2023. It's what's inside that counts: DNA-barcoding of
porcini (Boletus sp., Basidiomycota) commercial products reveals product mislabelling. Food
Control. 144:109346. doi: 10.1016/j.foodcont.2022.109346.

Robaszkiewicz A, Bartosz G, Lawrynowicz M, Soszynski M. 2010. The role of polyphenols,
[-carotene, and lycopene in the antioxidative action of the extracts of dried, edible mush-
rooms. J Nutr Metab. 2010;2010:173274. doi: 10.1155/2010/173274.

Rosenberger MG, Paulert R, Cortez VG. 2018. Studies of the antimicrobial activity of mushrooms
(Agaricales) from South America (Review). Int J Med Mushrooms. 20(11):1065-1074. doi:
10.1615/IntJMedMushrooms.2018028771.

Rugolo M, Mascoloti Spréa R, Dias MI, Pires TCSP, Aiibarro-Ortega M, Barroetaveia C, Caleja
C, Barros L. 2022. Nutritional composition and bioactive properties of wild edible mushrooms
from native Nothofagus Patagonian forests. Foods. 11:3516. doi: 10.3390/foods11213516.


https://doi.org/10.1021/acs.jnatprod.5b01018
https://doi.org/10.1021/acs.jnatprod.5b01018
https://doi.org/10.1080/00275514.2021.1909449
https://doi.org/10.1111/efp.12397
https://doi.org/10.1111/nph.15660
https://doi.org/10.1007/s13225-020-00466-2
https://doi.org/10.1615/intjmedmushrooms.v17.i1.70
https://doi.org/10.1080/00275514.2021.1940671
https://doi.org/10.1007/s11557-019-01495-1
https://doi.org/10.4067/S0717-97072013000400024
https://doi.org/10.1055/s-0034-1378774
https://doi.org/10.1007/s13225-014-0313-6
https://doi.org/10.1007/s00572-020-00938-y
https://doi.org/10.5943/cream/10/1/20
https://doi.org/10.5943/cream/10/1/20
https://doi.org/10.22370/bolmicol.2019.34.1.1754
https://doi.org/10.1016/j.foodcont.2022.109346
https://doi.org/10.1155/2010/173274
https://doi.org/10.1615/IntJMedMushrooms.2018028771
https://doi.org/10.3390/foods11213516

14 J. GOMEZ-ESPINOZA ET AL.

Sandargo B, Chepkirui C, Cheng T, Chaverra-Mufoz L, Thongbai B, Stadler M, Hiittel S. 2019. Biological
and chemical diversity go hand in hand: basidiomycota as source of new pharmaceuticals and
agrochemicals. Biotechnol Adv. 37(6):107344. doi: 10.1016/j.biotechadv.2019.01.011.

Schalchli H, Hormazabal E, Becerra J, Birkett M, Alvear M, Vidal J, Quiroz A. 2011. Antifungal
activity of volatile metabolites emitted by mycelial cultures of saprophytic fungi. Chem Ecol.
27(6):503-513. doi: 10.1080/02757540.2011.596832.

Schalchli H, Hormazabal E, Becerra J, Briceno G, Hernandez V, Rubilar O, Diez MC. 2015. Volatiles
from white-rot fungi for controlling plant pathogenic fungi. Chem Ecol. 31(8):754-763. doi:
10.1080/02757540.2015.1094465.

SIB. 2022. Sistema de Informacién de Biodiversidad SIB. Argentina: Parques Nacionales.

Singer R. 1969. Mycoflora australis, Beihefte zur Nova Hedwigia ; Heft 29. Lehre: J. Cramer.

Singer R, Digilio APL. 1957. Las boletaceas austrosudamericanas. Lilloa. 28:246-268.

Singer R, Moser M, Gamundi |, Sota ER, Sarmiento G. 1965. Forest mycology and forest com-
munities in South America: I. The early fall aspect of the mycoflora of the cordillera pelada
(Chile), with a mycogeographic analysis and conclusions regarding the heterogeneity of the
valdivian floral district. Mycopathol Mycol Appl. 26(2-3):129-191. doi: 10.1007/BF02049773.

Spegazzini C. 1921. Mycetes chilenses. Bol Acad Nac Cien Cérd. 25:1-124.

Spegazzini C. 1910. Fungi chilenses. Ramillete de Hongos Chilenos. http://sedici.unlp.edu.ar/
handle/10915/138265.

Spegazzini C. 1880. Fungi argentini (Pugillus 1). Anales Soc Ci. Argent. 9:158-192.

Spiteller P. 2015. Chemical ecology of fungi. Nat Prod Rep. 32(7):971-993. doi: 10.1039/c4n-
p00166d.

Stadler M, Hoffmeister D. 2015. Fungal natural products - the mushroom perspective. Front
Microbiol. 6:127. doi: 10.3389/fmicb.2015.00127.

Sun L, Bai X, Zhuang Y. 2014. Effect of different cooking methods on total phenolic contents
and antioxidant activities of four Boletus mushrooms. J Food Sci Technol. 51(11):3362-3368.
doi: 10.1007/s13197-012-0827-4.

Tedersoo L, Bahram M, Zobel M. 2020. How mycorrhizal associations drive plant population
and community biology. Science. 367:eaba1223. doi: 10.1126/science.aba1223.

Tedersoo L, May TW, Smith ME. 2010. Ectomycorrhizal lifestyle in fungi: global diversity, distri-
bution, and evolution of phylogenetic lineages. Mycorrhiza. 20(4):217-263. doi: 10.1007/
s00572-009-0274-x.

Tedersoo L, Smith ME. 2013. Lineages of ectomycorrhizal fungi revisited: foraging strategies
and novel lineages revealed by sequences from belowground. Fungal Biol Rev. 27(3-4):83-99.
doi: 10.1016/j.fbr.2013.09.001.

Thongbai B, Rapior S, Hyde KD, Wittstein K, Stadler M. 2015. Hericium erinaceus, an amazing
medicinal mushroom. Mycol Progress. 14(10):91. doi: 10.1007/s11557-015-1105-4.

Tisma M, Znidarsi¢-Plazl P, Selo G, Tolj I, Speranda M, Buci¢-Koji¢ A, Planini¢ M. 2021. Trametes
versicolor in lignocellulose-based bioeconomy: state of the art, challenges and opportunities.
Bioresour Technol. 330:124997. doi: 10.1016/j.biortech.2021.124997.

Toledo CV, Barroetaveia C, Rajchenberg M. 2016. Hongos silvestres comestibles novedosos en
el bosque nativo y en las plantaciones de Patagonia Andina, Argentina, Manual. Centro de
Investigacion y Extension Forestal Andino Patagoénico (CIEFAP).

Torres S, Cabrera-Pardo J, Alonso F, Bustos E, Pérez C, Palfner G, Hernandez V, Uriarte E, Becerra
J. 2016. Changes in secondary metabolites profiles and biological activity of the fresh fruit-
ing bodies of Stereum hirsutum exposed to high-dose UV-B radiation. J Chil Chem Soc.
61(4):3224-3227. doi: 10.4067/50717-97072016000400015.

Torres S, Cajas D, Palfner G, Astuya A, Aballay A, Pérez C, Hernandez V, Becerra J. 2017. Steroidal
composition and cytotoxic activity from fruiting body of Cortinarius xiphidipus. Nat Prod Res.
31(4):473-476. doi: 10.1080/14786419.2016.1185717.

Torres S, Gonzalez-Ramirez M, Gavilan J, Paz C, Palfner G, Arnold N, Fuentealba J, Becerra J,
Pérez C, Cabrera-Pardo JR. 2019. Exposure to UV-B radiation leads to increased deposition
of cell wall-associated xerocomic acid in cultures of Serpula himantioides. Appl Environ
Microbiol. 85(18):e00870-19. doi: 10.1128/AEM.00870-19.


https://doi.org/10.1016/j.biotechadv.2019.01.011
https://doi.org/10.1080/02757540.2011.596832
https://doi.org/10.1080/02757540.2015.1094465
https://doi.org/10.1007/BF02049773
http://sedici.unlp.edu.ar/handle/10915/138265
http://sedici.unlp.edu.ar/handle/10915/138265
https://doi.org/10.1039/c4np00166d
https://doi.org/10.1039/c4np00166d
https://doi.org/10.3389/fmicb.2015.00127
https://doi.org/10.1007/s13197-012-0827-4
https://doi.org/10.1126/science.aba1223
https://doi.org/10.1007/s00572-009-0274-x
https://doi.org/10.1007/s00572-009-0274-x
https://doi.org/10.1016/j.fbr.2013.09.001
https://doi.org/10.1007/s11557-015-1105-4
https://doi.org/10.1016/j.biortech.2021.124997
https://doi.org/10.4067/S0717-97072016000400015
https://doi.org/10.1080/14786419.2016.1185717
https://doi.org/10.1128/AEM.00870-19

NATURAL PRODUCT RESEARCH 15

Venditti A, Frezza C, Sciubba F, Serafini M, Bianco A. 2017. Primary and secondary metabolites
of an European edible mushroom and its nutraceutical value: Suillus bellinii (Inzenga) Kuntze.
Nat Prod Res. 31(16):1910-1919. doi: 10.1080/14786419.2016.1267731.

Webster J, Weber R. 2007. Introduction to fungi. 3rd ed. Cambridge University Press. https://
www.cambridge.org/us/universitypress/subjects/life-sciences/plant-science/
introduction-fungi-3rd-edition?format=PB&amp;isbn=9780521014830

Wijayawardene NN, Hyde KD, Rajeshkumar KC, Hawksworth DL, Madrid H, Kirk PM, Braun U,
Singh RV, Crous PW, Kukwa M, et al. 2017. Notes for genera: ascomycota. Fungal Divers.
86(1):1-594. doi: 10.1007/s13225-017-0386-0.

Wu B, Hussain M, Zhang W, Stadler M, Liu X, Xiang M. 2019. Current insights into fungal spe-
cies diversity and perspective on naming the environmental DNA sequences of fungi.
Mycology. 10(3):127-140. doi: 10.1080/21501203.2019.1614106.

Wu J, Choi JH, Yoshida M, Hirai H, Harada E, Masuda K, Koyama T, Yazawa K, Noguchi K,
Nagasawa K, et al. 2011. Osteoclast-forming suppressing compounds, gargalols A, B, and C,
from the edible mushroom Grifola gargal. Tetrahedron. 67(35):6576-6581. doi: 10.1016/j.
tet.2011.05.091.

Yan Y, Yao S, Jia Z, Zhao J, Wang L. 2021. Iso-suillin-induced DNA damage leading to cell cycle
arrest and apoptosis arised from p53 phosphorylation in A549 cells. Eur J Pharmacol.
907:174299. doi: 10.1016/j.ejphar.2021.174299.

Zhao Y, Liu X, Bai F. 2019. Four new species of Tremella (Tremellales, Basidiomycota) based on
morphology and DNA sequence data. MycoKeys. 47(47):75-95. doi: 10.3897/mycokeys.47.29180.

Zhao Y, Zheng W. 2021. Deciphering the antitumoral potential of the bioactive metabolites
from medicinal mushroom Inonotus obliquus. J Ethnopharmacol. 265:113321. doi: 10.1016/j.
jep.2020.113321.


https://doi.org/10.1080/14786419.2016.1267731
https://www.cambridge.org/us/universitypress/subjects/life-sciences/plant-science/introduction-fungi-3rd-edition?format=PB&amp;isbn=9780521014830
https://www.cambridge.org/us/universitypress/subjects/life-sciences/plant-science/introduction-fungi-3rd-edition?format=PB&amp;isbn=9780521014830
https://www.cambridge.org/us/universitypress/subjects/life-sciences/plant-science/introduction-fungi-3rd-edition?format=PB&amp;isbn=9780521014830
https://doi.org/10.1007/s13225-017-0386-0
https://doi.org/10.1080/21501203.2019.1614106
https://doi.org/10.1016/j.tet.2011.05.091
https://doi.org/10.1016/j.tet.2011.05.091
https://doi.org/10.1016/j.ejphar.2021.174299
https://doi.org/10.3897/mycokeys.47.29180
https://doi.org/10.1016/j.jep.2020.113321
https://doi.org/10.1016/j.jep.2020.113321

	Diversity of Agaricomycetes in southern South America and their bioactive natural products
	ABSTRACT
	1. Introduction
	2. Methodology
	3. Basidiomycota bioprospection from Chile and Argentina
	4. Agaricales Underw
	5. Boletales E.-J. Gilbert
	6. Polyporales Gäum
	7. Hymenochaetales Oberw
	8. Russulales kreisel ex P.M. Kirk, P.F. Cannon, & J.C. David
	9. Bioactive natural products from Agaricomycetes of the Andean region
	10. Conclusion
	Disclosure statement
	Funding
	References



