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In a previous study from central India and a recent survey of Pune city we found the presence
of four keratinophilic fungi never recorded earlier from Indian soils. Three of them are Onygen-
alean ascomycetes viz. Aphanoascus saturnoideus,Apinisia recovitzae and Bifidocarpus
cubensis while the fourth one Cryptumbellata terricola is a hyphomycete. The fungi were iden-
tified on the basis of their typical morphology revealed by scanning electron microscopy (SEM).
The geographical distribution of these keratinophilic fungi is expanded, since some are very
rare and have not been recorded anywhere in the world after their first description. B.
cubensis and C. terricola are previously known only from their type locality Cuba and China
respectively. The present study elaborates the morphology of C. terricola by SEM, since the
original description is based on light microscopy.
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INTRODUCTION Ajellomycetaceae, Arthrodermataceae,

Keratinophilic fungi are specialized fungal forms that
mostly live in soil surviving on keratinous
substrate(s) shed by birds, reptiles and mammals.
The survival of these fungi in a particular habitat
largely depends on the availability of keratinous
substrate like feather, hair, skin, hooves etc. The
abundance and distribution of these fungi is
prominent in such locations where there is regular
supply of keratin like public places, burrows,
poultry, barber’s dump etc. True keratinophilic fungi
are mostly confined to single ascomycete
order, the Onygenales, having six families,

Ascosphearaceae, Gymnoascaceae, Nannizzio-
psiaceae and Onygenaceae.

However, members of other groups like
hyphomycetes, zygomycetes and chytrids etc. are
also found to degrade keratin (Karling, 1946, 1947,
1948; Malviya et al, 1992a; 1992b; Rajak et al,
1992; Udagawa and Uchiyama 1999). Several of
the Onygenalean fungi are potential pathogens of
humans and other animals, members of
family Ajellomycetaceae are all pathogenic while
other families have both pathogenic and non-
pathogenic members. Recently, we described two
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new keratinophilic fungi from Indian soil
viz. Auxarthronopsis bandhavgarhensis Sharma,
Graeser and Singh (Sharma et al, 2013)
and Gymnoascus verruculosus Sharma and Singh
(Sharma and Singh, 2013).

Soil is a reservoir of saprophytic fungi capable of
degrading various natural substrates of plant and
animal origin viz. cellulose, lignin, pectin etc. (plants)
and chitin, keratin etc. (animals). Of the natural
substrates, keratin is widespread in urban and rural
settings as well as natural forests. Looking to the
fact that protected forest harbours a wide variety
of wild animals (birds, reptiles and mammals) which
shed keratinous substrates, a study was conducted
in National Parks of Central India which included
Bandhavgarh, Kanha and Pench tiger reserves to
look for yet unrecorded keratinophilic fungal forms.
Recently a new genus Auxarthronopsis was
described from the vicinity of Bandhavgarh National
Park (Sharma et al, 2013). The present
communication reports other keratinophilic
ascomycete Aphanoascus saturnoideus that has
previously never been recovered from Indian soils.

As part of our on-going program to study keratino-
philic fungi in Indian soil, samples were collected
in the city of Pune and analysed for presence of
keratin degrading fungi. The present paper reports
first occurrence of four keratinophilic fungi from
India from our recent findings in Pune city and a
previous study carried in Bandhavgarh National
Park situated in central India.

MATERIALS AND METHODS

Soil was collected in sealed polythene bags using
sterile spatula and brought to laboratory for pro-
cessing. The soil sample was stored at room tem-
perature. Vanbreusegham’s hair baiting technique
was employed for recovery of fungus from soil
(Sharma and Rajak, 2003) and subsequent isola-
tion on SDA medium by micro-dilution drop-trail
method (Sharma et al, 2002) Mature ascomata
were mounted in lacto-phenol and visualized ei-
ther under Nikon E800 light research microscope.
Photomicrographs were taken with either Nikon Hlll
camera. For scanning electron microscopy died
ascomata (peridium) were mounted onto stubs with
the help of double sided tape and photographs
taken by JEOL EM6100 microscope at 10 KV ac-
celerating voltage. A pure culture of the fungus if
obtained was deposited in Microbial Type Culture
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Collection (MTCC), Chandigarh.
RESULTS AND DISCUSSION
Taxonomy

Aphanoascus saturnoideus Cano and Guarro,
Mycological Research 94: 370, 1990. Soil sample
B-26 collected from Uttar Godhi area of
Bandhavgarh National Park, India resulted in a ke-
ratinophilic fungus Aphanoascus saturnoideus.
The fungus was identified on the basis of its typi-
cal Saturn shaped discoid ascospores. The fun-
gus produced numerous pale to dark brown
ascomata on hair-baits as well as on SDA medium.
The fungus is first time being reported from India.

Colony on SDA, initially white turning pale brown-
ish due to formation of numerous ascomata, 9 cm
after 21 days, reverse yellow to orange-brown.
Ascomata numerous, pale brown initially, turning
dark brown. The ascospores are subglobose to
oblate with narrow equatorial ring. The ascospores
appear smooth under light microscope however
they are finely pitted throughout the surface when
viewed under scanning electron microscope (Fig
1a-f). The ascospores of A. saturnoideus are larg-
est among all Aphanoascus species with equato-
rial rim. The species was first described by Cano
and Guarro from Spanish soils in 1990 (Cano and
Guarro, 1990) and subsequently reported from
Japanese soils (Uchiyama et al, 1995; Udagawa
and Uchiyama, 2000). The species forms a dis-
tinct clade among the disc shaped ascospore
forming Aphanoascus species (Cano et al, 2002)
the phylogenetic separation from other species cor-
responds to its morphological distinctness i.e. un-
usually large ascospores.

The identity of Aphanoascus species largely de-
pends on the SEM data because ascospores cul-
turing (as revealed by SEM) is the key to species
recognition apart from molecular evidence. It
seems that the gap between the species
of Aphanoascus known from India and those from
around the world is due to lack of SEM in myco-
logical studies in India. Currently there are 7 spe-
cies of Aphanoascus known in India including A.
saturnoideus out of total 19 species known world-
wide (Cano and Guarro, 1990; Cano et al, 1990;
Pivkin and Khudyakova, 2002; Cano et al, 2002)
making it one of the largest genera of Onygenales.
The other six species known from India are A.
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Fig. 1 : Aphanoascus saturnoideus Cano, and Guarro 1991; a-
Culture front; b-culture reverse; c-smashed preparation of ascus;
d-pitted pattern of a single ascospore (polar view); e-enlarged

view of portion of Fig 1¢c showing ascospores in equatorial view; f

—ascospores polar view.

Fig. 2 : Apinisia recovitzae (Lagarde) Guarro, Cano and de Vroey
1991 (a-d); a-broken ascus with remains of ascus sheath; b-
young and mature ascospores; c-ascospores showing finely
punctate-reticulate walls; d-anamorph Chrysosporium stage.

Durus (Sharma et al, 2006; Deshmukh and
Verekar 2006), A. fulvescens (Singh et al,
2009), A. keratinophilus (Ramesh and Hilda, 1998-
1999), A. punsolae Deshmukh and Verekar,
2006), A. reticulosporus (Sharma et al, 2006)
and A. terreus (Randhawa and Sandhu, 1964; Jain
and Agarwal, 1977; Ghosh and Biswas; 1995;
Saxena et al, 2004; Sharma et al, 2006; Sharma,
2014).

Material Examined

Soil sample B-26, leg Rahul Sharma and ND

Rahul Sharma 37

Fig. 3 : Bifidocarpus cubensis Cano, Guarro and R.F. Castenada
1994 (a-c); a,b-Bifurcating peridial appendages; c-smooth walled
ascospores.

18ky 1,888 16ym

Fig. 4 : Cryptumbellata terricola Udagawa and Uchiyama 1999 (a-
d);a- conidiomata showing perdium like structure; b-close-up of
hyphal wall; c¢,d-conidia

Sharma, 17.10.2006, under rock alongside road,
Uttar Godhi, Bandhavgarh National Park, MP, In-
dia. Living culture MTCC 8694 (with anamorph and
teleomorph stages).

Apinisia recovitzae (Lagarde) Guarro, Cano and
de Vroey, Mycotaxon 42: 199, 1991. a”
Myxotrichum recovitzae Lagarde, Arch. Zool. Exp.
Gen. 53: 280, 1913. Gymnoascus recovitzae
(Lagarde) Lagarde, Arch. Zool. Exp. Gen. 53: 281,
1913.Kuehniella recovitzae (Lagarde) Orr,
Mycotaxon 4: 171, 1976. Fig 2a-d this fungus is
first time recorded from India after its first discover
in 1913 by Lagarde (Guarro et al, 2011). The fun-
gus forms typical asci with sheath around as-
cospores, which are finely and irregularly punctate-
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reticulate (see Fig 2a-c).
Material Examined

Soil sample CBEC 014, leg Rahul Sharma and
Rohit Sharma, 01.V.2014, alongside road, Sangvi,
MS, India. LM slide no. SLPUNOOG slide from horse
hair baited soil (with anamorph and teleomorph
stages).

Bifidocarpus cubensis Cano, Guarro and R.F.
Castenada, Mycotaxon 52: 53, 1994. (Fig. 3a-c).
Bifidocarpus cubensis is the type species of the
genus and has been recorded only once when it
was first described by Guarro et al in 1994 (Cano
et al, 1994; Guarro et al, 1991; Guarro et al, 2011),
from forest soil in Cuba. This is the second report
of the fungus from the world and was observed on
goat dung in soil collected in Hadapsar, Pune city.

Material Examined

Soil sample No. Pune-67, leg Rahul and Rohit
Sharma, 17.05.2014, goat sitting area under trees,
industrial area, Hadapsar, Pune, India. LM slide
no. SLPUNG7, ascomata, asci and ascospores.

Cryptumbellata terricola Udagawa & Uchiyama,
Mycotaxon 70: 186, 1999. (Fig. 4a-d). The
genus Cryptumbellata was recorded only once
when it was first described by Udagawa &
Uchiyama in 19997 with C. terricola as its type spe-
cies isolated from soil associated with beehive
of Vespula collected in China. The fungus showed
keratinophilic activity. The fungus forms
appendaged sporodochia resembling a
gymnothecium which covered the conidia situated
centrally. This is the first reported SEM study of
the fungus ever after its first discovery in 1999,
revealing the spore surface pattern of the fungus
more clearly (Fig. 4c,d). The present specimen
developed sporodochia (Fig. 4a) on horse hair
used as baits in soil collected under Banyan tree
along road side, Pune city; on prolonged incuba-
tion it was overgrown by other saprophytic fungi
and was lost for further isolation from same soil
hair-baited plate.

Material Examined
Soil sample No. Pune-20, leg Rahul & Rohit

Sharma, 08.05.2014, under Banyan tree along
roadside, Ganeshkhind, Pune, India. LM slide no.
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SLPUNO0020, sporodochia, conidia.
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