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The abilities and keratinolytic activity of saprotrophic microfungi (37 strains) have been
investigated. Uniform criteria for the evalvation of this activity have been established.
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INTRODUCTION

Waste feathers are a valuable organic waste due to their high keratin
protein contents. When feathers comprise 10% the total mass of raw material

(Statistical Year-book 1992) the annual production ol waste [eathers [rom
broilers only in Poland amounts to 40 000 tons. The main difficulty in their
processing 1s the msolubility of feathers caused by the presence of keratin,
Le. protein belonging to the scleroprotein group. Keratin resistance to chemi-
cal agents and enzymatic lysis (proteases) 1s mainly attributed to the pres-
ence of numerous disulfite bonds. So far the main direction in feather utiliza-
tion has been the production of poultry fodder. However, when compared
to other protein fodder types, feather meal obtained by thermohydrolysis is
characterised by the lowest index of digestibility of amino acid for poultry
(Normy Zywienia Drobiu, 1992). A considerable amount of feathers, difficult
to estimate as it comes from small slaughter farms (without any waste utiliza-
tion facilities), 1s totally wasted in the waste removal areas or 1s ploughed
into felds. This latter practice 15 dangerous for the soil environment and
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both human and amimal health. It 1s well known that during uncontrolled
keratin decomposition, especially by anaerobic bacteria, large quantities of
toxic substances, among others, hydrogen sulfite are released.

In the light of these facts the problem of searching for alternative methods
of utilization and neutralisation of feathers and other by-products from animal
breeding, processing and handling (Klasyfikacja odpadow. JOS, 1995) is very
important. In the last few years such methods as microbiological processing of
waste with high keratin content have aroused a lot of interest. This can be seen

from the research done on the use of some keratinolytic Procarvota, w.e, proper
bacteria and actinomycetes (Elmavyergi, Smith 1971; Martin.
S0 1979, Daler, Neitcher 198]; Wiliams, Shih 19838 Wil-
ltams et al. 1990: KatuzewskaWawrzkiewicz. Loba-

rzewski 1991; Lin et al. 1992). Less interest in this respect i1s given to
fungi (Malviyaetal 1982, Nigam, Kushwaha 1989 Waw-
rzkiewicz, Wolskiy,, Lobarzewski 1987), even though these
organisms are capable of decomposing complex organic matter. The ability to
use raw keratin as a full-value substrate 1s shown by the so-called keratinop-
hilic fungt — a specialized group that comprises both anmimal and human
parasites and saprophytic species found in the soil environment.

The aim of the present work proceeded by some preliminary studies
(Kornitltowicz 1994) was to evaluate the abilities and keratinolytic
activities of the saprotrophic micromycetes. In the course of studies some
products of hydrolysis and mineralization of feather protein were determined,
together with metabolic and proteolytic activity of the fungi. At the same time
an attempt to determine uniform criteria for the evaluation of keratinolytic
activity of these microorganisms was undertaken.

MATERIALS AND STUDY METHODS

Strains of fungi In the present study the author’s collection of
fungi obtained from various cultivated soils (Central Poland) and lake bottom
deposits (Pojezierze Leczynsko-Wiodawskie) has been used. The environments,
isolation methods, methods used to obtain pure cultures and their identifica-
tion were described 1n earlier works (K orniltlowicz 1991/1992, 1993a,

b). Isolated strains were stored at +4°C in the Sabouraud’s scarves. Taxono-
mic characteristics of the strain collection are presented in Table 1.

Four randomly chosen strains representing the most [requently isola-
ted species were chosen for further studies: 2-3 isolates from the common
taxa which were less frequent and 1 strain from the species which were
seldom isolated. In total, 37 strains of keratinophilic fungi belonging to 16
species, counting perfect and imperfect forms separately, were chosen for the
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Table 1
Charactenstics of the some keratinophihie fung

Total number of

Spacics stramns total, Taxonomic Ecological
from soil and from position® group
bottom sediments

Arthroderma quadrifichin Dawson el 67 50 17 | A. Onyegenales
Gentles, 1el.
Trichophvion rerrestre Dune et Frey 107 66 41 | D Moniliafes Creophilic
complex. an. A. guadrifidum dermatophytes
Arthroderma uncinatum Dawson et 15 15 0 | A. Onvgenales
Gentles. tel

Trichophyton wielioi (Yanbr.). Ajello, 261 249 12 | D. Maniliales
an. A. unicinatum

Microsporum cookei Ajello, an. 49 40 9 | D. Moniliales
Anixiopsis stercoraria Hansen, tel 17 0 17 | A. Onvgenales |
Ch. pruinosti |
Arthroderma curreyi Berk,, tel. il 0 21 | A. Onygenales
Chrysosporitm sp., an, 30 3 27 | D. Moniliales

Arthroderma currevi Berk.
Chrysosporinom asperatum Carm, 188 183 5 | D. Moniliales
an. [ = Myceliophtora vellerea
(Sacc. et Speg.) van Qorschot |

Chrysosporinm enropae Singler,
Guarro et Punsola, an.

3
=
Lp
=

. Moniliales

Chrysosporium keratinophilum (Frey) 28 4 24 | D. Moniliales

Carm., an.
Chrysosporium kreiselii Domimk, an. I8 I8 0 | D. Maoniliales | Chrysosporium
Chrysosporium pannicala (Corda) 26 19 1 | D. Moniliales group
van Qorschot et Stalpers, an.
Chrysosporinm pruinosum (Gilman 47 13 34 | D. Moniliales
¢t Abbott) Carm., an.
Chrysosporium tropicum Carm., an. 2 2 0 | D. Moniliales
Chrysosporium fuberculatum (Kuchn) 56 51 5 | D. Moniliales
Dominik, an.

[ = Myceliophtora, an.
Arthroderma tuberculatum Kuehn]

Chrysosporium servatum (Eidam) 104 94 10 | D. Moniliales
Dominik, an. | = Myceliophtora,
an Ctenomyces serratus Eidam] |

Crenomyces serratus Exdam, tel. 60 60 0 | A. Onygenales '

Explanations: tel. = telecomorph; an. = anamorph; *A = Ascomycetes; D = Deuteromycetes
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Table

-

—

Ornigin of strains used for investigations

Soils Hottom sediments
Strains of fungus 1 —— -
A B C [ E F
A, quadrifidum, telcomorph + ,_ -1®
-2
T. rerresire, anamorph «1
X
M. cookei X 1 | =
M. ajelloi -3 | |
_ - -4 -d -1 L.
| A. stercoraria, telemorph + il

Ch. pruinosum sp,, anamorph ':]]Il:l -2 III -1
-:{_._r.'wrr.-,-'y;}.t_l:il;murph + _H_ -1
-2
Chrysesporium sp., anamorph [
_ [T !
Ch. asperarum -1

3 [ -2

-4
Ch. eurapae |
Ch. keratinophilum |.|.|..|.|.l -2 .1.|.|J..|.| = |
Ch. kreiselii
T -

Ch. pannicolu [___] -1 |

-2
Ch. tropicum i | |

||||| -1

Ch, muberculatum

Cr. serratus | 1 -2
SR S l”” - | | Tl 4_ I -3
. catenuwlatum
| .
P, lilacimus
;'
V. lecanii
IR
V. psalliotae |
'
Explanationss [ ] - geophilic dermatophytes: [[[IIl — Chrvsosporium sp. group, [ — non-
keratinophilic fungi; * — number of strains; + — common twxa; A — sandy; B — loamy: C — chernozem:;

[} = black soil; Botlom sedimenis: E sandy; F — gytja. (Characteristics of soil and bottom sediments were
presented in earlier articles)
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experiments (Table 2). The collection created that way increased by 4 1solates of
the so-called non-keratinophilic fungi which were commonly found on keratin
refuse placed in the soll (K ornittowicz 1991/1992, 1993a, 1996).

Substrates. White wast hen feathers (Leghorn chickens) obtained
[rom the Poultry Processing Plant (Zaklady Drobiarskie) in Lublin were used
in the present research. All the experiments were carried out on the same batch
of material. Feather preparation methods that do not change Keratin structure
were descnibed earhier (Kornittowicz 1994), Characteristics of the
chemical composition of the substrate used, which is of basic importance for
the present study are presented in Table 3. The analysis of contens of biogenic

elements and sulphur was carried out by means of methods of elemental analy-
sis. Total protein was determined by Kjedahl's method using an automatic

Kiel-Foss analyser (type Tecator Kjeltec Auto 1030) and applying factor 6.25.

Fungi cultures. Individual experiments were carried out in liquid
cultures using native [eathers as the only sources of C, N, and S (medium 1) or
C and N (medium II).

Table 3
Chemical composition of chicken feathers

Contents® (%)

C N 5 protein
org total total total
49.09 14,72 1.67 87.94

* — mean values from 3 repetitons

Medium I containing 0.5 g of ground feathers in 100 cm? of mineral salt

solution with pH 6.5 was used to determine substrate decomposition, analyses
of its products, respiration activity and general proteases activities. The
composition of the mineral medium (II) had been described in the introductory
work (Kornitlowicz 1994), Induction of the keratinolytic enzymes
was carried out in medium II with mineral salt composition according to
Nickerson Noval and Robinson(1963) using 0.5 g of feathers
for 50 cm? of mineral nuttrient medium with pH of 7.8. One cm? of spore
suspension with the density of 10* (medium I) was used as inoculum and 10°
for medium II. The control constituted mineral-keratin base (feathers)
which was inoculated with 1 em” of mineral nutrient medium instead of the
inoculum.

Fungi cultures and controls were incubated at 20 +/—2"C under the
conditions of medium volume standardization applying, depending on the
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experiment, 70 to 126 days of incubation. On the individual study dates 3 to
5 repetitions were prepared. Detailled explanations of the dates of analyses were
given below or in the documentation material.

Degree of substrate utilization was determined by
Chesters an Mathinson’s method (1963) alter after-culture liqu-
ids had been separated.

Direct biomass measurements of mycelium were not possible because of the
feather mass overgrowth through fungi hyphae. Approximate evaluation of
its size was made after feathers were dissolved in 50 cm?® of 10% NaOH and
the index of mycelium loss determined for each of fungi strains bred on
Sabouraud’s bullion separately was taken into consideration (Chesters,
Mathinson 1963).

Biochemical analyses of fungi cultures. N-NH;
content in the after-culture filtrates was determined by Nessler's method,
S-SO2 " niepheleometirically at the wavce length of 490 nm, Hydrogen sulfite
contents were detected by a paper slip saturated with lead acetate. The pH of
the after-culture liquids was determined potentiometrically directly after
substrate and mycelium filtration.

The amount of peptide substances in the filtrates was determined by means
of Lowry s et al. method (1951) using bovine serum albumine as
a standard. The level of amine groups was analysed according to Baileys
(1962) using the standard curve plotted for leucine.

Respiration activity was determined by Rahling and Tyler’s
method (1973) on the basis of CO, lberation. Determination of total

proteolytic activity was carried out according to the method used in the
preliminary studies (Kornilltowicz 1994) in relation to casein as
a substrate.

Detection of keratinolytic enzymes was carried out in the cell-free after-
-culture filtrates by means of Y u et al's method as modified by T a k1 u-
¢ hi et al (1982) using chicken feathers as a substrate instead of guinea pig
hair (Korniltowicz 1994).

The so-obtained data were evaluated statistically. The analyses compris-
ed characteristics of the variation of the above-mentioned features on the
consecutive study dates as expressed by the values of the vanation index Cyv,
which describes vanability in the percentage of the mean value in relation
to the mean value and coefficient of interclass variability h? (called hered-
ibility index in genetics). It denotes what percentage of total variability of
a given feature results from the differentiation in the study object (re. fungi
strains):

C, and h* are calculated according to the following formula:
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where S, is standard deviation; % is arithmetical mean; S7 = S; + SZ. whereas
S2 and S? are variation components which determine, total variation, object
variation (strain) and interobject vanation (random) respectively. The mutual
relations among the features studied and the behaviour of individual features

S S;

C,=-"-100%; h,=—= 100%
X - T

during the whole study period were analysed by means of the correlation and
regression methods calculating correlation coeflicients r and determination
coeflicients R?,

Regression functions are polynominals of the second or third degree; the
extent to which they math experimental data ais measured by determination
coefficients (square of the coefficient curveline correlation expressed in %)

RESULTS
Abilities of saprotrophic fungi to decompose native keratin

The abilities of saprotrophic fungi to decompose
of native keratin were evaluated on the basis of the degree of utithsation of
chicken feathers, which was earlier accepted as a basic index of keratinolytic
activity of these microorganisms.

Even though all the studied strains (37 1solates) used feathers as the only
source of C, N and S, only representatives of the geophilic dermatophytes and
Chrysosoporium carried out total lysis of this substrate. The remaining fungi (4
isolates), which were called non-keratinophilic in the beginning, decomposed
only about 20-30% ol the keratin waste mass that was used (Table 4).

Among keratinophilic fungi species such as: Arthroderma quadrifidum and
A. currevi together with anamorphs Trichophyvion terrestre and Chrysosporium
sp.. and some isolates of T. ajelloi, Ch. keratinophilium, Ch. pruinosum and Ch.
pannicola they appeared to be the most active destrovers of keratin in feathers.
The dynamics of decomposition of raw feathers by fungi was expressed by
quick loss of this substrate in the first 3 weeks (especially) between the 7th and
14th day), then the lysis slowed down between the 3rd and 6th week, and
accerelated again but to lesser degree in the remaining period. This 1s clearly
lustrated in Fig. | showing statistically elaborated relation between substrate
mass loss and the time of culture.

Macroscopic and microscopic observations of mycelium showed that
the decrease in biodegradation rate was parallel to spore production of
micromycetes.
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Table 4

Time of cultivation

Strain of O yshy
fusiaus days of feathers
3 7 14 2] 42 70 (davs)
Greophilic dﬂﬂ“ﬂlﬂph}"lﬂ
A. guadrifidiom 1 30 | 224 | 71,5 | 788 | 822 | 940 UK
2 46 | 240 | 51.0 | 770 | 8OO | 91.0 98
M. cookei I 30 | 21.0 | 320 | 450 | 49.0 | 57.0 126
. 30 | 151 | 460 | 544 | 620 | 67.0 126
T. ajellm I 76 | 280 | 586 | 650 | 660 | 68.0 126
2 30 | 27.0 | 33.0 | 760 | 80.0 | §9.0 | 98
3 39 | 182 | 439 | 480 | 680 | 726 126
4 35 | 160 | 400 | 500 | 570 | 615 | 126
I, terrestre I 60 | 255 | 522 | 649 | 690 | 74.0 | 26
2 3.1 55 | 475 | 64.7 | 69.0 | 855 126
Chrysosporium group
A. stercoraria 20 30 | 135 | 260 | 730 | 860 126
A. currevi | 40 | 150 | 560 | 750 | 820 | 960 98
2 26 | 142 | 556 | 77.0 | 840 | 960 98
Chrysosporium sp. 45 | 310 | 580 | 704 | BL.O | 8B40 UK
Ch. asperatum | 52 | 320 | 510 | 600 | 695 | 764 126
s 1 | 330 | 604 | 660 | 800 | 930 9%
3 49 | 31.0 [ 555 | 610 | 73.2 | B30 9%
4 40 | 200 | 490 | 650 | 650 | 750 126
Ch. europae 27 [ 110 | 270 | 562 | 760 | 830 9K
Ch. keratinophilum | 43 | 125 | 280 | 510 | B4.5 | 960 98
2 30 | 120 | 600 | 79.0 | 900 | 920 9%
Ch. kreiselii 2.5 36 | 410 | 510 | 650 | 750 126
Ch. pannicola | 4.8 90 | 510 | 740 | 91.0 | 96.0 9E
2 40 [ 225 | 570 | 690 | 89.0 | 96.5 9%
Ch. pruinosum 1 1.2 | 17.2 | 490 | 86,0 | 90.0 | 100.0 70
. 44 | 220 | 510 | 664 | 8RO | 900 98
Ch. tropicum 20 [ 230 | 410 | 620 | 81.0 | 820 126
Ch. tubercularum ! 57 | 120 | 310 | 390 | 430 | 620 126
2 60 | 200 | 400 | 570 | 64.5 | 740 126
Ct. serratus 1 20 60 | 51.0 | 54.0 | 83.0 | 860 9%
2 6.2 70 | 430 | 550 | 73.0 | 820 9%
3 52 | 250 | 460 | S8.0 | 77.0 | 950 9%
B 56 | 330 | 440 | 63.0 | 740 | 76.0 98
Non-keratinophilic lungi | |
G. catenmulatum 1.2 | 144 | 170 | 220 | 245 | 302 |
P. lilacins 22 30 | 290 | 295 | 330 | 330 | nol
V. lecanii | 4.0 B3| 110 | 140 | 21.0 | 230 observed
V. psalliotae 2.6 B.2 | 130 | 250 | 260 | 285
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Products of feather protein catabolism in fungi cultures

Detection of degradation products we conducted
parallely to the observation ol substrate disappearance from the fungi culture.
The aim of former was not only to learn about basic products of lysis and
mineralization of raw [eathers, but also to capture mutual relations between
catabolites produced, as well as to combine the dynamics of their release with
the degree of substrate usage by fungi,

Peptide substrate release Earher preliminary studies
(Kornillowicz 1994) showed that the release of peptide bindings in

fungi cultures which decompose raw chicken feathers can be used as an index

u_;]! ............... . o=

| |

: |
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B

E 0.1 .
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0 10 20 30 40 50 a0 70

time [days]

Fig. 1. Dynamics of the loss of waste feather mass in fungi cultures (R* = 56.3%)

ugem” of medium

time [days]

Fig. 2. Release of peptides in fungi cultures decomposing waste feathers (R¥ = 60%)
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Table 6
Release of peptide substances in fungi cultures decomposing waste feathers
Range of release

Strain of days

ungus 3 7 14 2] 42 70
| Geophillic dermatophytes
A. quadrifidum str. 1-2 2490 | 248-308 | 37.6-384 |538-62.0| 58.2-676 | Ti0-K1.4
M. cookei str. 1-2 16-74 Q2-176 | 43.2-51.6 | 500-98.0 | 48.2-67.0 | 8D.O-K7.2
T. ajelloi str. 1-4 JB-132 | 140454 | 294-T50 |554-82.2 | 51.0-106.0 | 65.2-94.6
| T terrestre str. 1-2 4.6-13.2 0.8-21.8 | 38.0-454 |448-55.6 | 66.6-900 | 554-880
Chrysosporium group
| A. stercoraria 4.0 54 10.2 21.0 554 59.4
A, curreyi str. 1-2 5.6-9.0 110-134 | 318404 | 394476 | 528-67.6 | 63.0-744
Chrysosporium sp. 11.0 25.2 415 53.0 458 74.2
Ch. asperarnum str. 1-4 14-12.2 | 23.6-35.0 | 43.6-550 |40.6-59.4 | 46.6-7T0.0 | 73.4-89.0
Ch, europae B.2 27.6 326 208 218 434
Ch. keratinophilum 18-74 58-100 | 31.6-332 |398-590( 474-800 | 67.8-89.8

str. 1-2 !

| Ch. kreiseli 9.4 H.h 320 514 Jud 4 12.2
Ch. pannicola str. 1-2 6.0-7.2 134-37.8 | 362-58.6 |468-47.0| 614-T26 | T48-896
Ch. pruinasum str, 1-2 J.0-4.8 164-24.8 | 434-524 |346-TR0 | 54.6-91.2 | 64.2-106.0
Ch. tropicum 1.0 16.4 i4 322 S8 6.0
Ch. miberculamm str. 1-2 | 2.2-9.8 16.6-25.0 | 28.0-7T98 | 240-3.2 | 29.0-39.12 | 49.0-64.0
C'r. serratus str, 1-4 4.0-15.6 5.8-33.6 314426 1340562 | 410638 | TiE-950
Non-keratinophilic fungi |
(r. catenulatum 10.8 1000 27.0 41.0 29.2 38.0
P. lilacinus 9.6 26.8 310 42.0 27.2 218
V. lecanii 11.4 8.2 216 29.6 116 M6
V. psalliotae 19.0 14.2 26.0 38.2 19.0 26.2

Explanation: mg g™ " ol substrate — mean values from 3 repetitions

of keratinolytic activity of these microorganisms. This was conflirmed by the
present study conducted on numerous strains of material. A positive cor-
relation between the level of peptides in the medium and the rate of decom-
position of this substrate was observed (Table 5). Both fungi groups showed
abilities for splitting of peptides. However, maximum amount of these bindings

in the non-keratinophilic fungi cultures rarely exceeded 40 mg g ' of feathers,
whereas in the keratinophilic fungi cultures it was always higher (Table 6). In
the case of keratinophilic fungi 1t was usually 50% of the total amount of these
substances. In the later period between the (3rd and 6th week) the process of
peptidolysis slowed down and was activated again. This 15 illustrated very
clearly on the graph of the regression curve for this feature (Fig. 2).
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Table 7
Changes in the amine N content in the after-culture medium of fungi decomposing waste feathers

63

_ Time of cultivation
Stramn of ; P
lungus - ik
3 7 14 21 42 70
Geophilic dermatophytes
A. quadrifidum | 0.1 0.3 1.0 1.2 1.3 0.4
2 0.2 0.5 0.9 1.1 0.5 0.5
M. cookei ! 0.1 0.2 0.5 1.3 0.7 0.8
2 0.1 0.3 1.4 22 1.0 0.7
| T- ajelioi ] (.05 0.7 1.7 1.2 22 1.2
| 2 0.06 1.3 1.3 1.4 0.4 0.5
3 0.02 0.4 08 | 07 1.0 0.4
R 0.02 0.4 07 | 07 0.8 0.2
T. terrestre I (.04 0.7 08 | 13 0.9 0.8
2 0.06 0.3 1.2 1.2 1.0 0.5
Chrysosporium group
A. stercorarii (.06 0.3 0.6 0.2 |.4 0.4
A. curreyi ] (.06 0.9 1.4 1.6 0.6 0.6
2 0.02 0.2 0.7 1.7 0.6 0.6
Chryvsosporium sp. 0.02 0.5 1.0 0.7 1.3 0.6
Ch. asperatum 1 0.02 1.0 2.0 1.0 2.3 0.4
2 0.01 0.5 1.6 2.3 1.0 0.8
3 0.0 0.4 1.6 L3 1.1 (L6
- 4 0.02 0.7 0.8 0.7 0.5 0.5
Ch. europae 0.0 0.3 1.0 2.2 1.0 0.7
 Ch. keratinophilum ] 0.05 0.2 2.0 1.1 2.3 0.3
2 0.02 0.1 0.5 24 1.2 0.7
Ch. kreiselii 0.01 0.1 0.5 0.6 1.3 0.5 |
Ch. pannicola 1 0.02 0.5 0.6 1.3 1.4 0.3
2 0.01 0.4 1.3 2.1 1.3 (0.8
Ch. pruinosum | 0.05 0.6 2.5 1.0 2.2 0,3
2 007 | 06 0.4 1.0 1.0 0.3
Ch. tropicum 001 | 02 1.3 0.6 0.8 0.7
Ch. tuberculatum | 002 | 04 04 0.8 1.2 0.3
2 0,01 0.4 24 2.2 0.9 0.5
Cr. serraius 1 0.5 0.2 1.8 1.0 24 0.3
2 0.1 (.5 0.5 (.8 1.2 0.3
3 0.02 0.4 1.4 21 1.2 0.8
- 0.3 0.6 1.3 0.9 1.3 0.9
Non-keratinophilic fungi
G. catermularum 0.09 0.2 0.2 0.09 0.02 0.02
P. lilacinus 0.02 0.6 08 | 07 0.8 0.7
| V. lecanii 0.1 0.2 0. 0.2 0.2 0.2
| V. psalliotae 0.2 03 | 03 0.3 0.4 0.3

Explanation: see Table 6
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The content of N amine inthe alter-culture hiltrates. This
study aimed at a preliminary evaluation of the total content of amino acids in
the medium of after-culture [ungi. Transformation of amino acids into
a digestible form is important, among others, in the utilization of waste feather
in fodder production.

The maximum of N amine release in the keratinophilic fungi cultures
exceeded 1| mg g~ ' of the substrate reaching 1.2 to 20 mg g ' of feathers
(Table 7). In cultures of non-keratinophilic fungi the content of amino groups
was 04-08 mg N-NH, g ' of the susbstrate studied. Assuming, after
W ol s ki that the content of N amine in the chicken feather keratin is on the
average 0.45 mg per 100 mg of dry mass, it has been estimated that in the
keratinophilic fungi cultures 25-60% of N-NH, from this substrate changes
into a soluble form, and in the non-keratinophilic fungi cultures only 5 to 23%.

The dynamics of amine bindings release in the individual strain cultures
only in the first 2-3 weeks was similar (an increase of contents). In the later
period considerable changes in the level of these compounds were observed
depending on the fungi strain. The made the determination of a common for all
the strains regression function impossible.

Accumulation of N-NH, in the medium. When the
present study was planned out, it was assumed that a low ratio C:N in feathers
would be favourable for the mineralization of nitrogen.

The experiments carried out showed that duning the process ol decom-
position of feathers fungi periodically accumulated 400-500 pp N-NH; ¢cm °
of medium, 1e. 80-100 mg g~ ' of substrate (Table 8). It was calculated that
30-60% of N from feathers changed into ammonia form in the presence of
keratinophilic fungi. In the case of non-keratinophilic fungi amonification took
place in the 15-17% of the substrate only, The fungi studied did not produce
oxidated nitrogen forms, re. N-NO, and N-NO,.

Statistically elaborated relation between the content of N-NH; in the
medium and the culture showed that dissemination was most intensive in the
first 3 weeks of fungi growth on feathers (especially between the 7th and 14th
day). In the later period the accumulation of N-WH; was weaker. At the same
time the production of NH; showed a clear correlation with the loss of
substrate mass and release of peptide substances (Table 35).

Sulfate release. Taking into account high sulphur content in
the feather keratin (Table 3) it was justifiable to determine basic products
of transformation of this component as well. In the preliminary studies
(Kornillowicz 1994) 1t was found that the mamn fungi metabolite
was sulfate. The various species of keratinophilic fungi in the peat of organic
S mineralization period released 12-18 mg S-SO,; - ¢ ' of substrate, ie.
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Table 8
N-NH,; production during the decomposition of waste feathers by fung
Range ol release

Strain of days

fungus 3 7 14 2] 42 70
Cieophillic dermatophytes |
A. quadrifidum str. 1-2 1.0-1.5 | 294-778 | 86.8-92.0 |76.4-107.0| 51.0-574 | 45.6-54.8
M. cookei str. 1-2 0,5-2.1 6.4-200 | 38.8-74.6 [624-88.2 | 64.5-75.6 31.2-80.2
T. ajelloi str. 1-4 1.9-9.0 12.1-21.4 | 38.8-752 |526-109.2] 31.8-66.2 | 43.6-59.0
T. terrestre str, 1-2 7.2-320 | 18.5-404 | 456-97.2 [64.6-844 | 474-856 | 42.2-658
Chrysosporium group
A. stercoraria 2.0 258 21.6 51.6 63.2 68.2
A. curreyi stir. 1-2 0.5-2.6 14.5 | 62.4-107.0 |71.0-93.6 | 40.4-61.3 52.8-53.2
Chrysasporium sp. 1.6 4 | 624 91.4 68.8 128
Ch. asperatum str. 1-4 3.1-45 | 336-T64 | 75.2-101.2 165,6-95.0 | 60.2-106.8 | 454-83.6
Ch. ewropae 15 12,0 32.2 83.2 76.0 76.8
Ch. keratinophifum str. 1-2) 0.5-1.0 | 124-14.3 | 21.5-107.0 98.8-106.6| 39.4-870 | 50.8-84.0
Ch. kreisefii 0,98 2.6 440 46.8 38.2 375
Ch. pannicola str. 1-2 09-1.6 | 31.8-53.2 | 96.4-100.6 [89.4-104.2| 56.6-96.0 | 50.9-83.6
Ch. pruinosum str. 1-2 (L6-1.1 17.2-81.0 | 59.0-98.8 |84.0-878 | 60.2-964 | 508-644
Ch. tropicum 1.15 17.1 58.8 87.6 95.6 58.8
Ch. ruberculatum str. 1-2 | 0.8-1.2 | 304-39.6 | 81.8-90.6 Iﬁﬁ.ﬂ-ﬁ?.l 37.0-57.8 | 45.8-67.0
Cr. serratus str, 1-4 1.1-3.9 6.7-44.6 | 57.0-7T7.6 |63.6-97.6 | 47.4-956 | 45.6-81.8
Non-keratinophilic fungi
(. catenulatum (.98 13.9 27.8 39.2 27.6 17.6
P. lilacimis 6.3 15.0 266 22.6 358 30.4
V. lecanii 4.1 14.5 294 33.0 0.6 12.6
V. psalliorae 1.8 5.2 16.2 33.0 16.5 16.6

Explanations: see Table 6

ul N-NH," em™ of medium
o TR s

Fig. 3. N-NH,; accumulation in the after-culture substrates of fungi decomposing feathers
(R* = 60.1%)
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Table 9
Sulfate release during the feathers decomposition of feathers

Range of production of §5-S0;"

Stramn of days

g 3 7 14 2) 42 70
Geophillic dermatophytes
A. guadrifidum sir. 1.2 | 0.18-0.24 | 0.74-1.85 3.9-51 4.6-5.3 74-13.0 5.2-6.4
M. cookei str. 1-2 0.10-034 ( 1.51.7 31949 59.90 99-10.3 11.0-18.0
T, ajelloi str. 1-4 0.19-3.12] 0.72-6.26 | 2.70-7.05 | 46-13.0| 68-141 | 6597
T. terrestre sir. 1-2 0.38-1.92] 0.39-442 | 270-4.80 |540-850| 69-11.3 | 6.2-184
Chrysosporium group
A. stercoraria 012 0,58 3.1 5.16 T.12 6.3
A. curreyi str, 1-2 0.30-0.32 | 206-322 40-835 | 6791 | 7.12-118 | 66-124
Chrysosporium sp. 0.33 342 543 10.3 134 7.1
Ch, asperatum str, 1-4 (0,15-1.42 | 1.84-5.08 3.8-8.5 34-125| 7.8-125 52-124
Ch. ewropae 0,12 0.30 i6 6.0 9.26 127
Ch. keratinophilum str. 1-2)0.15-1.4 | 0.48-1.69 | 1.02-388 | 56-10.8| 13.7-185 | 10.1-157
Ch. kreiselii 017 0.90 4.0 5.2 12.6 5.7
Ch. pannicola str. 1-2 0.31-0.73 | 0.34-1.06 | 3.90-4.15 |406-830| 7351160 | 67-10.3
Ch. pruinosum str. 1-2  |0.11-0.44 | 0.24-3.98 3.2-10.2 | 56-194| 8.0-188 | 6.0-130
Ch. tropicum |.44 4.26 10.2 19.6 18.8 13.04
Ch. tuberculatum str. 1-2 |0.15-0.56 | 0.53-2.26 3.1-6.2 5.1-6.4 7.2-8.1 7.2-9.1
Ct. serratuy str. 1-4 0.12-1.36 | 0.53-2.03 40-102 | 55-11.2| 7.2-11.8 530-11.4
Mon-keratinophilic Tung
(r. catemulatum (.29 0.94 21 9.2 4.04 3.0
P. fifacinus 0.06 0.08 0.94 4.7 6.3 3.06
V. lecanii 0.34 0.42 1.74 4.14 4,17 4.56
V. psalliorae (0,38 1.17 1.58 4.5 545 4.12

ug 5-50," em™ of madium

Explanations: see Table 6

time [days]

Fig. 4. Sulfate release in fungi cultures decomposing waste feathers (RY = 54.8%)
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about 30-50% of this component (Table 9), whereas non-keratinophilic fungi
produced 2.8-40 mg S-SO;? g ! of feathers, which constituted 8-11% of
sulphur substrate.

It should be stressed that sulfate production was clearly visible only in the
2nd week of culture (Table 9, Fig. 4), i.e. in the period when the process of
proteolysis and amonification were very advanced. In the later period sulfate
release also quickly increased showing slight weakening at the end of the
experiment. These observations were confirmed by the values of correla-
tion coeflicients between sulfate accumulation and peptide and N-ammonia
accumulation (Table 5). Data presented in these Table show that there
15 a the relationship between sulfate release and keratin substrate mass
loss.

Changes in the pHofsubstrates in the fungi cultures decomposing
waste feathers. The studies conducted showed the degradation of raw feathers
by all the fungi strains studied was accompanied by alkalization of medium
(Table 10, Fig. 5). As it was expected, alkalization of the medium was stronger
in the keratinophilic fungi cultures (pH maximum 8.5-9.0) than in the
non-keratinophylic ones (8.0-8.5) — Table 10. The highest increase in pH value
of the substrate was noted in the phase of quick lysis, especially between the 7th
and 14th day (Fig. 5) and showed high positive correlation with the production
of N-NH, (Table 5). In the next 3 weeks the pH of the medium underwent
slight vanations and then decreased slowly (Fig. 5), which was undoubtedly
caused by the neutralization of NH; by sulfate and the escape of NH,
(unpublished data). Changes in the pH values were significantly correlated with
the decrease of feather mass (Table 35).

General metabolic activity of keratinophilic fungi. General

metabolic activity of these fungi (selected strains of dermatophytes and
Chrysosoporium) was evaluated on the basis of their respiration activity and
biomass growth in the medium containing feathers as the only source of C,
N and S. It was found that fungi respiration as measured by the amount of
CO, released was the strongest in the first 2 weeks of cultivation (Fig. 6). Acti-
vation of the respirometric activity was significantly correlated with the loss of
substrate mass and peptide release (Table 5). It was calculated that in the per-

10d of increased respiration activity fungi oxidated from 8 to 16 mg of organic
C in the feathers in 24 hours. In total, these microorganism transformed 70%

of this component into mineral form and incorporated about 20% of organic
C into mycelium. It was observed that the maximum of mycelium growth
(Table 11) appeared in the period of the strongest lysis, deamination, and
decarboxilation of the keratin substrate, 1.e. between the 7th and 21th day of
culture.
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Table 10

3 repetitions)

Range
Strain of Days

lungus 3 7 14 FA | 42 70
Geophillic dermatophytes
A. guadrifidum str. 1-2 6.7 T.1-8.0 5.8-9.0 8.6-9.1 8.6-49.1 85.4-8.49
M. cookei str. 1-2 6.0-6.7 1.1-7.5 8.1-8.5 5.3-8.5 8.0-8.5 7.5-8.2
T. ajelloi str. 1-4 6.7-6.8 71.1-79 8.5-8.7 £.5-8.7 R.4-8.7 B.3-8.5
T. terrestre str. 1-2 6.5-6.9 71.9-8.0 2.4-89 ®.3-9.0 8. 1-9.0 7.9-9.0
Chrysosporium group
A. stercoraria 6.1 6.8 B.6 5.4 9.1 g.1
A. curreyi str. 1-2 6.7-6.9 7.6-7.7 8.1-8.6 8. 5-8.7 %.1-8.7 19-8.9
Chrysosporium sp. 6.7 8.3 8.8 8.7 54 8.4
Ch, asperatum str. 1-4 6.9-7.1 T.1-8.8 8.6-8.5 5.6-8.7 8.4 §.4-8.5
Ch. europae 6,0 6.4 B.2 5.6 8.6 8.4
Ch. kerarinophifum str. 1-2| 6.6-6.9 T.1-7.5 8.7-8.8 8.6-8.7 8.7-8.8 8.3-8.4
Ch. kreiselii 6.7 1.0 B.6 5.3 8.6 8.5
Ch. pannicola str. 1-2 6.2-6.8 1.0-7.5 8.6-8.8 8.6-9.0 §.7-9.2 §.3-9.1
Ch. pruinosum str. 1-2 6.6-6.7 7.7-8.6 8.7-89 3.7-90 | 8791 8.3-9.1
Ch. tropicum 6.7 7.7 B.7 8.7 8.7 5.4
Ch. tuberculaium str. 1-2 | 6.6-69 T.1-7.7 B.6-B.8 8.4-9.0 8.5-9.1 5.4-9.1
Cr. serrafusstr. 1-4 6.6-6.8 7.1-8.3 85.5-8.8 8. 1-9.0 1.9-9.06 1.1-8.9
Non-keratinophilic fungi
. catemularum 6.6 74 8.0 8.2 8.2 8.2
P. lilacinus 6.7 6.9 1.6 1.9 1.5 1.7
V. lecanii 6.6 7.0 20 8.0 8.2 8.2
V. psalliotae 6.6 1.3 8.0 8.2 54 8.2

Explanations: see Table 6
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Fig. 5. Changes in the pH of medium in fungi cultures decomposing wasle feathers (R* = 51.8%)
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Table 11

Changes of mycelium biomass (mg d.m.) during decomposition of waste lcathers

Range
Strain of Days
fungus
E 3 ! 14 21 i 42 0
Geophillic dermatophyies |
A, quadrifidum str. | 43 68 78 131 82 0
M. cookei sir, 2 () 13 40 Sl 45 4
I. ajeller str. | 23 83 147 126 116 115
| I'. terrestre str. | 11 37 80 121 91 8l
Chrysosporium group
A. curreyi str. 2 10 19 178 250) 162 153
Ch. asperatum str. 2 9.5 30 40 ol 63 162
Ch. keratinophilum str. | ] 36 54 270 95 70
Ch. pannicela str. | 8.3 ] 27 1o 93 | B3
Ch. prumosum str. | 1.5 9 53 153 138 ' 123
Ct. serratus str. 3 10 2 61 (7 87 150

Fig. 7. Exoprotease activity of fungi decomposing waste feathers (R = 43.8%)

Proteolytic activity of alter-culture filtrates of fungi decom-
posing waste feathers. The aim of this study was to determine the relationship
between the dynamics of proteolytic activity changes and the rate of feather
solubihization as measured by the release of peptide substances and substrate
mass loss.

In the raw after-culture filtrates of all the strains studied the prescnce of
intercellular proteases which were active in relation to casein was noted (Table
12; Fig. 7). The maximum of enzymatic activity was observed in the 3rd week of
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Table

12

[l

Protease actuvity (casein as a substrate) in after-culture fluids of fungl (in pg of released tyrosine

cm " hour™' — mean values from 3 repetitions)
Range ol activity
Stramm of
fungus Days = oy

3 7 4 | 21 42 70
Geophilic dermatophytes | |
A. guadrifidum str, 1-2 21-60 | 74-157 T0-166 | 170-206 Hbh-HE 59-T0
M. cookei sir. 1-2 19 | 69-84 114-147 | 66.7-91.0| 42-54 24-96
T. ajelloi str. 1-4 21-96.7 | 55.7-177.0 | 101-367 | 201-323 78-130 | 8.35-111.0
T. terrestre str. 1-2 31.3-58.0 §7-96 | 203-280 | 126-163 60- 108 42-107
Chrysosporium group |
| A. stercoraria 32 38 131 207 198 50
A, curreyi str. 1-2 - 18-34 52-131 178-372 | 178-227 | 126-186 100-111
Chrysasporium sp. | 53,7 211 382 58 97 T0
Ch. asperarum str. 1-4 [ 29.3-62.0| 91-311 153-449 65-383 86-134 73-126
Ch. ewropae | = 47.6 1040 59 30 23
Ch. keratinophilum str. 1-2| - 24-30 63-209 | 261-267 #4-130 62-86
Ch. kreisefit 2.9 25 381 371 188 25
Ch. pannicola str. 1-2 712-108 182-270 340-419 | 276-280 |126.0-176.7| T70.0-83.3
Ch. pruinosum str, 1-2 21 47.3-560 | 141-210 | 182-389 | 104-200 49-102
Ch. tropicum = 50 210 JEB 154} 85
Ch. tubercularum str. 1-2 47 232-310 185-297 | 270-375 | 129-150 127-169
Ct. serratus str. 1-4 24-70 32-2212 170-347 | 119-236 67-180 69-169
Non-keratinophilic fungi
(. carenulatum 42 150 248 378 205 115
P. lilacinus 65 191 180 97 52 16
V. lecanii 35 108 97 114 58 51
V. psalliorae 137 243 357 326 1641 63

culture when the loss of feather mass was also quickly increasing (Table 4).
After this period in most of the cultures a rapid decrease of proteolytic activity
appeared and discrepancies between this activity and the solubilization rate
were discovered (Table 3).

Properties of keratinolytic after-culture filtrates of some
Chrysosporium species and geophilic dermatophytes. These studies aimed at
the evaluation of keratinolytic activity of fungi proteases and determination
whether the secretion of these enzymes shows any relation to the dynamics of
the keratin substrate decomposition. The above study was carried out on some
strains which were grown in the substrate containing raw feathers as the only
source of C and N.
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Table 13
Activity of keratinase of after-culture fluids in enzymatic units (U) ¢ * (mean values from
3 repetitions)

Time of cultivation

Strain of Days

mheis 3 7 14 21 42 70
Geophillic dermatophyites |
A. quadrifidum str. | 1.0 4.0 2.0 3.0 30 1.5
M. cookei str. 2 0.1 1.0 0.5 0.3 (L 20
| T. ajelloi str. 2 1.0 3.0 1.5 1.4 0.2 2
T. terresire str. | | 10 6.0 0.3 (.4 1.0 0.1
Chrysosporium group
A. curreyi str. 2 1.0 2.0 1.4 10 20 1.0
Chirysosporium sp. 2.0 3.0 24 2.0 (.5 0.1 |
Ch. asperatum str. 2 1.0 1.4 2.0 0.2 20 0.1
Ch. keratinophilum str. 2 1.0 1.0 0.2 2.0 2.0 3.0
Ch. kreiseli 0.5 4.0 3.0 0.2 | 0.1 0.1
Ch. pannicola str. | 20 1.3 1.0 3.0 1.5 1.0
Ch. pruinosum str. | 0.5 4.0 2.0 30 1.0 0.3
Ch. ruberculatum str. 2 1.0 3.5 1.0 0.5 1.0 0.1

Cr. serratus str. | 1.0 30 1.4 1.0 23 0.3

All the fungi studied secreted enzymes which catalysed ,digestion” of
feather proteins in the free-cells system (Table 13). The above fact was
interpreted as an indirect proof of the existence of keratinolytic proteases in the
after-culture fluids, called by various authors keratinase. Higher values of the
so-called keratinase were mainly noted in the phase of rapid feather lysis,
especially in the 7th day of their decomposition (Table 13).

Statistical evaluation of the interrelations with other physiological features
showed the lack of significant correlation between exokeratinase activity and
biodegradation of native feather keratin.

Statistical evaluation of the stability of feather decom-
position parameters and fungi activity. It was thought advisable to determine
the spectrum of variation of the physiological features for the evaluation of the
parameters of fungi keratinolytic activity.

Individual parameters of substrate decomposition and biochemical activity
of fung showed high total vanabihity (Table 14). Low values of the vanability
coefficients Cv (4-7%) were noted only in relation to the changes in the pH
of substrate. In the remaining cases Cv values were high and often reached up
to 50%. This was expressed by the higher value of Cv coefficients in the older
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Table 14
Statistical evaluation ol the parameter stability ol feather decomposition and fungi activity

Days of b Loss of Release of Exoprotease| pH of
cultivation| TN bstrate peptides | N-NH, | N-NH i §-S02" activity | medium
3 X 0014 | 3893 | 0423 9.82 | 329 419 6,66
Cv 43 S0 B7 87 122 15 4
h? T 95 iy Q7 ug o7 93
Fi X 0057 9955 2.15 137.3 10,02 129.5 1.53
Cy 56 ey 6l 71 L G4 | F)
h* Yh e b 97 | 9% 99 UK 95
14 X 0.]143 19, 500 529 | 3401 24.4 2283 8.55
Cw 17 32 5% I8 58 49 4
h* 96 91 98 99 L9 98 | 00
21 X 0.179 239 3l 16.13 J6E.0 37.76 220.3 B.57
Cvy i 33 18 | 34 56 47 3
| h* | 96 v g Y1 L8 L g1
. | . , !
42 X 1.227 275.0 5.52 2043 5.4 114.5 8.57
cv | 3 36 51 40 35 | 4
h* 9% 98 99 | B2 98 98 | 9
70 X 0263 | 3580 | 1202 | 2755 | 478 778 | 879
Cv 28 26 46. 6 | 13 41 S0 56
h* 05 ] 94 Yt Y W7 | O
Explanations: X — arithmetic mean; Cv — variation index in %: h® — coefficient h® in %

cultures, i.e. at least 21 days old. At the same time statistical calculations
showed that the variability of individual features was caused by the differen-

tiation of strains, which was confirmed by very high values of coefficient h?
reaching as high as 95%.

DISCUSSION

In earlier studies (Korniltlowicz 1989, 1991/92) attention was

drawn to the different interpretations found in literature of such phenomena as
keratinophilness and keratinolyvticism. Due to the lack of uniform criteria for
evaluation of keratinolytic abilities and activities of saprotrophic micromycetes
an attempt was made to select such criteria (Kornitlowicz 1994)

According to some authors (Vries 1962; English 1963, 1965, 1969;
Griffin 1960; Safranek, Goos 1982) keratinophilness is an

ecological equivalent of keratinolyticism. While considering this problem, the
present author took into consideration Mathinson's (1964) point of
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view, who distinguished truly keratinolytic fungi [rom potentially keratinolytic
ones. The latter are only characterised by strong proteolytic propertes.

According to the adopted nomenclature all the species of Chrysosporium
and geophilic dermatophytes selected for the experiment represented keratino-
Iytic forms (total lysis of feathers). Non-keratinophilic fungi of which the lack
the ability to complete lysis of feather keratin but clearly display abilities {or
the hydrolysis of ordinary proteins, were asumed to be potentially keratinoly-
tic. The ability to utilize only “soft” keratin by these microorganisms enable
their classification as poorly keratinolytic (En g li1s h 1965). Fungi that are
potentially keratinolytic can play a significant role m the transformation of
these protein [ractions which contain a lower level of disullite groups (“soft”
keratin) than “hard™ keratin as they are well spread in the soil and other
natural environments.

The indices obtained for measuring fungi keratinolytic activities confirmed
that the most reliable ones were: the loss in mass of the keratin substrate, and
coupled with it, the increase of content of peptides in the medium. This was
demonstrated by the almost identical graph of the curvilinear regression
function of both these features and a positive correlation between them
observed during the whole study period. Another index that was correlated
with keratin substrate decomposition was their production of ammoma and
changes in the pH of medium. Moreover, a significant correlation, though
rather low, with the utulization of native keratin was shown by the sulfate
production. Correlation of the feature discussed with other indices, such as the
content of ammo residues and exoproteases activity, was less documented. In
all the cases the values of correlation coeflicients wWere differentiated in relation
to the time of measurement. The latter [actor determined the stability of the
features studied. Statistical calculations disclosed that the vanability of almost
all the individual parameters of keratin substrate decomposition was caused by
the strain differentiation. Without any doubt, physiological and morphological
differences between species and strains, such as a germination rate, substrate
overgrowth, structure of the eroding mycelium, and stages in the lungus deve-
lopment, played a decisive role in this respect. This hypothesis is based on the
observation that feather lysis took place in a more intensive way in the quickly
growing species than in the slow growers. Also the perfect stages were more
active than the imperfect ones. En gli1sh (1969) indicates that fungi which
produced the so-called perforating organs (dermatophytes) were stronger de
strovers of the native keratin. Fungi with morphologically simpler structures
had as a rule poorer keratinolytic properties. From the ecological point of
view, an observation on the differentiation of keratinolytic activity of strains in
relation to their origin 15 very interesting. Higher activity was shown by the
strains selected from the neutral and slightly alkaline soils, than from the acidic
sotls. This latter observation could well explain the reason for the antagonism
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in the populations of soil keratinomycetes, which was reported earlier by the
present author (K ornillowicz 1993a) The information gathered sho-

wed that while looking for the keratinolyucally active fungi one must
concentrate on the environments with the pH level favouring keratinolysis.

In the course of the present study it was found that the degradation of
keratin waste under the influence of fungi leads to the release of significant
amounts of easily hydrolysing peptide bundings. Despite the fact that fungi
feather lysates are surely a better proposition than the commercial meal of
feathers as far as digestible amino acids are concerned, their high ammonia
content makes them impossible to used as fodder.

In the experimental setting the ammonia production reached 50-70% of
feather N-NH,. As far as productivity was concerned. microorganisms the
studied resembled strongly keratinolviic actinomycetes Streptomyvees fradiae
(INickerson, Noval. Robinson 1963) Accumulation of N-NH
in the after-culture medium of the studied fungi caused its alkalization.

On the basis of the studies conducted 1t also follows that the lysates
obtained by the fungi transformation of waste feathers are characterised by
a considerable content of sulphur forms that are available to plants. The
keratinophilic fungi studied transformed into sulfate from 30-50% of § from
organic feathers. No toxic release of hydrogen sulfite was observed.

Intensive mineralization of nitrogen and sulphur and alkaline reaction of
lysate indicate the utilization of keratinolytically active fungi in the processing
of waste feathers through the composting together with plant matenal as the
carbon component. Since keratin from feathers 1s mainly colonized by the
saprophytic fungi (K orniltltowicz 1991/92, 1993, 1995) additional n-
troduction of active strains should limit the development of forms that are
pathogenic to amimals and humans. Confirmation of the above assumption

would require additional studies and observations on the course of waste
feather mass decomposition under the condition of composting.

In the present experiment it was found that the changes in the raw keratin
waste in the saprotrophic fungi cultures were connected with the synthesis of
proteolvtic enzymes released extracellularly. Rapid hydrolysis of casein by the
cells-free after-culture filtrates pointed to the high activity of these enzymes in
relation to ordinary protein. Cells-free after-culture filtrates were characterised
by the low activity in relation to native feather keratin. In this respect
the studied saprotrophes closely resemble fungi that cause skin disease
(Chattaway, Ellis, Barlow 1963, Wawrzkiewiczgz
Lobarzewski, Wolski1 1987, Grzywnowiczetal 1989). On
the other hand this feature differentiated them from the keratinolytic actino-
mycetes(Galas, Katluzewska 1989 Kaluzewska Wawrz-
kiewicz, Lobarzewski1 1991) whose afer-culture filtrates totally
dissolved feathers, hair, wool and other horny products of the skin. The above
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differences can be explained by the different keratinolytic mechanisms of
actinomycetes and fungi; which was stressed by Kunert (1989). Nic-
kerson etal (1989) showed that actinomycetes decompose native keratin
(wool) exclusively by means of enzymes. Biodegradation ol native keratin by
fungi (wool and hair) however, involves the mechanical destruction of substrate
in the presence of the mycelium eroding complex and production of inorganic
sulphite which takes part in the destruction of disulfite bonds (English
1963, 1965; Page, Stock 1974, Kunert 1972 1973, 1976; Ruffin
et al. 1976: Wawrzkiewicz, Lobarzewski, Wolski 1987).

The lack of clear correlation between the fungi enzymatic activity and
decomposition degree of the native keratin pomt to the role of non-enzymatic
factors in fungm keratinolysis (feather keratin).

The lysis of feathers in fungi cultures 1s imtiated by the enzymatic digestion
of sismple proteins, which was proved by the positive correlation between
proteases activity (measured in relation to casein) and peptide release, with
a simultaneously negative interrelation of this feature and sulfate production
that was observed 1n the [irst days ol decomposition. Also the guick increase of
respiration activity pointed to the utilization of more accessible sources of
carbon and energy in this period. It seems that the assimilation of food which 1s
available more easily by fungi spores germinating on the surface of feathers
enabled the production of the structures specialised in the decomposition of
native keratin. This 1s in agreement with the findings of Page and Stock
(1974). The mentioned authors indicated that Microsporum gypseum duning the
process of hair decomposition first hydrolysed the protein of cell membrane,
which exposed disulfite bonds of the intercellurally located keratin and induced
its sulfitolysis (hydrolysis of the S-S bridges). This process took place with the
eroding complex of mycelium (K unert 1972). The process of sulfitolysis

undoubtedly leads to the loosening of the structure of keratin substrate which,
in turn, enables further penetration of substrte by mycelium. Other studies

author (Kornittowicz 1996) showed that extracellular proteases of
fungi take over digestion functions of the denatured keratin. The fact that the
changes recorded concerned keratin component was confirmed by the stimula-
tion of sulfate release and peptide accumulation correlated with it.

A rapid decrease of proteases activity was probably due to the inhibition of
the enzyme activity caused by the accumulation of the decomposition products.
Cohen (1972; 1973a, b) indicated that the products of protein proteolysis
and ammonification were inhibitors of fungi proteases, also of the fungi which
took part in the process of natural keratin degradation. This was confirmed by
the present results indicating that the inhibition of the proteolytic fungi activity
was generally coupled with a strong decrease in their respiration activity,
This points to the stage of transformation of the culture from the phase
of intensive growth and quick substrate degradation into the stationary



Decomposition of keratin. | 17

phase characterised by lower down decomposition rate. Further changes of

feather keratin probably required modifications of the enzymatic apparatus
of fungi adapted to the changes taking place in the substrate. This can account

for the reoccurring acceleration of keratinolysis in the later period of fungi
growth.
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Badania nad rozkladem odpadow keratynowych
przez saprotroficzne mikromycetes. .

Silreszczenie

Celem prezentowane) pracy jest ocena urdolnien 1 aktywnose keratynolitycene) saprotrofice-
nych grzybow glebowych z jednoczesnym ustaleniem jednolitych kryteriow oceny te) aktywnosci.

W badaniach wykorzystano wlasng kolekcje grzybow (37 szczepow) wyodrebnionych glownie
z gleb uprawnych. Doswindczenia prowadzono w hodowlach plynnych stosujge keratyne od-
padowa (piora kurczgt) jako jedyne #rodlo C, N 1 5. Okresowe analizy hodowh grzybow
obeymowaly: okreslenie stopnia wykorzystania substratu, oznacrenie w preesgezach pohodow-
lanvch ilosci substancp peptydowych, grup aminowych., N-amonowego 1 siarczanow oraz pH
podioza. Ponadto okreslono ogolng aktywnose metaboliczng hodowli, biomase wyrosle) greybm
oraz aktywnos¢ proteo- | keratynolityceng przesgczy pohodowlanych. Uzyskane dane poddano
ocenie statystyczne).

Stwierdzono, #e saprotroficene grzyby glebowe wykorzystujgee natywng keratyng jako zrodlo
C. N i 51 energn mosna podziclic na typowo keratynolitvezne, t). calkowicie rozkladajgee 1e
skleroproteiny oraz potencjalnie lub slabo keratynolitveene cevli niezdolne do kompletng
solubilizacy tych substratow. Wyvenacsone jednolite kryteria aktywnosc keratynolitycene) greybow
obejmowaly: ubytek masy substratu, uwalniame substancy peptydowych 1 amoniku, wydaielanie
siarczanow 1 alkalizacye podloza. Stwierdzono, 7e degradacja odpadow keratynowych w stacjonar-
nych hodowlach grzybow przebicga dwulazowo. W lazie | okreslone) jako szybkie) hzy uplvn-
nieniu ulegalo 50% substratu. Faza Il nazwana powolng rozpoczynala sig zahamowaniem tempa
rozkladu substratu, a nastgpnie wyraznym preyvspieszeniem przyczymajgecym si¢ do kompletne
solubilizacp natywne) keratyny.
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