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Sediments form mountain streams in Brenna (Beskid Śląski) were examined 
for keratinolytic fungi. A rare psychrophilic dermatophyte, Keratinophyton cere- 
tanicus, occurred abundantly in the sediments. The qualitative and qualitative 
compositions of keratinolytic fungi depended on the water contamination with 
sewage and on the contents o f plant organic material, small mineral particles and 
salts in the sediments.

INTRODUCTION

Keratinolytic fungi has been widely recorded form soil and other natural and 
manmade habitats. These microorganisms play a crucial role in the decom position of 
keratin rem nants of hum an and animal origin and form anthropogenic and/or zoogenic 
communities in the environment. As keratinolytic fungi have the potential to attack 
keratinized structures attached to hum an beings and other animals, they can also be 
causative agents of epiderm al mycoses.

In previous papers [18, 19], the occurrence of keratinolytic fungi in m arine and 
freshwater sediments in Spain and Poland was presented. However, no m ountain 
sediments were examined for these microorganisms in Poland. In the present study, 
results on the occurrence of keratinolytic fungi in sediments of m ountain stream s in 
the Beskid Śląski m ountains are presented.

MATERIAL AND METHODS

The study area was close to the experimental area of the Institute for the Ecology of Industrial 
Areas (IETU) in Brenna within the Beskid Śląski mountains (range of the Carpathian Moun­
tains). On the IETU experimental area, there is a monitoring station (49°40’ N; 19°56’ E). The 
altitude of the site is 660 m a.s.l. The compact Norway spruce (Picea excelsa) cover with single 
dispersed beech trees (Fagus silvatica) characterizes both the study and IETU experimental area, 
•he characteristics of these areas are presented in a separate paper [16].

On the study area, three shallow (up to 0.5 m of depth) streams were studied. Five locations 
°f sediment sampling were established. They were the following:



470 К. Ulfig i in.

1. small unnamed stream with one location (1) on the small experimental overflow which is an 
element of the IETU monitoring station; the small stream is a tributary of the Wilczy Potok 
stream;

2. Wilczy Potok stream with two locations (2 and 3); location 2 was on the large experimental 
overflow (another element of the IETU monitoring station) below the inflow of the unnamed 
stream and location 3 was at the inflow of the Wilczy Potok stream into the Leśnica stream;

3. Leśnica stream with two locations (4 and 5); the locations were above and below of the 
inflow of the Wilczy Potok stream into the Leśnica stream.

The sampling locations are illustrated in Fig.l. At locations 3, 4 and 5, sediments were 
sampled once, in August 1995, while at locations 1 and 2 sediment samples were collected four 
times, in October 1994, June and August 1995, and in August 1996.

Fig. 1. The mountain streams with sampling locations in the study area in Brenna
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Sediments were sampled from the superficial layer of stream bottoms (up to 5 cm of depth) 
to plastic bags disinfected with 75% ethyl alcohol and an UV lamp. At each location and 
sampling, ca. 3 kg of sediment was collected from 25 places along the stream banks. These 
subsamples were taken at the distance of roughly 0.5 m from one place to another. This method 
of sampling allowed covering both a high bottom surface and long riverbank for examination. 
Samples were delivered to the laboratory within 3-4 hours, first cleaned form fresh plant 
remnants and stones, then crumbled and thoroughly mixed. The mixed samples were examined 
for microbiological and physico-chemical properties.

Keratinolytic fungi were isolated using the children’s hair baiting method [20]. For each 
mixed sample, 10-20 Petri dishes were set up. In each Petri dish, ca. 30 g of sediment were 
placed and covered with short pieces of detergent-washed and 3 times autoclaved child hair. 
The Petri dishes were incubated for 4-6 months in the dark and cool place (air temperature 
did not exceed 18°C). Sterilized distilled water was periodically added to the dishes to keep 
constant moisture. The developments of fungi on hair bait were examined macro-and micros­
copically at roughly 4-week intervals. In positive cases, fungal strains were isolated on Sabouraud 
glucose agar (SGA) with chloramphenicol (100 mg/1) and on Wiegand agar with chloramphenicol 
(100 mg/1) and actidione (=cycloheximide; 500 mg/1).

The isolated fungi were identified basing upon their macro- and microscopic characteristics. 
Selected taxonomic monographs were used [4, 13]. The keratinolytic abilities of the fungi were 
tested i vitro with the method described previously [19].

The “STATISICA” for Windows program (ANOVA/MANOVA test) was used for statistical 
analysis of the data obtained for dermatophyte macroconidia.

The occurrence of keratinolytic fungi in sediments of mountain streams was characterized 
by the following indices: frequency of isolation of keratinolytic fungi (FI; number of Petri dishes 
positive for keratinolytic fungi divided by the total number of Petri dishes set up x 100%), 
number of species isolated (NS), number of fungal strains (NA), frequency of isolation of 
predominating fungal species ( FIPS; number of stains of a given species divided by the total 
number of fungal strains x 100%) and L index (number of strains divided by the number of 
Petri dishes set up). The abbreviations for the predominating species were TAJ, MGYP, KCER 
and AQ for Trichophyton ajelloi, Microsporum gypseum, Keratinomyces ceretanicus and Arthro- 
derma quadrifidum, respectively.

The following physico-chemical parameters were determined for each sediment sample: 
particle size distribution (PSD) analysis by Casagrande’s aerometric method in Prószyński’s 
modification; pH in НгО (рННгО) by potentiomeric method; conductivity (COND) by electrical 
method; ignition losses at 600 С (IGNL) by gravimetric method; organic carbon (C org) by 
Walklay-Black method; total nitrogen ( N to t )  by Kjeldahl method; total sulphur (S to t )  by Eschka 
method; sulphate sulphur (SSO4) by Bardsley and Lancaster’s method; available phosphorus 
(P2O5) and available potassium (K2O) by Egner-Riehm’s method; heavy metals (Zn, Cd, Pb, Cu, 
Ni and Hg) by atomic absorption method after aqua regia digestion. The C:N ratios were 
calculated.

The following fungal groups were quantitatively examined in sediment samples:

1- Total number of microscopic fungi (TNMF) on malt extract agar (MEA) with chloramphe­
nicol (100 mg/1) at 25 C;

2. Number of actidione-resistant fungi (AF) on Wiegand agar with chloramphenicol (100 mg/1 
and actidione (500 mg/1) at 25 C;

3. Number of mesophilic (MF) and thermophilic fungi (TF) on YpSs agar with chloramphenicol 
(100 mg/1) at 37 and 45 C, respectively. The dilution technique was employed.

The following bacteriological analyses were performed: total number of bacteria (TNB), 
number of mesophilic bacteria (MB), Colstridium perfringens (CP), total coliforms (TC), faecal 
c°liforms (FC) and faecal streptococci (FS). The FC:FS ratios were calculated. Results are
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presented as the most probable number of bacterial cells in 1 or 100 g of sediment dry weight. 
The methods recommended by the Countryside Hygiene Institute in Lublin, Poland [7] were 
used to perform the analyses.

RESULTS

O f 190 sedim ent samples (Petri dishes) examined, 88 (46.31%) samples were found 
to be positive for keratinolytic fungi (Table I). A ltogether, 132 fungal strains from 12 
species were isolated from the sediments, with Keratinophyton ceretanicus, Arthroderma 
quadrifidum  (with its anam orph Trichophyton terrestre), Microsporum gypseum  and 
Trichophyton ajelloi as the predom inating species. The community o f keratinolytic fungi 
in m ountain sedim ents showed high annual and seasonal variations at the locations 
examined. However, T. ajelloi with K. ceretanicus and T. ajelloi with A. quadrifidum  
(anam orph T. terrestre) were always present at locations 1/2 and 4/5, respectively.

The richest keratinolytic mycoflora occurred at location 2 (Table II), with K. 
ceretanicus and M. gypseum  as the predom inating species. A t location 1, the mycoflora 
was qualitatively close but much poorer than at location 2, with lower m ean frequencies 
of the above-m entioned species but with the highest frequency of T. ajelloi. No 
keratinolytic fungi were isolated from sediments at location 3. A t location 4, the 
keratinolytic mycoflora was small, with A. quadrifidum  (anam orph of T. terrestre) and 
T. ajelloi as the predom inant species. The mycoflora at location 5 was richer, with the 
same predom inant species as at location 4.

The highest m ean num bers of total bacteria (TNB), Clostridium perfringens (CP), 
total and faecal coliforms (TC, FC) and the highest FC:FS ratio were noticed at 
location 2 whereas the highest num ber of faecal streptococci (FS) was at location
5 (Table 4). Subsequently, the highest MB value was at location 3. In com parison with 
locations 1 and 2, much lower level of bacterial contam ination was observed at locations
3-5. The highest concentrations of fungal propagules (TNM F, AF, MF, and TF) were 
detected at location 2 while the lowest fungal contam ination occurred at location 1 and
3. The TN M F value at location 1 was also high.

In com parison with sediments at locations 3-5, the considerably higher percent 
content o f small particles characterized sediments at locations 1 and 2. The reaction 
(pH ) of sedim ents at all locations was acidic and varied between 5.02-5.75. The ignition 
losses (IG N L), organic carbon ( C o r g ) ,  total nitrogen ( N TOt )  and total sulphur ( S t o t )  

contents together with the C:N ratios were high at locations 1 and 2 and much lower 
at locations 3-5. Except for the available potassium content (K 2 O ) , the cnductivety 
(C O N D ) together with the concentrations of available phosphorus (P 2O 5) and sulphate 
sulphur was higher at locations 1 and 2 than at the o ther locations. The highest 
concentrations of all heavy metals (Zn, Cd, Pb, Cu, Ni and Hg) were observed at 
locations 1 and 2.

D ue to the rare isolations of K. ceretanicus from the environm ent throughout the 
world, the description of our strains is presented below.

K e r a t i n o p h y t o n  c e r e t a n i c u s  P u n s o l a  e t  G u a r r o

Colonies on PY E at 18°C growing slowly, with a mean daily spread of 0.55-0.75 
mm (average 0.63 mm/day), slightly elevated (up to 1.5-2 mm of height) and irregularly
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T a b l e  I.  The occurrence of keratinolytic fungi in sediments of mountain streams in 
Brenna
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T a b l e  I I .  Mean values of frequencies and indices for growth of keratinolytic fungi in 
mountain sediments in Brenna

regular, fimbriate; reverse pink-orange to orange-red, with the pigm ent diffusing into 
the agar.

Hyphae hyaline, septate, branched, 2-4 /xm thick. R aquet hyphae not observed. 
N um erous macroconidia, long and narrow, hyaline, narrowly fusiform to pencil-shaped, 
trucate a t the base and apiculate at the apex, relatively thin-walled (0.7-1.1 /xm), usually 
borne in dense clusters, 4-15-celled (mostly 8-10-celled), 33-86.1 x 2.7-5 /xm (Fig. 2). 
M icroconidia not observed in both hair and agar cultures.

Fig. 2. Macroconidia of Keratinomyces ceretanicus from sediments of mountain streams in 
Brenna (bar = 20 /u,m)
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No growth noticed at 25°C. Clearly keratinolytic in vitro but no perforation organs 
observed. Slow growth on hair bait, chiefly in Petri dishes without the growth of o ther 
keratinolytic fungi. Very restricted growth on Wiegand medium containing chloram ­
phenicol (100 mg/1) and actidione (500 mg/1). Teleom orph not observed on the 
hair-baited sedim ent samples and when crossing the isolate strains.

M aterial examined: living strain IE T U  (Institute for the Ecology of Industrial A reas) 
1164 and IETU  1165, num erous children’s hair-baited strains.

The differences between T. ajelloi and K. ceretanicus in the length and width of 
macroconidia, the num bers of their cells and in the width of m acroconidial walls were 
statistically im portant. The largest difference between these two species was observed 
in the width of macroconidia. The means and standard deviations for the m acroconidia 
are presented in Table III.

T a b l e  I I I .  Characteristics of macroconidia in T. ajelloi and K. ceretanicus (n = 150)

a -  mean ± standard deviation

DISCUSSION

In general, the frequency of keratinolytic fungi in the sediments of m ountain stream s 
in Brenna was found to be ra ther restricted as com pared with the sedim ent of lowland 
and highland freshwater in Poland [19]. It can be explained by the lack of considerable 
amounts of keratin debris of hum an and animal origin in the forest environm ent [8], 
the poverty of nutrients in acidic coniferous m ountain areas and by the severe m ountain 
conditions in tem perate climate (lower tem peratures, shorter vegetation periods). On 
the other hand, however, the results indicate that these fungi also depended on the 
water contam ination with sewage and on the supply of plant organic m aterial (mostly 
spruce cones, needles and branches), small mineral particles and slats to the sediments. 
An usual community of keratinolytic fungi, included Microsporum gypseum, Keratinop- 
hyton ceretanicus, Trichophyton ajelloi, Arhtroderma quadrifidum  (anam orph T. terrestre) 
and some o ther related species, was associated with those environm ental conditions.

Some authors [3, 11] have em phasised the importance of pH in the distribution of 
keratinolytic fungi in the environm ent. The reaction of m ountain sediments in Brenna 
was acidic and, therefore, favoured T. ajelloi, a world-wide acidophilic derm atophyte. 
The o ther predom inating derm atophyte species, i.e., M. gypseum and T. terrestre, are, 
however, neutro- and alkalophilic but occurred in the sediments with relatively high 
frequencies. The explanation is that the division of the derm atophytes into the reaction 
groups is based on the fungal pH  optim a. In the environm ent, the fungi occur in much 
wider pH  ranges. Nothing is known about the pH  preferences of K. ceretanicus. On 
the basis of the present results, it is hypothesised that the species is acidophilic. 
Generally, because of the small differences in the pH  values between locations, the 
reaction factor seems to have no or little effect on the distribution of keratinolytic 
fungi in the study area.
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T a b l e  I V.  Mean microbiological and physico-chemical parameters for mountain sediments 
in Brenna
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high concentrations of organic m atter, small particles, salts, faecal bacteria and fungal 
propagules.

T. ajelloi occurred at all locations and was rather irrespective of organic m atter 
content. This finding fits the conclusion of Chmel et al. [6]. A lthough A. quadrifidum  
(an. T. terrestre) occurrred at location 2, it’s highest frequencies were observed at 
location 4 and 5. Since the organic m atter contents at these locations were the lowest, 
and since A. quadrifidum  has been reported  as a species preferring habitats with low 
organic m atter content [10], the above distribution of the fungus is quite understan­
dable.

The derm atophytes and related fungi isolated form sediments of m ountain streams 
in Brenna are geophilic species rarely causing epiderm al mycoses in man and animals. 
Am ong them , only M. gypseum is m ore frequently encountered in medical laboratories 
[1]. T he input of sewage to m ountain streams associated with accum ulation of plant 
organic m atter supports spreading and developm ent of the fungus and deteriorates 
the hygienic conditions in the m ountain environment.

K . U l f i g ,  G .  P ł a z a ,  M.  T e r a k o w s k i ,  T .  S t a s z e w s k i

BADANIA GRZYBÓW KERATYNOLITYCZNYCH W OSADACH DENNYCH
GÓRSKICH STRUMIENI. I. DANE UZYSKANE METODĄ PRZYNĘTY WŁOSOWEJ

Streszczenie

Osady denne z kilku górskich strumieni w Brennej (Beskid Śląski) przebadano pod względem 
występowania grzybów keratynolitycznych. W porównaniu z osadami dennymi rzek nizinnych i 
wyżynnych południowej Polski częstość izolowania grzybów keratynolitycznych z osadów górskich 
była niższa. Można to wytłumaczyć stosunkowo małą ilością odpadów keratynowych w środowis­
ku leśnym, ubóstwem składników odżywczych w kwaśnym siedlisku świerkowym oraz ostrością 
górskiego klimatu (niższe temperatury, krótszy sezon wegetacyjny). Na podstawie uzyskanych 
wyników można wnosić, że występowanie grzybów keratynolitycznych w osadach dennych uza­
leżnione było również od zrzutu ścieków, dopływu materii organicznej pochodzenia roślinnego 
i soli mineralnych oraz od zawartości w osadach dennych cząstek pylastych i ilastych, w górskich 
osadach dennych gatunkami dominującymi były cztery dematofity: Keratinophyton ceretanicus, 
Microsporum gypseum, Trichophyton ajelloi i T. terrestre (forma doskonała Arthroderma quadrifi­
dum). К. ceretanicus jest gatunkiem psychrofilnym, przystosowanym do górskich warunków 
klimatycznych. Wśród wyizolowanych grzybów tylko M. gypseum częściej spotykany jest w labo­
ratoriach medycznych. Jego obfite występowanie w osadach dennych, bogatych w materię orga­
niczną, cząstki pylaste i ilaste oraz w drobnoustroje pochodzenia kałowego (bakterie i grzyby), 
pogarsza warunki higieniczne środowiska leśnego i zwiększa ryzyko zakażenia mikroorganizmami 
chorobotwórczymi.
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