19t International Congress of Speleology and 38° Congresso Brasileiro de Espeleologia - Belo Horizonte 2025 - Vol. VI

Aspergillus and Penicillium from
quartzite and ferruginous caves in
minas gerais

Thiago Oliveira Condé (1), Ana Flavia Ledo (1), Fabio Alex Custddio (2)
& Olinto Liparini Pereira (2)

(1) Laboratério de Micologia e Etiologia de Doengas Flngicas, Departamento de Microbiologia, Universidade Federal de Vicosa, Vicosa, Minas Ge-
rais, Brasil.

(2) Laboratério de Micologia e Etiologia de Doengas Flngicas, Departamento de Fitopatologia, Universidade Federal de Vigosa, Vigosa, Minas Ge-
rais, Brasil.
Contact: olliveira.thiago@gmail.com and oliparini@ufv.br

Resumo

Aordem Eurotiales compreende géneros economicamente importantes, como Aspergillus e Penicillium, amplamente distribuidos em habitats
terrestres, incluindo cavernas. O estado de Minas Gerais abriga a maioria das cavernas conhecidas no Brasil; no entanto, sua micobiota ca-
vernicola é pouco estudada. Este estudo investiga a presenca de espécies de Aspergillus e Penicillium em cavernas ferruginosas e quartziticas
da porcdo sul da Serra do Espinhago, em Minas Gerais, Brasil. Amostras foram coletadas de varios substratos cavernicolas e analisadas por
métodos de filogenia molecular. Foram obtidos 330 isolados, com Penicillium sendo o género dominante. As analises filogenéticas das regides
génicas da beta-tubulina e calmodulina identificaram 4 espécies de Aspergillus e 14 de Penicillium, com 16 espécies potencialmente novas
detectadas. Oito espécies foram relatadas em cavernas no mundo pela primeira vez, enquanto trés constituem novos registros para cavernas
brasileiras. O estudo destaca a importancia do estudo da micobiota de cavernas na elucidagdo da diversidade fingica e no aprimoramento
das estimativas globais de fungos. Além disso, enfatizamos a necessidade de esforcos de conservacgéo, ja que esses ecossistemas cavernicolas
estdo ameacados pela expansdo das atividades de mineragao na regido.

Abstract

The Eurotiales order comprises economically important genera, such as Aspergillus and Penicillium, that are ubiquitously distributed in terres-
trial habitats, including caves. Minas Gerais state harbours most of the caves known in Brazil; however, its cave mycobiota is poorly studied.
This study investigates the presence of Aspergillus and Penicillium species in ferruginous and quartzite caves of the Southern Espinhago Moun-
tain Range in Minas Gerais, Brazil. Samples were collected from various cave substrates and analysed using molecular phylogenetic methods.
A total of 330 isolates were obtained, with Penicillium being the dominant genus. Phylogenetic analyses of beta-tubulin and calmodulin gene
regions identified 4 Aspergillus and 14 Penicillium species, with 16 potentially new species detected. Eight species were reported in caves wor-
ldwide for the first time, while three were new records for Brazilian caves. The study highlights the importance of cave mycobiota research in
uncovering fungal diversity and improving global fungal estimates. It also emphasizes the need for conservation efforts, as these cave ecosys-
tems are threatened by expanding mining activities in the region.

1. Introduction

The order Eurotiales comprises diverse and economically impor-
tant fungal genera such as Aspergillus and Penicillium (Aspergillaceae).
Penicillium is known for producing penicillin, revolutionising bacterial
infection treatment (HOUBRAKEN et al., 2011). Aspergillus oryzae is used
in food fermentation, while P camemberti and P. roqueforti are used
in cheese production (COTON et al., 2020; LESSARD et al., 2014; ABE &
GOMI, 2007). However, both genera can cause food spoilage, produce
harmful mycotoxins, and include pathogenic species (YU et al., 2020;
FRISVAD et al., 2019).

Members of the Eurotiales order are widely distributed in terrestrial
habitats. They are found inindoor environments (VISAGIE et al., 2014b),
natural ecosystems (BARBOSA et al., 2020, 2022; VISAGIE et al., 2014a),
and caves (VANDERWOLF et al., 2013). Aspergillus and Penicillium are
among the most abundant fungiin caves worldwide (ZHANG et al., 2021).
Members of Eurotiales in Brazilian caves have been reported in different
states, including Goias (OLIVEIRA et al., 2024a), Minas Gerais (CONDE et
al.,2022), Pard (NOBREGA et al., 2024), Pernambuco (CUNHA et al., 2020),
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Rio Grande do Norte (ALVES et al., 2022b), and Sergipe (LIMA et al., 2024).

The state of Minas Gerais harbours 11,029 caves, representing almost
half of the caves registered in Brazil (CRUZ & COSTA NETO, 2023). Many
of these caves are located in the Southern Espinhago Mountain Range
(SEMR) (AULER et al., 2015), including the quartzite and ferruginous
caves found in the municipality of Concei¢cao do Mato Dentro and its
vicinities. The Monumento Natural da Serra da Ferrugem (MNSF) is an
integral conservation unit which preserves an area of approximately 867
ha. However, iron mining activities that surround the MNSF threaten the
caves and biodiversity of this pristine environment (DIAS & MADEIRA
FILHO, 2020), including its cave mycobiota. This study aimed to identify
fungal isolates belonging to the order Eurotiales from ferruginous and
quartzite caves in the SEMR. Phylogenetic analyses using the DNA se-
quences of the beta-tubulin and calmodulin gene regions were performed
to identify fungal isolates.
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2. Methodology

2.1. Study area and sample collection

Samples were collected at three different locations. In Alvorada de
Minas (Itapanhoacanga), sampling was performed in one ferruginous
cavity. In Conceigdo do Mato Dentro, sampling was performed in the
Gruta Curral de Pedras (quartzite/ferruginous), which is approximately
400m long; and in the MNSF, where sampling was performed in five
ferruginous cavities.

Samples of airborne fungal particles, rocks, sediment, leaf litter,
roots, and animal dung were collected from the caves. Airborne fungal
particles were collected using the Koch sedimentation method (KUZMINA
etal.,2012). Petri plates (90 mm) containing Potato Dextrose Agar (PDA)
amended with chloramphenicol (2 mg/L), Dichloran-Rose Bengal-Chlo-
ramphenicol Agar (DRBC), and Dichloran Glycerol Agar (DG18) culture
media were exposed to the cave environment for 15 minutes. Rock
samples were collected with the aid of a sterile swab. Sediment samples
were collected at adepth of 1-5 cm after removing the surface layer. Leaf
litter and root samples were collected and stored in paper bags, while
animal dung samples were collected and stored in 50 mL Falcon tubes.

2.2. Fungalisolation

The serial dilution method was used to isolate fungi from rocks,
sediments, and animaldung (ZHANG et al., 2017). The root samples were
processed as described by OLIVEIRA et al. (2024b). PDA, DRBC, and DG18
culture media were used for fungal isolation. All plates were incubated
at 25 °C for 30 days, during which fungal growth was observed daily, and
new fungal colonies were periodically transferred to fresh PDA plates.
Litter samples were washed in running tap water and then incubated
in a humid chamber (CASTANEDA-RUIZ et al., 2005), where they were
periodically observed under a stereoscopic microscope and reproductive
fungal structures were transferred to fresh PDA plates.

Concelgéo,do Mato Pentro

Monumento Natural
da Serra da Férrugem
das Goograficas @ ;
Datum: SIRGAS 2000
Fonte: IBGE, 2022
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Pure cultures were obtained using the hyphal tip method (TUITE,
1969). Fungal cultures were stored in 2 mL microtubes containing 10%
glycerol solution at -20 °C. All isolates were stored in the cave fungal
collection of Micolab/UFV.

2.3.DNA isolation, amplification and sequencing

Total genomic DNA was isolated from fungal mycelia grown in PDA
for seven days using a commercial Wizard Genomic DNA Purification
kit (Promega®). DNA amplification of the internal transcribed spacers
1 and 2 and the intervening 5.8S subunit (ITS) using primer pairs ITS5/
LR6 (VILGALYS & HESTER, 1990; WHITE et al., 1990) was performed for
all isolates. Subsequently, a smaller set of representative isolates of
Eurotiales was chosen, and the partial beta-tubulin (BenA) and calmo-
dulin (CaM) gene regions were amplified using the primers Bt2a/Bt2b
(GLASS & DONALDSON, 1995) and CMD5 and CMD6 (HONG et al., 2006),
respectively. DNA amplicon sequencing was performed by Macrogen
Inc. (South Korea). The sequencing results were visualised and trimmed
using FinchTV software (Geospiza Inc.).

2.4. Phylogenetic analyses

A DNA sequence dataset was constructed using BenA and CaM
sequences generated in this study and those stored

in the National Center for Biotechnology Information (NCBI). DNA
alignments were performed using MAFFT v.7 (KATOH & STANDLEY, 2013).
Phylogenetic analyses were performed using maximum likelihood (ML)
in IQ-TREE software (MINH et al., 2020), with 10,000 ultrafast bootstrap
(BS) replicates. Only BS values of = 90 were plotted at the nodes. Phylo-
genetic trees were visualized using FigTree v. 1.4.3 and exported to
graphics programs for editing.

Figure 1: A: Location of the caves analysed in this study. B-C: Gruta Curral de Pedras airborne fungi sampling and cave entrance.
D: Fungal colonisation of cave walls in Itapanhoacanga. E-F: Ferruginous cavities in Monumento Natural da Serra da Ferrugem.

3. 3. Results

Atotal of 330 isolates belonging to Aspergillus and Penicillium were
found in the caves sampled, of which 15 were identified as Aspergillus
and 315 as Penicillium, according to ITS sequencing. From the samples
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analysed, 143 isolates were recovered from sediments, 80 from airborne
particles, 52 from animal dung, 39 from rocks, 11 from leaf litter, and
five from plant roots (Fig. 2A)
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Figure 2: Statistics of Aspergillus and Penicillium isolates obtained in this
study. A: Number of isolates obtained from different substrates in the
three localities. B: Abundance of fungal isolates obtained by section in
Aspergillus and Penicillium.

Ofthese, 153 isolates were recovered from the Gruta Curral de Pedras,
120 from the Serra da Ferrugem caves, and 57 from Itapanhoacanga cave.
In the caves analysed, section Citrina was the most abundant with 128
isolates, followed by Sclerotiorum, Lanata-Divaricata, Exilicaulis, and
Ramosum with 54, 50, 34, and 18 isolates, respectively (Fig. 2B). The
other sections are depicted in Figure 2B.

Phylogenetic trees were constructed using a small subset of isola-
tes which were subjected to DNA sequencing of more phylogenetically
informative regions, i.e. BenA and CaM (Figs 2 and 3). Four species
of Aspergillus were identified, namely A. bertholletiae (sect. Flavi), A.
stramenius (sect. Fumigati), A. tubingensis (sect. Nigri), and A. versicolor
(sect. Nidulantes), whereas strains CF 3851 and CF 4138, belonging to
sections Circumdati and Flavi, respectively, could not be identified to
the species level (Fig. 3).

In the genus Penicillium, 14 strains and 14 species were identified,
whereas the other 17 strains, representing 14 species, could not be assig-
ned to any known species (Fig. 4). Isolates identified were P. fusisporum,
P. brevicompactum, P. nothofagi, P. paxilli, P. steckii, P. shearii, P. melinii,
P. cf. sichuanense, P. cf. carajasense, P. cf. stangiae, P. viridissimum, P.
virgatum, P. cf. xyleborini,and P. cf. austricola (Fig. 4). Penicilliumisolates
were distributed in sections Aspergilloides, Brevicompacta, Charlesia,
Citrina, Exilicaulis, Gracilenta, Lanata-Divaricata, Ramosum, Robsamsonia,
Sclerotiorum, and Torulomyces (Fig. 4).
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Figure 3: Maximume-likelihood phylogenetic tree of Aspergillus based on
CaM sequences. Isolates found in this study are shown in bold. Ex-type
isolates are marked with “T”’ Only bootstrap (bs) values = 90 % are shown
at branches. The tree is rooted with T. bacillisporus CBS 296.48 and T.
subinflatus CBS 652.95.

P, fusisporum CBS 137463 T
R
CF 3771

im sp. 1 CF 4216
Dhosniceum C88 240227
CBS 141832 T

0) P. viridissimt
0y P wolfol GBS 181717

171 P. wotroi CBS 118138
%3l penicillium sp. CF 3685
e cuar CBS 113149 T

8 CF 4302
5.8 GF 4421

Figure 4: Maximum-likelihood phylogenetic tree of Penicillium based on
BenA sequences. Isolates found in this study are shown in bold. Ex-type
isolates are marked with “T’’ Only bootstrap (bs) values = 90 % are shown
at branches. The tree is rooted with H. avellanea CBS 295.48 and H. pa-
ravellanea CBS 132831.

Theisolates that could not be identified may represent new species
of Aspergillus and Penicillium. They will be further analysed using a
polyphasic approach, combining multigene molecular phylogeny and
morphological analyses of vegetative and reproductive structures, to
determine whether these isolates represent new species. Table 1 depicts
the species found in Aspergillus and Penicillium according to phylogenetic
analyses of the CaM and BenA sequences.
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Table 1: List of Aspergillus and Penicillium species found in the caves studied using BenA and CaM gene regions

Species Section Isolate  Cave substrate Locality Species Section Isolate  Cave substrate Locality
Aspergillus sp. 1 Circumdati CF 3851 Air Serra da Ferrugem P. cf. carajasense Lanata-Divaricata  CF 3670 Sediment Serra da Ferrugem
Aspergillus sp. 2 Flavi CF4138 Sediment Curral de Pedras P. cf. stangiae B jangta-Divaricata  CF 3709 Sediment Serra da Ferrugem
A. bertholletiae Flavi CF4168 Sediment Curral de Pedras P. viridissimum ® | onato-Divaricata  CF 3605 Air Serra da Ferrugem
A. stramenius B rymigati CF 4476 Sediment Itapanhoacanga Penicillium sp. 6 Lanata-Divaricata  CF 3685 Cave wall Serra da Ferrugem
A. tubingensis Nigri CF 4466 Cave wall Itapanhoacanga P. virgatum Ramosum CF 4136 Sediment Curral de Pedras
A. versicolor Nidulantes CF4345  Animal dung Curral de Pedras P. cf. xyleborini B Ramosum CF4348  Animal dung Curral de Pedras
P. fusisporum B Aspergilloides CF3771 Plant roots Serra da Ferrugem Penicillium sp. 7 Ramosum CF 3981 Air Curral de Pedras
P. brevic 7 Brevicomp CF 4357 Air Curral de Pedras Penicillium sp. 7 Ramosum CF 4110 Air Curral de Pedras
Penicillium sp. 1 Charlesia CF4216 Leaf litter Curral de Pedras Penicillium sp. 8 Robsamsonia CF 4302 Animal dung Curral de Pedras
P. nothofagi B Citring CF 4130 Sediment Curral de Pedras Penicillium sp. 8 Robsamsonia CF4421  Animal dung Curral de Pedras
P. paxilli ® (itring CF 3691 Cave wall Serra da Ferrugem Penicillium sp. 9 Sclerotiorum CF 4100 Sediment Curral de Pedras
P. steckii ® (itrina CF 4438 Sediment Itapanhoacanga Penicillium sp. 10 Sclerotiorum CF 3734 Sediment Serra da Ferrugem
P. shearii Citrina CF 4481 Sediment Itapanhoacanga Penicillium sp. 11 Sclerotiorum CF 4209 Cave wall Curral de Pedras
Penicillium sp. 2 Citrina CF 4377 Animal dung Curral de Pedras Penicillium sp. 11 Sclerotiorum CF 4442 Sediment Itapanhoacanga
Penicillium sp. 3 Citrina CF 4475 Sediment Itapanhoacanga P. cf. austricola B Torulomyces CF4242  Animal dung Curral de Pedras
Penicillium sp. 4 Citrina CF 3650 Sediment Serra da Ferrugem Penicillium sp. 12 Torulomyces CF 3706 Sediment Serra da Ferrugem
Penicillium sp. 5 Exilicaulis CF 3993 Air Curral de Pedras Penicillium sp. 13 Torulomyces CF 4402 Sediment Curral de Pedras
P. melinii ®  xilicaulis CF 4359 Sediment Curral de Pedras Penicillium sp. 14 undefined CF 3662 Sediment Serra da Ferrugem
P. cf. sichuanense M Gracilenta CF 4007 Air Curral de Pedras W = first report in caves worldwide; @ = first report in Brazilian caves.

4. Discussion

Caves are environments characterised by partial or total absence of light,
high humidity, stable temperature, and limited amount of organic matter
(except for bat caves) (BARTON; JURADO, 2007; POULSON; WHITE, 1969).
Despite these challenging conditions, fungi can thrive in these ecosystems,
and many studies have reported the presence of these organisms, including
the discovery of new species and genera (ALVES et al., 2022b; CONDE et
al., 2023; ZHANG et al., 2017). According to estimates of fungal diversity in
caves worldwide, nearly 2,000 species of fungi have been reported in these
environments (VANDERWOLF et al., 2013; ZHANG et al., 2021), of which
Aspergillus and Penicillium are often the most abundant genera.

Based on phylogenetic analyses, we identified four species in the
genus Aspergillus and 14 species in Penicillium from ferruginous and
quartzite caves in Minas Gerais. Additionaly, we identified 16 fungal
lineages that may represent new species in these genera. Cunha et al.,
(2020) found that Aspergillus and Penicillium were predominately isolated
from different substrates in the Meu Rei bat cave in Pernambuco. Cavesin
Minas Gerais also harbour Aspergillus and Penicillium (CONDE et al., 2022;
TAYLOR et al., 2014; TAYLOR et al., 2013). In the Lapa Nova cave, these
genera were the most abundant in air and bat guano samples (TAYLOR
et al., 2013), including species found in our study, such as A. versicolor
and P. brevicompactum. In the RM3 ferruginous cave located in the Iron
Quadrangle, these genera were also abundant, and A. fumigatus, the
most common causal agent of pulmonary aspergillosis, was isolated
(TAYLOR et al., 2014). Although we did not find A. fumigatus in our survey,
we identified one strain, A. stramenius (CF 4476), which belonged to the

5. Conclusion

In this study, we provide information on the distribution of fungi
belonging to Aspergillus and Penicillium in the caves of Minas Gerais.
Additionally, we provide the perspective for finding new species of
Eurotiales fungi in Brazilian ferruginous and quartzite caves. These
reports on Aspergillus and Penicillium in Brazilian caves are important
toimprove our knowledge of cave biodiversity, as fungi have historically
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