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Abstract The prevalence of black fungi in the order
Chaetothyriales has often been underestimated due to
the difficulty of their isolation. In this study, three
methods which are often used to isolate black fungi are
compared. Enrichment on aromatic hydrocarbon
appears effective in inhibiting growth of cosmopolitan
microbial species and allows appearance of black
fungi. We miniaturized the method for high-through-
put purposes. The new procedure saves time,

Handling Editor: Macit Ilkit.

Y. Quan - Y. Kang (IX))

Key Laboratory of Environmental Pollution Monitoring
and Disease Control, Ministry of Education of Guizhou
and Guizhou Talent Base for Microbiology and Human
Health, School of Basic Medical Sciences, Guizhou
Medical University, Guiyang, China

e-mail: kangyingqian@gmc.edu.cn

Y. Quan - P. E. Verweij - S. de Hoog (IX)

Expertise Centre in Mycology Radboud University
Medical Centre/Canisius Wilhelmina Hospital, Nijmegen,
The Netherlands

e-mail: s.hoog@westerdijkinstitute.nl

D. Shi

Department of Dermatology Laboratory of Medical
Mycology, Jining No. 1 People’s Hospital, Jining,
Shandong, China

consumes less space and can process multiple samples
simultaneously.
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Introduction

Black yeasts in the order Chaetothyriales are
renowned for their polyextremotolerance, i.e., survival
under conditions of osmotic, nutrient and toxin stress
[1]. The derived family Herpotrichiellaceae also
contains a large number of species potentially causing
infections in humans [2, 3]. Their prevalence has been
underestimated due to the difficulty of their isolation
in culture, caused by slow growth, low competitive
ability and oligotrophic nature as a result of which they
prevalently occupy (micro)habitats that are hostile to
microbial life [4]. Cell walls in all species are
invariably melanized to enhance protection against
solar irradiation and dryness, while many species
possess pathways for assimilation of monoaromatic
alkylbenzenes [5]. Polyextremotolerance enables
members of Chaetothyriales to reside in highly diverse
habitats and under a wide range of environmental
conditions. A remarkably large share of the known
species are opportunistic pathogens on mammals
including humans and amphibians [6, 7], sometimes
causing disseminated or neurological, potentially fatal
disorders. The route of infection for most of these
fungi is unknown, and therefore, environmental
screening and isolation are essential to enable preven-
tive methods in public health programs.

If the problematic isolation of chaetothyrialean
black yeasts is due to more rapidly growing saprobic
competitors in the samples, methods of selectivity and
enrichment should be developed. In most common
habitats, conventional culturing is not effective [8]. An
oil flotation isolation technique has successfully been
applied to isolate black fungi and relatives from the
environment [9]. This technique applies mineral oil to
selectively recover black yeast conidia. Zhao et al.
[10] applied an enrichment technique proposed by
Prenafeta-Boldu et al. [11] based on solid-state-like
incubations in a controlled atmosphere containing
monoaromatic volatile hydrocarbons, usually toluene,
as sole carbon source [10, 11]. Perlite granule is a very
suitable support for fungal growth (inert material,
highly microporous with the good water holding
capacity of 65%, and can provide the high contrast for
visualization of 66 melanized fungal strains due to its
white color). Besides the volatile substrates for
growth, pH and water activity can also be adjusted
for a selective enrichment of fungi. The method
provided positive results from samples of natural
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environments as well as hydrocarbon-polluted habitats
[8, 10, 12]. The disadvantage of this method is that it is
slow and requires rather large containers (serum flasks
enclosed in glass desiccators to prevent the leakage of
volatile substrates) such that the number of samples
that can be processed per batch is limited. Our aim is to
develop a high-throughput methodology based on the
solid-state-like enrichment on volatile monoaromatic
hydrocarbons for the isolation of black fungi. We
compared the effectivity of conventional culturing, oil
flotation and miniaturized enrichment for the isolation
of two model strains from sterilized compost and from
raw compost which are rich in microbial competitors.

Materials and Methods
Strains and Samples

Exophiala dermatitidis CBS 207.35 was grown for
7 days on malt extract agar (MEA, Oxoid) medium.
Fresh transfers were made on MEA on slants for
7 days at 28 °C. Suspensions were made in sterilized
physiological salt solution with a sterile cotton swab,
and cells were counted using a Neubauer’s chamber.
Cell densities were adjusted to 1 x 10° CFU/mL. An
environmental strain, Exophiala xenobiotica N1 from
an oak railway sleeper in Nijmegen, the Netherlands,
was used according to the same protocol.

About 1 g of sterilized compost (Florentus, Zuid-
wolde, the Netherlands) was transferred to test tubes
containing 9 mL sterilized water. Samples were
homogenized for 1 min in a MoBio vortex and used
as suspension. One mL aliquots of the samples were
spiked separately with 1 mL Exophiala CBS 207.35
suspension and within tubes containing 8 mL steril-
ized water. Cell densities of black yeasts in these tubes
were 1 x 10°. One gram of raw compost was treated
according to the same protocol. Aspergillus fumigatus
V139-36 and Fusarium sp. V179-73 were used for
competition tests in dilutions of 10°~10* CFU/mL.

Isolation Protocols

Method 1: Conventional Culturing Compost and spiked
suspensions were processed as a dilution series: (units:
CFU/mL) 1 x 10,1 x 10*,1 x 10°,1 x 10%. About
0.1 mL of three concentrations (1 x 104, 1 x 10° and
1 x 10%) was pipetted onto a 2% MEA plate containing
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antibiotics (200 U penicillin and 200 pg/L strepto-
mycin). Plates were incubated at 28 °C for 7 days, and
black yeast colonies were counted.

Method 2: Isolation by QOil Flotation Methods
applied were those of Satow et al. [13]. One mL
aliquots of each sample were added to Erlenmeyer
flasks containing 100 mL sterile salt solution (0.9%
NaCl, 200 U penicillin, 200 pg/L streptomycin,
200 pg/L  chloramphenicol, 500 pg/L  cyclohex-
imide). Samples were incubated for 30 min at room
temperature in standstill. Subsequently, 20 mL sterile
mineral oil was dispensed into the flasks and the
solutions were vigorously shaken for 5 min. After
20 min, the interface was collected, formulated into
series concentration suspensions, pipetted onto MEA
plates and incubated at 28 °C for 4 weeks.

Method 3 (Fig. 1): Isolation by Solid-State-Like
Enrichment Sealed jars of 200 mL were sterilized and
filled with approximately 4 g of perlite granules
saturated with 50 mL mineral medium [14]. Forty-
nine mL saline phosphate buffer (8 g/L NaCl, 0.2 g/L
KCl, 1.78 g/L Na,HPO,, 0.27 g/L. KH,PO,4) and 1 mL
sample solution were inoculated into the jars. A small
open glass vial was placed in the middle of the jar. A
toluene gas phase was generated by adding 10 mL of a
5% (v/v) solution of the aromatic substrate in dibutyl
phthalate to the glass vial. Jars were sealed airtight
with plastic bag matching cover and incubated at room
temperature for 2 months. After opening the jars,
0.1 mL aliquots of 10*, 10° and 10? dilutions of each

sample were inoculated in duplicate on 2% MEA
plates containing penicillin and streptomycin and
incubated at 28 °C. Fungal growth was observed
daily, and black yeast-like and contaminating colonies
were counted. This part of the experiment is carried
out in a safety cabinet to avoid the contamination of
toluene.

Competition

Competitive ability was tested with two fungi com-
monly occurring in compost (Aspergillus fumigatus
V139-36 and Fusarium sp. V179-73) selected to
represent fast-growing fungi. Conidial suspensions
(10°-10%) of Exophiala dermatitidis CBS 207.35 and
of the selected contaminants were made by a dilution
series (10°~10% CFU/mL). Using conventional cultur-
ing, at each concentration, CBS 207.35 was inoculated
together on agar plates with A. fumigatus and Fusar-
ium sp., respectively, each at varying cell densities
(10°-10° CFU/mL) and at distances of 20 mm.
Expansion growth was measured daily until E.
dermatitidis was completely covered by the
competitor.

Results

Eight sample types were processed: two black yeast
strains without treatment as control of viability and

l

|

A

Fig. 1 The schemes of Method 3. a The glass vial with toluene
gas. b 200-mL sealed jar with 4 g of perlite granules saturated
with 50 mL mineral medium, glass vial was set in the middle of

B C

jars, and sample was inoculated into the jar. ¢ 10*, 10* and 107
dilutions of each sample
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CFU count, and raw and sterilized compost, with or
without spiking by Exophiala dermatitidis CBS
207.35 and Exophiala xenobiotica N1. Parameter of
successful isolation was the number of CFUs after 7 or
14 days of incubation at room temperature for Meth-
ods 1 and 2 or after 2-month incubation at room
temperature for Method 3. Results are summarized in
Table 1.

Positive growth controls of E. dermatitidis CBS
207.35 when suspended from cell density 1 x 10*
CFU/mL showed countless colonies for all three
methods. Upon dilution 10x and 100 , CFUs were
countable with all methods. Highly similar results
were obtained with strain E. xenobiotica N1 with three
methods.

Raw compost initial suspension and 10 x dilution
yielded a large number of contaminant fungi rapidly
covering the entire plates, without appearance of black
fungi. At 1 x 10? dilution, the number of CFU was
roughly estimated to be slightly higher with Method 1

than with Method 2. However, with Method 3 only 13
colonies of contaminants survived at the initial
compost concentration, while with 10 and 100x di-
lution no fungal growth was observed.

Sterilized, un-spiked compost showed no growth.
When spiked with CBS 207.35 or N1 at a concentra-
tion of 1 x 10*, low numbers of Exophiala colonies
were recovered with Methods 1 and 2, decreasing to
zero at cell density 10% (Table 1). With Method 3,
yields of the two tested black yeasts were in the same
range as with pure suspensions.

Subsequently, samples of raw compost were spiked
with strains CBS 207.35 or NI1. At cell densities
1 x10* and 1 x10?, countless colonies of fast-grow-
ing fungi appeared with Methods 1 and 2. At cell
densities 1 x 107, numbers of fast-growing fungi were
lower when testing CBS 207.35, and two colonies of
E. dermatitidis appeared with Method 1. However,
with Method 3, countless colonies of exclusively the
target black yeasts CBS 207.35 and N1 were obtained

Table 1 Yield of colonies growing on MEA medium after applying three isolation methods

Sample Cell density (CFU/mL) Method 1 Method 2 Method 3

Sterilized compost Undiluted 0 0 0

Raw compost Undiluted (O) countless (O) countless 0) 13
10x (O) countless (O) countless 0
100x )5 )7 0

CBS 207.35 10* (B) countless (B) countless (B) countless
10° (B) 72 (B) 26 (B) countless
107 B) 5 (B) 6 (B) 61

CBS 207.35 + SC 10* B) 11 B) 6 (B) countless
10° (B) 2 0 (B) countless
10? 0 0 (B) 50

CBS 207.35 + RC 10* (O) countless (O) countless (B) countless, (O) 2
10° (O) countless (O) countless (B) countless
107 (B) 2, (0) 3 0) 1 (B) 19

N1 10* (B) countless (B) countless (B) countless
10° (B) 60 (B) 37 (B) countless
10% B) 10 B) 4 (B) 90

N1 + SC 10* (B) countless (B) countless (B) countless
10° (B) 45 (B) 35 (B) countless
10° B) 5 B)2 (B) 47

N1 + RC 10* (O) countless (O) countless (B) countless
10° (O) countless (O) countless (B) countless
10? (O) countless (O) countless (B) 55

B black target fungi, O other fungal contaminants, RC raw compost, SC sterilized compost
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at spiked concentration 1 x 10> and 1 x 10*. At density
10, the targeted fungal CFUs were slightly lower, but
still competitive with those obtained in Method 1 and
Method 2. And only two colonies from the contam-
inated compost fungi were found in all experiments
with Method 3.

In the competition experiments, no zones of inhibi-
tion were observed between Aspergillus/Fusarium and
Exophiala. Growth velocities of Aspergillus and Fusar-
ium are 9 x and 7 x faster than that of Exophiala,
respectively. When suspended at an equal cell density,
Aspergillus and Fusarium overgrew Exophiala com-
pletely before the colonies of the latter had appeared.
With Exophiala at a high cell density (10°) and
Aspergillus or Fusarium at low cell densities (10%),
black yeast colonies were visible and separate, but
colonies of Aspergillus or Fusarium quickly dominated
and covered Exophiala after 5 days (Fig. 2).

Discussion

Exophiala is a genus of black yeasts known for its
frequent occurrence in human infection [6]. The
members of the genus are more likely to be oppor-
tunistic rather than pathogenic, as is judged from their
environmental occurrence with life cycles where
animal hosts do not play a significant role. As one of
the possible explanations of their infective ability,
their toxin management with an expansion of
cytochrome P450 genes has been suggested [15]. This
adds to their survival of conditions of osmotic stress
and limited nutrient availability. Gostincar et al.
summarized these abilities under the term ‘polyex-
tremotolerance’ [1]. Gueidan et al. and Teixeira et al.
hypothesized that the evolutionary origin of this
behavior might have coevolved with ants [16-18],
which produce phenylacetic acid and other monoaro-
matic hydrocarbons from their exocrine glands as
antibiotics in view of hygiene in their nests [19, 20].
Possibly, the genes required to deal with these toxic
monoaromatic compounds have enabled management
of a larger spectrum of related compounds, e.g., in
creosote-treated railway sleepers [21], gasoline-pol-
luted environments [22] or in air biofilters treating
industrial exhaust gases containing volatile alkylben-
zenes [23]. Decomposing cellulosic plant material is
rarely inhabited by black yeasts, unless it is excep-
tionally rich in lipids, esters and alcohols [8] or tannins

of degrading hardwood [24] and, hence, less easily
accessible to common saprobes.

Extremotolerance can be understood as a way to
escape competing microbes in the same habitat.
Extreme habitats are usually poor in the number of
species, but rich in the number of individuals surviving
prevailing conditions. We analyzed compost as a
highly competitive, non-extreme habitat by calculat-
ing survival rates via an extreme isolation step.

From raw compost, no black fungi were isolated
with any of the three methods applied. When spiked
with our model strains, Method 1 (conventional
culturing) and Method 2 (oil flotation) yielded
numerous cosmopolitan fungi present in the compost,
while no black yeasts were recovered. Conventional
culturing on general nutrient media allowed abundant
growth of common compost fungi in Aspergillus and
Fusarium. The used medium contained antibiotics to
suppress bacterial growth, but was otherwise non-
selective for fungi, in contrast to the classically
applied media containing cycloheximide to specifi-
cally suppress fungal growth. This enabled to evaluate
the recovery efficiency of our proposed Method 3
based on a solid-state-like enrichment in a toluene
atmosphere.

Oil flotation isolation has been used by many
researchers to isolate black yeast from environment
[9, 13, 25, 26]. The principle of this method is
hydrophobic interaction with hexadecane as an
extraction agent, fungal cells collecting in the oil/
water interface [13]. The latter authors obtained 107
black yeasts from only three samples of aromatic
hydrocarbon-contaminated soil. The ratio is much
higher than most preceding studies, presumably
because the samples were already selective by their
hydrocarbon content. In the present study, raw com-
post was used, a habitat containing numerous fast-
growing competitors. Even after spiking with CBS
297.35, no black yeasts were recovered with conven-
tional Methods 1 and 2. The competition experiment
demonstrates that Exophiala is easily overgrown by
rapidly expanding contaminants. These are inhibited
in Method 3 where just toluene is present as source of
carbon, enabling Exophiala to grow using its toluene
degradation pathway [15]. Exophiala xenobiotica is
known to degrade toluene (Prenafeta-Boldu et al.
[11]). Some proteins that are associated with the
toluene degradation pathway are also present in E.
dermatitidis (https://genome.jgi.doe.gov/portal/).
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Fig. 2 Results of competition experiment. a E. dermatitidis
mixed with Aspergillus at the same cell density (10%. b E.
dermatitidis mixed with Fusarium at the same cell density (10%).
¢ High cell density of E. dermatitidis (10°) mixed with low-cell-
density Aspergillus (10°). d High cell density of E. dermatitidis

Method 3 is based on the selective technique
developed by Prenafeta-Boldi et al. [11] and explored
further by Zhao et al. [10], but miniaturized in the
present study for high-throughput purposes with the
tested Methods 1 and 2 using un-spiked or spiked
samples. Countless colonies of cosmopolitan fungi were
observed and no or very few black yeast colonies were
obtained, but with the Method 3 fast-growing fungi were
efficiently suppressed and black yeasts grew prolifi-
cally. Therefore, it has effectively been proven that
Method 3 can selectively isolate black fungi from
nutrient-rich environmental samples, such as compost,
which contain a wide diversity of fungi. When E.
dermatitidis CBS 207.35 was mixed with sterilized
compost, colony counts were lower than with pure
suspensions, as well as in relation to those from the
fungus E. xenobiotica N1. Possibly, compost contains
compounds or secondary metabolites produced by other
microbes that inhibit growth of E. dermatitidis.

@ Springer

(10%) mixed with low-cell-density Fusarium (10%). e Inoculated
at distances of 20 mm, E. dermatitidis and Aspergillus.
f Inoculated at distances of 20 mm, E. dermatitidis and
Aspergillus

In conclusion, the main reason why black yeasts are
difficult to isolate from the environment seems to be
their slow growth rate and their inability to inhibit
fungal competitors under standard laboratory condi-
tions. They are easily suppressed and overgrown by
common fast-growing fungi in under non-limiting
conditions for microbial growth. Therefore, conven-
tional culturing has a low efficiency for this particular
group of fungi, while creating selective pressure based
on the direct exposure to vapors of toxic alkylbenzenes
proves to be highly effective. High-throughput isola-
tion of black yeasts may help to understand the
presence and role of these fungi in natural and polluted
environments and to uncover potential routes of
infection and their significance to public health.
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