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Abstract

Two strains of a hew species of meristematic fungi, described as Phaeotheca triangularis, were isolated from
moisteners of air-conditioning systems. The species is believed to be related to dothideaceous black yeasts. Its
morphology, ultrastructure and nutritional physiology are reported.

Introduction

In the course of a study of fungi occurring in humidi-
fiers of air-conditioning systems by one of the authors
(H.B.), a meristematic black yeast was encountered
which produced triangular endoconidia. 1t could not
be identified as any known species.

Black yeast-like fungi commonly inhabit water
which is poor in nutrients. Members of the genus
Exophiala Carmichael have been found in humidi-
fiers (Nolard et al. 1986; Nishimura & Miyaji 1982)
and occur relatively often, though in low abundance,
in bathing facilities (Nishimura et a. 1987). Human
infection, particularly in patients with cystic fibrosis,
may take place through inhalation of moist aerosols
packed with fungal propagules (Haase et a. 1994).
Black yeastsclassified in AureobasidiumViaa& Boy-
er are aso regularly found on damp walls (Adan
1994). The two genera are known to be unrelated,
judging from the taxonomic position of Ascomycete
teleomorphs: Exophiala is linked to the family Her-
potrichiellaceae (Untereiner 1994), and Aureobasidi-
umto the Dothideaceae (DeHoog & Yurlova1994).0n
the basis of ribosomal DNA phylogeny, the two fami-
liesarefound at alarge distance from one another and
have recently been classified in two separate orders,
viz. the Chagetothyriales and Dothideal es, respectively
(Spataforaet al. 1995; Haase et al. 1995).

The taxonomy and identification of meristematic
black yeasts is problematic due to their pleoanamor-
phism and poor differentiation. Meristematic growth
forms have been reported from both the Herpotrichiel -
laceae and the Dothideaceae. Conversion towards iso-
diametric expansion can beinducedin hyphal or yeast-
likethalli of Herpotrichiellaceaeby environmental fac-
tors such as acidification of the culture medium (Men-
dozaet al. 1993); similar observationshave been made
in Dothideaceae (De Hoog et al. 1997). In some cases
these may be stable mutants (Matsumoto et al. 1986).
Thus, black meristematic fungi may belong to both
groups of black yeasts, but their poor differentiation
does not allow assignment to either family onthe basis
of morphology alone. DeHoog et al. (1997) introduced
additional molecular and physiologica methodsfor the
classification of little-differentiated black fungi, and
found that one of the key charactersfor distinguishing
herpotrichiellaceous from dothideaceous black yeasts
isthe production of extracellular DNAse.

The present fungus has been compared to type
strains of meristematic black yeasts using morpho-
logical and physiological criteria, supplemented with
data on PCR-RFLP of amplified parts of the riboso-
mal repeat reported by Wollenzien et a. (1997). It
was found to be a new species. Morphologically the
species fits the genus Phaeotheca Sigler et al. (1981).
It is described below as Phaeotheca triangularis.
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Materials and methods

Isolation, morphology, cultural characteristics and
identification. Strains were swab-isolated from the
walls of two humidifiersin an office building. Swabs
were inoculated onto 2% malt extract agar (MEA)
with 0.05% chloramphenicol and incubated at 24 °C.
Subcultures were grown on potato carrot agar (PCA),
4% MEA and oatmeal agar (OA) at room tempera-
ture. Slides were made in water, in mucicarmine and
Shaffersjet-black ink for the visualization of capsules
and in Melzer's reagent for the detection of starch-like
compounds. Identification of strains was also done by
comparison of RFLP patterns of ribosomal amplicons
with morphologically similar strains; these results are
reported by Wollenzien et al. (1997).

Physiology. Nutritional physiology and tolerance
tests were based on the methods described by Van der
Walt & Yarrow (1984) and adapted for black yeasts by
deHoog et a. (1995) and Wollenzien et al. (1997).

Ultrastructure. Cells were fixed with aqueous
KMnO,4 for 30 min at room temperature. The pel-
lets, centrifuged in Beem capsules, were dehydrated
in an ethanol series, stained with 1.5% urany| acetate
for 2 h at the 50% ethanol step and finally embedded
in Spurr’s resin. Ultrathin sections were post-stained
with Reynold's lead citrate for 10 sec and examined
with a Philips EM 201 electron microscope at 60 kV.

Results and discussion

Phaeothecatriangularis de Hoog & Beguin, sp. nov. —
Figures1-7

Coloniae in agaro farina avenae confecto olivaceae
ad atrae, punctiformes, madidae, lucidae, post 5 dies
minusquam 1 mm expandentes. In agaro maltoso (4%)
coloniae atrae, mucidae, minute lobatae, in medio pul-
vinatae; deinde exsiccantes; margo acutus, lobatus; ad
7 mm diam. post 10 dies, post 60 dies non magis quam
10 mm (inagaro farinae) vel 20 mm (in agaro maltoso)
diametro attingentes. Cellulae germinantes inflatae,
halteriformes, mox septatae, primumtransversedeinde
undiquedivisag, acervoshyalinos, multicellulares, ver-
rucosos, 40-70 ym diam formantes, deinde corpora
conspicue lobata et in granula minora ca 20 pm diam
dilabentia. Acervi in maculis olivaceo-brunneis mat-
urantes, rupta endoconidia liberantia. Conidia levia

et fere crassitunicati, olivaceo-viridia, late ellipsoidea,
primum 5.5-7.0 x 4.5-5.5 um, saepeinaequil ateraliter
applanatavel triangularia, deindead formam globosam
inflata et septata.

Holotypus CBS 471.90, exsiccatus et vivus, isola
tusaH. Beguin ex apparatu humidificationisBruxelliae
in Belgio, Mart. 1990.

Cultureson OA olivaceoustojet-black, punctiform,
moigt, glistening with oily shimmer, lying on the sur-
face of the substrate, with less than 1 mm expansion
growth in 5 d; on 4% MEA jet-black, dimy, fine-
ly lobed, sometimes becoming cushion-shaped at the
centre, later dull, dry; margin sharp; attaining 7 mm
diam in 10 d; maximum diam after 2 month incu-
bation 10 (OA) - 20 (4% MEA) mm. Cells swelling
after inoculation, becoming dumbbell-shaped, soon
becoming septate, first transversely and soon after-
wardsin al directions, enlarging to hyaline, multicel-
[ular, cauliflower-like clumps, average diam 40—70 um
on 4% MEA, becoming strongly lobed and repeated-
ly disarticulating into smaller clumps about 20 um in
diam. Cellular clumps maturate by some cells becom-
ing olivaceous-brown, the cells soon rupturing and lib-
erating endoconidia. Conidiasmooth- and rather thick-
walled, olivaceous green, broadly ellipsoidal, 5.5-7.0
x 4.5-5.5 umdirectly after liberation, often unilateral -
ly flattened up to triangular, soon swelling to spherical
before becoming septate. Physiological properties are
listed in Table 1.

Holotype: CBS 471.90, dried culture preserved at
Centraalbureau voor Schimmelcultures, Baarn, The
Netherlands; type culture CBS 471.90, isolated by
H. Beguin from humidifier of air-conditioning system,
Brussels, Belgium, March 1990.

Liberated conidia of Phaeotheca triangularis
swell and develop a median septum, having
a Schizosaccharomyces-like appearance. Further
swelling and the development of oblique septais not-
ed until a maximum diam of 40-70 um is attained.
The resulting multicellular clumps are first hyaline
and have septa in all directions. Subsequently, dark
brown, unilaterally flattened or triangular endoconidia
become visible which are liberated by deterioration of
the mother cell wall. Thisjustifies classification of the
species in Phaeotheca Sigler et a. (1981). The meris-
tematic clumpsin Phaeothecafissurella Sigler etal. are
smaller and liberate spherical endoconidia(de Hoog &
Rubio 1982).

Thehyaline meristematic cell clumpsaresimilar to
those of BotryomycesdeHoog & Rubio (1982), but that
species does not produceendoconidia. Unlike Sarcino-
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Figure 1. Sarcinomyces triangularis, CBS 471.90. a. Young hyphal element, 10-day-old culture on OA; b. Hypha with meristematic conversion,
10-day-old culture on OA; c. Liberated meristematic clump of cells, 10-day-old culture on MEA; d. Endoconidiain various stages of meristematic

conversion; 10-day-old culture on MEA.

myces crustaceus Lindner (Sigler et al. 1981), P. trian-
gularis does not produce blastic conidia. Phaeosclera
dematioides Sigler et al. (1981) is strictly hyphal with
intercalary cell clumps and without conidia.

Physiologically (Table 1; compare also De Hoog et
al. 1997) the species differs from Phaeotheca fissurel-
la by assimilation of L-rhamnose, meso-erythritol,
ethanol and nitrite. Botryomyces caespitosus assim-
ilates myo-inositol and citrate but not D-gluconate
and DL-lactate. Sarcinomyces crustaceus assimilates
glucono-é-lactone and D-glucuronate. Phaeosclera
dematioides does not assimilate melibiose and D-
gluconate.

Patterns of PCR-RFLP of SSU ampliconsof P. tri-
angularisdeviated from all those derived from compa-
rable type strains having NS1-NS24 amplicons about
1800 bp in length (Wollenzien et al. 1997).

De Hoog et al. (1997) made a distinction between
meristematic and other black yeast species of her-
potrichiellaceous and of dothideaceous relationship.
In the absence of teleomorphs, this was based on thal-
lus karyology and maturation, coenzyme Q systems,
ultrastructure, PCR-ribotyping patterns and physiol-

ogy. The production of extracellular DNAse proved
to be a key character for the recognition of the two
groups, having nearly 100% predictive value. The
present species is DNAse positive, suggesting a doth-
ideaceous relationship. This is matched with ribotyp-
ing patterns (Wollenzien et al. 1997). In addition, the
absence of Woronin bodies at the septa of the present
species (Figures 8, 9) is consistent with its classifica
tion in the Dothideaceae.

The species was encountered on the wetted sides
of two humidifier tanks in the same building. This
suggests a moist environment poor in nutrients as its
natural ecological niche. The source of isolation and
the easy growth on nutritionally poor agar mediaallow
the supposition that the species is oligotrophic. De
Hoog et a. (1997) suggested awide occurrenceof olig-
otrophism in meristematic black yeasts on the basis of
observed growth in mediawithout additional nutrients.
In negative controls cellular increase is maintained for
long periods at nearly the same level as observed in
glucose, differences becoming only explicit after over
30 days of incubation. This property might explain
the relative abundance of black yeastsin environments



Figures 2-5. Sarcinomyces triangularis, CBS 471.90. (2, 3) Young meristematic clumps of cells, x 500; (4) Maturating meristematic clumps of
cells, x 650; (5) Endoconidia in various stages of swelling, x 2400.
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Figures 6, 7. Sarcinomyces triangularis, CBS 469.90. Meristematic clumps of cells, the upper one liberating an endoconidium, x 24.000.
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Table 1. Physiological profile of Phaeotheca triangularis

469.90 471.90 469.90 471.70
D-Glucose + + keto-5-Gluconate + +
D-Galactose + + D-Gluconate + +
L-Sorbose + + D-Glucuronate - -
D-Glucosamine - - D-Galacturonate - -
D-Ribose + + DL-Lactate + +
D-Xylose + + Succinate + +
L-Arabinose + + Citrate
D-Arabinose + + Methanol - -
L-Rhamnose + + Ethanol + +
Sucrose + + Nitrate + +
Maltose + + Nitrate + +
a, a-Trehaose + + Ethylamine w +
methyl-a-D-Glucoside + + L-Lysine - w
Cellobiose + + Cadaverine + +
Sdlicin - w Creatine w w
Arbutin - - Creatinine w w
Méelibiose + + 5% MgCl, + +
Lactose + + 10% MgCl, + +
Raffinose + + 5% NaC1 + +
Méelezitose + + 10% NaCl + +
Inulin w w 0.01% Cycloheximide -
Sol. starch - w 0.1% Cycloheximide - -
Glycerol + + Mycosel
meso-Erythritol + + Urease - -
Ribitol + + Melzer + +
Xylitol + + 30C - -
L-Arabinitol + + 37C - -
D-Glucitol + + 40C - -
D-Mannitol + + Fermentation -
Galacitol + + Gelatin
myo-Inositol - - DNAse +
Glucono-d-lactone - Substrate Water Water
such as humidifiers and bathing facilities. The black References

yeast Aureobasidium pullulans (De Bary) Arnaud also
invades moist surfaces (Adan 1995). It is common in
environments with high water activity, such as lake
water (Slavikovaet al. 1992), but also with low water
activity, for examplein mattressdust (Beguin 1995). A
similar species, Hortaea werneckii (Horta) Nishimura
& Miyagji, sharesthis ecological spectrumin occurring
on moist surfaces (Gottlich et a. 1995), in water (De
Hoog & Gerrits van den Ende 1992), and in house
dust (Miyaji et a. 1993). Common eco-physiological
factorsin these species are thus oligotrophism and tol-
erance of awide range of osmotic pressures. De Hoog
& Yurlova (1994) listed halotolerance as one of the
predominant charactersin dothideaceous black yeasts.

Adan OCG (1995) On the fungal defacement of interior finishes.
Thesis, Technical University, Eindhoven

Beguin H (1995) Mould diversity in homes I1. Analysis of mattress
dust. Aerobiologia 11: 3-10

Gottlich E, DeHoog GS, Yoshida S, Takeo K, NishimuraK & Miyaji
M (1995) Cell-surface hydrophobicity and lipolysis as essentia
factors in human tinea nigra. Mycoses 38: 489494

Haase G, Pfeiffer A & De Hoog GS (1994) Studies on black yeasts
from bathrooms. Abstr. X1 ISHAM Congress, Adelaide, p. D61.

Haase G, Sonntag L, Van de Peer Y, Uijthof JMJ, Podbielski A
& Melzer-Krick B (1995) Phylogenetic analysis of ten black
yeast species using nuclear small subunit rRNA gene sequences.
Antonie van Leeuwenhoek 68: 19-33

Hoog GS de, Guého E, Masclaux F, Gerrits van den Ende AHG,
Kwon-Chung KJ& McGinnis MR (1995) Nutritional physiology



and taxonomy of human-pathogenic Cladosporium-Xylohypha
species. J. Med. Vet. Mycoal. 33: 339-347

Hoog GSde & Gerritsvan den Ende AHG (1992) Nutritional pattern
and eco-physiology of Hortaea werneckii, agent of human tinea
nigra. Antonie van Leeuwenhoek 62: 321- 329

Hoog GS de, Gerrits van den Ende AHG, Boos C, Uijthof IMJ &
Gené J (1997) Taxonomy of meristematic black yeast-like fungi
(in prep.).

Hoog GS de & Rubio C (1982) A new dematiaceous fungus from
human skin. Sabouraudia 20: 1-15

Hoog GSde& YurlovaNA (1994) Conidiogenesis, nutritional physi-
ology and taxonomy of Aureobasidiumand Hormonema. Antonie
van Leeuwenhoek 65: 41-54

Matsumoto T, Padhye AA, Ajello L & McGinnis MR (1986) Sarci-
nomyces phaeomuriformis: anew dematiaceous hyphomycete. J.
Med. Vet. Mycaol. 24: 395-400

Mendoza L, Karuppayil SM & Szaniszlo PJ (1993) Calcium regu-
latesinvitro dimorphismin chromoblastomycoticfungi. Mycoses
36: 157-164

Nishimura K & Miygji M (1982) Studies on a saprophyte of
Exophiala dermatitidis isolated from ahumidifier. Mycopatholo-
gia77: 173-181

Nishimura K, Miyaji M, Taguchi H & Tanaka R (1987) Fungi in
bathwater and sludge of bathroom drainpipes. |. Frequent isola
tion of Exophiala species. Mycopathologia 97: 17-23

Miyaji M, NishimuraK & Takeo K (1993) IFM List of Pathogenic
Fungi and Actinomycetes. Chiba University, Chiba

295

Nolard-Tintigner N, Beguin H & Vunckx K (1986) Mesures quantita-
tives et qualitatives de moisissures del’ environnement. In Molina
C (ed.): Maladies des Climatiseurs et des Humidificateurs. Col-
log. INSERM 135: 193-202

Sigler L, Tsuneda A & Carmichael JW (1981) Phaeotheca and
Phaeosclera, two new genera of dematiaceous hyphomycetes
and a redescription of Sarcinomyces Lindner. Mycotaxon 12:
449-467

Slavikova E, Vadkertiova R & KockovaKratochvilova A (1992)
Yeasts isolated from artificial 1ake waters. Can. J. Microbiol. 38:
1206-1209

Spatafora JW, Mitchell TG & Vilgalys R (1995) Analysis of genes
coding for small-subunit rRNA sequences in studying phyloge-
netics of dematiaceous fungal pathogens. J. Clin. Microbiol. 33:
1322-1326

Untereiner WA (1994) A simple method for the in vitro production
of pseudothecia in species of Capronia. Mycologia 86: 290-295

Walt JPvan der & Yarrow D (1984) Methods for theisolation, main-
tenance, classification and identification of yeasts. In: Kreger-van
Rij NJW (Ed) The Yeasts, a Taxonomic Study. 4th ed. (pp 45—
104) Elsevier, Amsterdam

Wollenzien U, De Hoog GS, Krumbein W & Uijthof JMJ (1997)
Sarcinomyces petricola, anew microcolonial fungusfrom marble
in the Mediterranean basin. Antonie van Leeuwenhoek 71: 281—
288



