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Rahul Sharma'**, Ram C. Rajak', Akhilesh K. Pandey' and Yvonne Griser?
"Mycological Research Laboratory, Department of Biological Sciences, Rani Durgavati University, Jabalpur,
482001, MP, India; °Institute of Microbiology and Hygiene, Department of Dermatology, Humboldt
University, Berlin, Dorotheenstr, 96, Germany, * Author for correspondence (e-mail: rahulxsharma@yahoo.
co.in; phone: +49-030-450524063; fax: +49-030-450524902)

Received 20 June 2005; accepted in revised form 19 October 2005

Key words: Microsporum appendiculatum, Conidial appendages, Microsporum gypseum, 1TS-sequence
analysis, Synonymy

Abstract

Recently a new taxon of geophilic dermatophytes was established as Microsporum appendiculatum Bhat
and Mariam, based on the presence of appendaged macroconidia. However, such appendages are already
known in the related species Microsporum gypseum. We conducted a survey of soil in central India as a
part of a microbial biodiversity project and obtained two strains of M. gypseum with appendaged
macroconidia. Using phenotypical characterization in combination with sequencing and restriction
fragment length polymorphism (RFLP) of the Internal Transcribed Spacer (ITS) region of rDNA, we
found that all strains of appendaged species are identical. Therefore M. appendiculatum is regarded as a
synonym of M. gypseum.

Introduction

During the isolation of geophilic, keratinophilic
fungi from different localities in Madhya Pradesh,
India we obtained two dermatophytes which were
striking by the presence of long, thin appendages
on some of the macroconidia. They were mor-
phologically consistent with the recently described
species Microsporum appendiculatum Bhat & Mir-
iam (Miriam and Bhat 1997). This taxon was
separated from the common soilborne dermato-
phyte Microsporum gypseum (Bodin) Guiart &
Grigorakis exclusively on the basis of the presence
of such appendages. The present study was
undertaken to evaluate the validity of M. appendi-
culatum by the use of molecular in addition to

morphological methods. Direct examination of the
fungus was not possible because there exist no type
culture of M. appendiculatum since the original
authors were unable to culture the fungus in
question. Moreover, the only existing type mate-
rial (dried goat dung) was unavailable for study.

Materials and methods

Strains studied

Three hundred and sixty-five soil samples were
collected (as a part of a microbial diversity project

of the Department of Biotechnology [DBT], Govt
of India) in sealed polythene bags from various
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districts of Madhya Pradesh and Chattisgarh with
sterile spatula and brought to the laboratory for
processing. Keratinophilic fungi were selectively
isolated with a hair-baiting procedure (Ajello and
Padhye 1974), with the following modification.
Sterile distilled water containing 250 mg/l chl-
oramphenicol was added to the hair-baited plate
instead of physiological saline. Plates were incu-
bated for 3 weeks at 28 °C in the dark. Two strains
with appendaged macroconidia (FGCC K215 and
FGCC K282) and an Indian isolate without
appendages (FGCC K250) were deposited in the
Mycological Herbarium, Department of Biologi-
cal Sciences, Rani Durgavati University, Jabalpur.
The neotype strain of Arthroderma gypseum CBS
258.61 and the type strain of Arthroderma incurv-
atum CBS 174.64 (M. gypseum is the anamorphic
species of both teleomorphs) were used as refer-
ence strains.

Microscopy

Observations were made in lactophenol cotton
blue mounts using a Nikon Eclipse E800 micro-
scope.

Table 1. Strains of fungi used in the present study

DNA extraction

Fungal strains were maintained on Sabouraud’s
dextrose agar (SDA) slants. DNA was extracted
from cultures grown on SDA plates for 2—3 weeks
at room temperature, following the procedure de-
scribed by Griser et al. (1999).

PCR and RFLP analysis

For ITS-PCR the universal primers LSU266
(5’-gca ttc cca aac aac tcg act ¢) and V9D (5'-tta
cgt ccc tge cet ttg ta) amplifying a DNA fragment
of about 1000 bp of the gene was used (de Hoog
and Gerrits van den Ende 1998). The PCR mixture
contained reaction buffer (10 mM Tris-HCI
pH 8.0-50 mM KCI-1.5 mM MgCl,), 200 pM of
each deoxynucleoside triphosphates (Amersham
Pharmacia Bioteh Inc., Piscataway, NJ, USA),
50 pmol each of primers, 2 U of Taq polymerase
(AmpliTaq, Applied Biosystems), 10% Dimethyl-
sulfoxide (DMSO) and 50 ng of template DNA.
Samples were overlaid with sterile light mineral oil
and amplified through 30 cycles in a thermocycler
(Perkin Elmer 9600) as follows: initial denatur-
ation for 5 min at 95 °C, denaturation for 1 min at

Strain Reference # Status Source Accession #
Arthroderma species

A. borellii (M. amazonicum) CBS 967.68 ST Hair of spiny rat AJ877220
A. cajetanum (M. cookei) CBS 228.58 AUT - AJ970145
A. cookiellum (M. anamorph) CBS 101.83 HT; MT- Soil AMO000034
A. corniculatum (M. anamorph) CBS 364.81 HT; MT + Soil AJ970143
A. fulvum (M. fulvum) CBS 287.55 T Human AJ000627
A. gloriae (Trichophyton gloriae) CBS 663.77 MT- Soil AJ877209
A. grubyi (M. gallinae) CBS 243.66 T; MT + Dog AJ000612
A. gypseum (M. gypseunt) CBS 258.61 NT Soil AJ970141
A. gypseum (M. gypseum) FGCC K250 - Soil AJ970150
A. gypseum (= M. appendiculatum) FGCC K282 - Soil AJ970151
A. incurvatum (M. gypseum) CBS 174.64 T Human AJ970153
A. obtusum (M. nanum) CBS 322.61 T; MT- Human AJ970149
A. racemosum (M. racemosum) CBS 424.74 - Soil AJ970146
A. persicolor (M. persicolor) CBS 468.74 MT- - AJ000615
Anamorphic species

M. duboisii CBS 349.49 T Human AJ970142
M. gallinae (= M. vanbreuseghemii) CBS 300.52 - - AJ000620
M. praecox CBS 288.55 AUT Human AJ970148
M. fulvum (= M. ripariae) CBS 529.71 T Bird nest AMO000035

AUT - authentic strain; HT — holotype strain; MT — mating type strain; NT — neotype strain; ST — syntype strain; T — type strain;
CBS — Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; FGCC — Fungal Germplam Collection Centre, Department

of Biological Sciences, RD University, Jabalpur, India.



95 °C, annealing for 1 min at 55 °C and extension
for 1 min at 72 °C. This was followed by final
extension step for 1 min at 72 °C. Restriction enzyme
analysis of the PCR products was performed using
Mpval. Resulting fragments were -electrophoresed
through 2% MetaPhor agarose gels (BioWhitaker
Molecular Applications Inc, Rockland Mine, USA)
for 2.5 h at 100 V. As reference strains, A. gypseum
and A. incurvatum, were used for comparisons.

Sequencing

PCR products were cleaned with QIAquick PCR
purification kit (Qiagen GmbH, Germany) and
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sequenced using internal primers ITS4 and ITS5
(White et al. 1996) on an automated sequencing
system (Beckman-Coulter, Fullerton, U.S.A.).

Alignment and tree construction

Sequences of close related dermatophyte species
(Table 1) were aligned using CLUSTAL X
(DKFZ, Heidelberg, Germany). Phylogenetic
analysis was performed by Parsimony using PAUP
(v. 4.0b10) (Swofford 2000) under the Kimura 2
parameter model. The robustness of the branches
was assessed by bootstrap analysis with 1000

Figure 1. (a) Microsporum gypseum: One appendaged macroconidium (PH) (400x). bar =30 pm. (c) Macroconidia with and without
appendages (PH) (200x), bar=60 um. (b and d) Long macroconidial appendages tangled together at the periphery of the macro-

conidial cluster (200x), bar =60 pm.
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replicates. Trichophyton gloriae (AJ877209) was
used as an outgroup.

Results

Six of the samples analyzed yielded isolates that
were unambiguously identified as Microsporum
gypseum on the basis of morphology and molec-
ular tools. Incubation of hair-baited plates at
28 °C in the dark for more than 2 months resulted
in desiccation of soil and fungal growth on hair.
The hair was then almost completely digested
by the fungus. Strains provisionally identified
as M. gypseum revealed clusters of 3-8 celled
macroconidia which were fusiform, echinulate,
25 — 60 x 8.5 — 15 um. Two of the strains isolated
from remote sample locations, viz. RS/S/215
(burrow soil near Bandhavgarh National Park,
M.P., India, 16.V1.2001) and RS/S/282 (public
place, Padhar, M.P., India, 19.1.2002), had mac-
roconidia mostly bearing aseptate, unbranched
terminal appendages 45-120 pm in length and
1.0—1.5 pm thick (Figure la—c).
PCR-amplification of genomic DNA of
M. gypseum CBS 258.61, of an Indian M. gypseum
soil isolate, and of the appendage-forming strain
FGCC K282 with primer pair VOD-LSU266 re-
sulted in a nearly 1000 bp amplicon. Restriction
digestion of these amplicons revealed identical
banding patterns (Figure 2). The complete ITSI,
ITS2 and 5.8S region of the appendage-forming
isolate was subsequently compared with 17 se-
quences of strains of closely related geophilic
Arthroderma species with Microsporum anamorphs
and two geophilic anamorphic Microsporum spe-
cies, with a geophilic Trichophyton species as out-
group (Table 1, Figure 3). A tree was constructed
by PAUP 4.0b10 with Parsimony analysis using
the heuristic search option. The appendaged iso-
late (FGCC K282) was 100% identical to an
Indian isolate of M. gypseum (without appendages;
FGCC K250) and about 99% identical with the
ex-neotype strain of 4. gypseum (CBS 258.61). The
bootstrap value of the cluster was 100% (Figure 3).

Discussion

M. gypseum strains occasionally have appendaged
macroconidia (Vanbreuseghem 1951; Stockdale

1963; El-Ani 1969). Miriam and Bhat (1997) recently
introduced a separate species, M. appendiculatum
based only on the presence of macroconidial
appendages for such isolates. Macroconidia were
described as 4 —6-septate, fusiform, echinulate, 10—
60 um x 10—15pum, which is consistent with those
of M. gypseum (de Hoog et al. 2000). Unfortu-
nately no type culture of M. appendiculatum exists
because the original authors were unable to culture
the fungus. Moreover the only type material
available (Herb. GUFH No. 010, on partially
decomposed goat dung) was not sent upon request.
Judging from the original illustrations, macrocon-
idia of M. appendiculatum lack appendages as
long as they are attached to the conidiophores. A
particular percentage of macroconidia develops
appendages after dehiscence. El-Ani (1969) also
noted that the appendages in strains ascribed to
M. gypseum are formed only after the macroconidia
become liberated from the conidiophores. The
dimensions of appendages were also comparable.
These phenomena were also observed in our
appendaged strains. We therefore consider all
strains with appendages on macroconidia to be

-396 bp

-298 bp
-260 bp

-134 bp
-75 bp

Figure 2. PCR-RFLP patterns of strains of M. gypseum from
Central India in comparison to reference strains. Lane I,
Arthroderma incurvatum CBS174.64; Lane 2, A. gypseum
CBS258.61; Lane 3, M. gypseun FGCCK282 (with append-
ages); Lane 4, M. gpseunm FGCCK250 (no appendages).



consistent with the description of M. appendicula-
tum. The function of appendages apparently is to
aggregate the macroconidia (Figure 1b, d), pre-
venting excessive desiccation after detachment. El-
Ani (1969) supposed enhancement of conidial mass
dispersal.

PCR-RFLP profiles of ITS rDNA domains of
strains with and without appendages were identi-
cal to that of the reference strain CBS 258.61
of A. gypseum which is also a macroconidial
appendage forming strain studied by Stockdale
(1963). The second known teleomorph of M.
gypseum, A. incurvatum, proved to be different
(Figure 2). This was confirmed after ITS sequence
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comparison of FGCC K282 (appendage-forming
strain) with related Microsporum species and tele-
omorphs (Figures 3). The strain clustered with
M. gypseum at 100% similarity with the non-
appendaged Indian strain of M. gypseum (FGCC
K250) and at nearly 99% with the ex-neotype
strain (CBS 258.61) of Arthroderma gypseum
(Figure 3). This provides convincing evidence that
appendaged strains should be referred to Micro-
sporum gypseum, and that M. appendiculatum
should be reduced to synonymy.

In general, sexually reproducing species of
geophilic Microsporum and Trichophyton clades,
inclusive of asexual species (e.g., Microsporum

— Arthvodema oblusun (Mcrosponut manua) CBS 322.61
Arthrodemna incuvvatun (Microsporumt gypseun) CBS 174.64

— [Mcmosponunt praecox CBS 28855
—— Arthrodema persicolor (Microsponumt persicolor) CBS 468.74
] Arthroderma gypseuns (V. gypseur) CBS 258.6¢

91 Merosporu gypseunt (without appendages) FGCC K250
Microsporum qypseunt (with appendages) FGCOC K282

Arthvroderma comiceatune (M. anamorph) C8S 364.87
Merosporum ftlvum (SVicrosporun ripaniae) CBS 529.7¢

Arthrodemma fulva (Vicrosporum fulvum) CBS 287.55

100 — Moerosporun duboisi CBS 349.49

100

— 10chanyes

r Microsporunt galinae (Scrospona vandreusegheay) CBS 300.52
L Arthroderma grubyi (M. galirae) CBS 243.66

Arthvodema race mosuat (Microsponrm: racemosum) CBS 924.79

94 Arthroderma cafetanun (Vicrosporum coolei) CBS 228.58

Arthrodemna coolieluwe (M. anamorph) GBS 1071.83

Arthroderma boreli (Vicrosporunt amazonicum) CBS 967.68

Arthrodemma gloriae (Trichophylon gloriae) CBS 66377

Figure 3. Phylogenetic relationship of the appendaged isolate compared to 14 closely related geophilic dermatophyte species. A. gloriae
was used as outgroup. The phylogenetic tree was obtained using ITS rDNA sequences and Parsimony algorithm with Kimura
correction. Bootstrap values above 90% are shown. Two hundred ninety nine out of the 663 characters included were parsimony

informative. The tree was 988 steps. The consistency index was 0.68.
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praecox, Microsporum duboisii (Figure 3), Tricho-
phyton thuringiense and Trichophyton phaseoli-
forme; Gréser et al. 2000; Brasch and Gréser 2005)
are at least 3% distant from each other. The only
exceptions are Arthroderma racemosum and
Arthroderma cajetanum, which have more than
97% ITS similarity to each other. The synonymy
of the geophilic dermatophyte Microsporum
ripariae [Hubalek] to Microsporum fulvum was
confirmed, the ITS sequence of the ex-type strain,
CBS 529.71, being highly similar (98%) to that of
the morphologically similar Microsporum fulvum
(Gréser et al. 2000). The ITS sequences of
Microsporum gallinae and Microsporum vanbreu-
seghemii were found to be 100% identical,
contradicting the apparently profound morpho-
logical and mating-competence divergences
between these fungi (Gordon and Little 1968).
Microsporum ripariae, Microsporum gallinae and
Microsporum appendiculatum all showed more
than 97% similarity to their respective nearest
neighbors.

Acknowledgements

We thank G.S. de Hoog, Centraalbureau voor
Schimmelcultures (CBS) for helpful discussion and
specific comments. Department of Biotechnology
(DBT), Govt. of India is greatly acknowledged for
providing financial assistance for microbial diver-
sity project to R.C. Rajak. Research fellowship
was provided to R. Sharma by Deutscher Aka-
demischer Austauschdienst (DAAD).

References

Ajello L. and Padhye A. 1974. Keratinophilic fungi from
Galapagos Islands. Mykosen 17((10): 239-243.

Brasch J. and Griser Y. 2005. Trichophyton eboreum sp. nov.
isolated from human skin. J. Clin. Microbiol., 43(10): 5230—
5237.

de Hoog G.S. and Gerrits van den Ende A.H. 1998. Molecular
diagnostics of clinical strains of filamentous Basidiomycetes.
Mycoses 41(5-6): 183 —-189.

de Hoog G.S., Guarro J., Figueras M.J. and Gené J. 2000.
Atlas of Clinical Fungi 2nd ed. Centraalbureau voor
Schimmelcultures/Universitat Rovira i Virgili, Baarn/Reus.

El-Ani A.S. 1969. The macroconidium appendage in Micro-
sporum gypseum. Mycologia 61: 511-517.

Gordon M.A. and Little G.N. 1968. Trichophyton (Microspo-
rum?) gallinae ringworm in a monkey. Sabouraudia 6: 207 —
212.

Griser Y., El Fari M., Vilgalys R., Kuijpers A.F.A., De Hoog
G.S., Presber W. and Tietz H.J. 1999. Phylogeny and tax-
onomy of the family Arthrodermataceae (dermatophytes)
using sequence analysis of the ribosomal ITS region. Med.
Mycol. 37: 105-114.

Griser Y., De Hoog G.S. and Kuijpers A.F.A. 2000. Recent
advances in the molecular taxonomy of dermatophytes. In:
Kushwaha R.K.S. and Guarro J. (eds). Biology of derma-
tophytes and other keratinophilic fungi. Revista Iberoamer-
icana de Micologia 17 (Suppl.), (pp 17-21). Bilbao, Pais
Vasco Spain. (ISBN: 84-607-0711-3).

Miriam J. and Bhat D.J. 1997. Microsporum appendiculatum sp.
nov. on goat dung from India. Kavaka 25: 93-94.

Stockdale P.M. 1963. The Microsporum gypseum complex
(Nannizia incurvata Stockd., N. gypsea (Nann.) comb. nov.,
N. fulva sp. nov.). Sabouraudia 3: 114-124.

Swofford D.L. 2000. PAUP: Phylogenetic Analysis Using
Parsimony (and other methods). Version 4.0b10 Sinauer
Associates, Sunderland, MA.

Vanbreuseghem R. and Borgers G. 1951. A propos d’une
souche de Sabouraudites (Microsporum) gypseum isolée en
Congo Belge. Ann. Soc. Belge. Méd. Trop. 31(3): 377-382.

White T.J., Bruns T., Lee S. and Taylor J. 1996. Amplifica-
tion and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. In: Innis M.A., Gelfand D.H., Sninsky
J.J. and White T.J. (eds), PCR protocols: a guide to method
and applications, Academic Press, San Diego Calif, pp.
315-322.



