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Twelve producers of phenoloxidases — the fungi Galactomyces geotrichum, Myrothe-
cium verrucaria, Mortierella verticillata, Dipodascus armillariae, Dipodascus albidus,
Geotrichum candidum, Oedocephalum albidum, Mortierella hyalina, Hormonema pru-
norum, Papularia sphaerosperma, Aspergillus repens, Sporotrichum pruinosum were
studied. Their peroxidase, lacase and tyrosinase activity was defined when micro-
mycetes were cultivated in n-Czapek medium (control variant) and in Czapek
medium with 5 mM K,Cr,0,.

A metal concentration of 5 uM K,Cr,0, was found to reduce the biomass of
all micromycetes studied. This decrease in Myrothecium verrucaria was 3.3, Asper-
gillus repens 4.14; Dipodascus armillariae 3.7 and Papularia sphaerosperma 3.13 ti-
mes larger than in the control.

The concentration of 5 uM Cr®* stimulated the peroxidase of all micromycetes,
and its maximum was reached on day 21 of cultivation. Galactomyces geotrichum,
Myrothecium verrucaria, Mortierella verticillata, Mortierella hyalina and Hormonema
prunorum showed the greatest peroxidase activity (33.15, 32.19, 29.69, 25.31 and
23.75 u/ml, respectively).

The influence of Cr®*on the lacase activity of various micromycetes was diffe-
rent. The activity of Dipodascus albidus, Dipodascus armillariae, Motierella verticil-
lata (0.098, 0.092, 0.068 D, respectively) was highest after 8 days and of other
micromycetes after 13 days of cultivation.

The peak of tyrosinase activity of all micromycetes studied was noted after 21
days of cultivation. The highest tyrosinase activity was shown by Myrothecium ver-

rucaria (34.15), Aspergillus repens (28.44) and Mortierella hyalina (28.31 cu/g).
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INTRODUCTION

The problem of bioconversion of plant polymers is
not new, but it is still urgent. A substratum of plants
still remains the main raw material for obtaining
fodder and physiologically active substances.

Bioconversion of a plant substratum, which de-
pends on microorganisms, is a complex biochemical
and physiological process in which many ferment sys-
tems take part.

The main enzymes produced by micromycetes,
which take part in the degradation of lignin, are
phenoloxidases: peroxidase of lignine, Mn-peroxida-
se and lacase [1,3,6]. An important role in this
process falls to tyrosinase, catalase and glucooxidase.

Various ecological factors have a great influence
on the activity of phenoloxidases and on the decay
course of plant waste. Micromycetes react not only
to the amount of nutrition elements in soil, but also
to temperature, acidity of soil (pH), moisture and
pollution by various chemical substances.
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Large concentrations of heavy metals sometimes
are over 1 g/l"! and often harmful for microorganisms.
Some microorganisms can modify chemical elements
and remove them from a medium, if the concentra-
tion of these elements is low and they are not toxic.

A certain group of microorganisms are able to use
some combination of heavy metals (if their concentra-
tion is not toxic) as an energy source and as a final
acceptor of electron. Among other elements, chromium
is an essential micronutrient in some biological sys-
tems, especially in insulin action, possibly glucose uti-
lization [2] and stimulation of enzyme systems [5]. Lit-
tle is known of microbial requirements; it is more fre-
quently regarded as a toxic element to which some
organisms have evolved resistance mechanisms.

The object of the work was to select micromyce-
tes — producers of phenoloxidases and to determine
their peroxidase, lacase and tyrosinase activities and
to show changes of ferments’ activity under the in-
fluence of Cr¢*.
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MATERIALS AND METHODS

The substrates of peroxidases, lacases and tyrosina-
ses were determined by the method of Lyro [4].
The influence of Cr®* on the activity of peroxidase,
lacase and tyrosinase was defined when micromyce-
tes — producers of phenoloxidases were cultivated in
n-Czapek medium (control variant) and in Czapek
medium with 5 uM K,Cr,O,. Micromycetes were cul-
tivated under such conditions for 21 days at a tem-
perature of 28 °C. Later on an increase in the bio-
mass and in the activity of peroxidases, lacases and
tirozinases were determined.

Peroxidase activity (PA) was determined with
o-dianisidin reagent [10], lacase — with p-phenylendia-
min chloride [7], and tirozinase — with tyrosine [9].

RESULTS

The following micromycetes — peroxidase and lacase
producers were screened by oxydase tests (0.005%
o-naphthole): Galactomyces geotrichum (Butl. et Pe-
tersen) Redhead et Malloch, Myrothecium verrucaria
(Alb. et Schweinitz) Ditmar ex Fr., Mortierella verti-
cillata Linnem, Dipodascus armillariae W. Gams, Di-
podascus albidus Lagerh, Geotrichum candidum
Link:Fr., Oedocephalum albidum (Preuss) Sacc., Mor-
tierella hyalina Hair W. Gams, Hormonema pruno-
rum (Dennis et Buhagiar) Hermanides-Nijhof, Pa-
pularia sphaerosperma (Pers.) Hohn, Aspergillus re-
pens de Bary, Sporotrichum pruinosum Gilman et Ab-
bott.

The influence of Cr®* on increase of biomass of
micromycetes. In these studies, the largest amount
of biomass (Fig. 1) was determined after cultivation
of Myrothecium verrucaria, Aspergillus repens, Dipo-

dascus armillariae and Papularia sphaerosperma (9.82;
7.33; 7.24 and 7.28 mg/l respectively).

The metal concentration of 5 uM K,Cr,O, redu-
ced the biomass of all micromycetes studied. This
concentration of chromium reduced the amount of
biomass of Myrothecium verrucaria to 2.95, Aspergil-
lus repens to 1.77, Dipodascus armillariae to 1.95 and
Papularia sphaerosperma to 2.32 mg/l. This decrease
was 3.3, 4.14, 3.7 and 3.13 times higher in compa-
rison with the control.

Fungi are most resistant to concentrations of to-
xic substances and to ions of heavy metals [11]. Fungi
have two reaction groups which protect them from
high concentrations of heavy metals: 1) when the
ions of metals are bound outside the cell (exometa-
bolites of the cell which make insoluble combina-
tions with metals are accumulated) or are absorbed
on the surface of the cell wall; 2) protective reac-
tions, which are going on inside the cell and whose
aim is detoxication of heavy metal ions. The essen-
ce of these reactions is induction of substances that
convert ions into non-toxic forms. Some microorga-
nisms oxidize the reduced forms of heavy metals,
others reduce the oxidized forms of such elements.

The influence of chromium additions on the ac-
tivity of peroxidases, lacases and tyrosinases of mic-
romycetes. A low peroxidasic activity of all cultiva-
ted micromycetes was observed in n-Czapek medium
(Fig. 2). More active were Dipodascus albidus, Hor-
monema prunorum and Mortierella verticillata (1.63;
1.44 and 1.28 units of peroxidasic activity/ml (u/ml),
respectively).

Studies of peroxidase activity changes in the dy-
namic growth of micromycetes indicated that this
activity manifested in the later period of the growth.
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Fig. 1. The influence of chromium on increase of bio-  Fig. 2. Peroxidase activity of micromycetes in n-Czapek
medium

mass of micromycetes
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It was noted that the activity of some species of
micromycetes appeared on the fourth day of culti-
vation, of in others on the 7th day and in some of
them in the later period of growth. According to
literature sources [8], a large amount of auxin inhi-
bits peroxidase activity in organs of Elodea densa
which grows fast. The oxidation process begins in
later stages of growth when auxin doesn’t act any
more. Auxins are synthesized not only by plants,
but also by fungi [12].

The concentration of 5 uM K, Cr,0, was found
to stimulate the peroxidase of all the investigated
micromycetes (Fig. 3), and its maximum was rea-
ched on day 21 of cultivation. Galactomyces geotri-
chum, Myrothecium verrucaria, Mortierella verticillata,
Mortierella hyalina and Hormonema prunorum sho-
wed the highest peroxidase activity (33.15; 32.19;
29.69; 25.31 and 23.75 u/ml, respectively). Lower ac-
tivity of this enzyme (17.19 and 19.41 u/ml) was
noted after cultivation of Dipodascus albidus and Spo-
rotrichum pruinosum.

Lacase activity. The lacase activity of all micro-
mycetes cultivated in n-Czapek medium was low
(Fig. 4). Higher lacase activity was exhibited by Oedo-
cephalum albidum, Myrothecium verrucaria and Spo-
rotrichum pruinosum after 4 days of cultivation
(0.061, 0.059 and 0.053 ext. coefficient (D), respec-
tively). Lacase activity of all micromycetes studied
progressively decreased in the further course of cul-
tivation, and on day 18 of cultivation this enzymatic
activity of Mortierella verticillata, Dipodascus armilla-
riae, Dipodascus albidus and other fungi was 0.023,
0.021 and 0.022 D, respectively. Lacase activity sligh-
tly increased after 21 days of cultivation again.
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Fig. 3. The influence of chromium on the activity of pe-
roxidases in micromycetes
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Fig. 4. Lacase activity of micromycetes in n-Czapek me-
dium
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Fig. 5. The influence of chromium on the activity of la-
cases in micromycetes

The influence of 5 uM K,Cr,O, (Fig. 5) stimula-
ted the lacase activity of all micromycetes studied,
except Oedocephalum albidum whose enzymatic ac-
tivity did not manifest at all on day 18 of cultivation;
on day 21 its activity was 0.06 D. The influence of
Cr®* on the lacase activity of various micromycetes
was different. The activity of some micromycetes such
as Dipodascus albidus, Dipodascus armillariae, Motie-
rella verticillata (0.098; 0.092; 0.068 D, respectively)
was highest after 8 days and of other micromycetes
such as Sporotrichum pruinosum, Mortierella hyalina
after 13 days the cultivation (0.09 and 0.08 D, respec-
tively). Lacase activity of all micromycetes studied
progressively decreased in the further course of cul-
tivation, remaining higher on the 21st day of Sporot-
richum pruinosum and Hormonema prunorum culti-
vation (0.078 and 0.068 D, respectively).
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Fig. 6. Tyrosinase activity of micromycetes in n-Czapek

medium
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Fig. 7. The influence of chromium on the activity of ty-
rosinases in micromycetes

Tyrosinase activity. Tyrosinase activity of micromy-
cetes in the n-Czapek medium was different (Fig. 6):
Galactomyces geotrichum reached its maximum on the
13th day (6.45 conditional unit/g (cu/g)), Myrothecium
verrucaria (1.83 cu/g) on the 18th day, Mortierella verti-
cillata (2.71 cu/g) on the 4th day of cultivation, and
so on. The highest tyrosinasic activity was observed
in Galactomyces geotrichum (6.45), Oedocephalum
albidum (4.21 on the 8th day of cultivation) and
Sporotrichum pruinosum (3.02 cu/g) on the 4th, 8th
and 18th days of cultivation.

The concentration of 5 uM K,Cr,O, stimulated
the tyrosinase activity of almost all micromycetes stu-
died (Fig. 7). The tyrosinasic activity in all micromy-
cetes studied was determined after 21 days of cul-
tivation. The highest tyrosinase activity was shown

by Myrothecium verrucaria (34.15), Aspergillus repens
(28.44) and Mortierella hyalina (28.31 cu/g) after 21
days of cultivation.
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MIKROMICETU - FENOLOKSIDAZIU
PRODUCENTU SAVYBES

Santrauka

Istirta 12 mikromicety — fenoloksidaziy producenty: Ga-
lactomyces geotrichum, Myrothecium verrucaria, Mortierel-
la verticillata, Dipodascus armillariae, Dipodascus albidus,
Geotrichum candidum, Oedocephalum albidum, Mortierel-
la hyalina, Hormonema prunorum, Papularia sphaerosper-
ma, Aspergillus repens, Sporotrichum pruinosum peroksi-
dazinis, lakazinis ir tirozinazinis aktyvumas, kultivuojant
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juos n-Capeko terpéje ir terpéje, i kuria buvo jneita
5mM Cro+ .

Nustatyta, kad dél visy tirty mikromicety Cr®" suma-
z€jo biomases kiekis. Myrothecium verrucaria, Aspergillus
repens, Dipodascus armillariae ir Papularia sphaerosperma
biomasés sumazejimas sudaré atitinkamai 3,3; 4,14; 3,7;
3,13 karto, palyginti su kontrole.

Istirta, kad 5 mM Cr®* koncentracija suaktyvino visy
tirty mikromicety peroksidaze, ir fermentas aktyvumo
maksimuma pasieke 21-g kultivavimo parg. Didziausiu pe-
roksidaziniu aktyvumu pasizymejo Galactomyces geotrichum,
Myrothecium verrucaria, Mortierella verticillata, Mortierella

50

hyalina, ir Hormonema prunorum (atitinkamai 33,15; 32,19;
29,69; 25,31 ir 23,75 akt. vnt./ml).

Nustatyta, kad mikromicety lakazinis aktyvumas del 5
mM Cr®* buvo permainingas. Mikromicety Dipodascus al-
bidus, Dipodascus armillariae ir Mortierella verticillata aktyvu-
mo maksimumas buvo pasiektas po 8 kultivavimo pary (ati-
tinkamai ext. koef. 0,098; 0,092 ir 0,068). Kity mikromicety
lakazinis aktyvumas buvo didesnis po 13 kultivavimo pary.

Visy tirty mikromicety tirozinazinio aktyvumo maksi-
mumas buvo nustatytas 21-g kultivavimo para. Didziausiu
fermentiniu aktyvumu pasizymeéjo Myrothecium verrucaria
(34,15), Aspergillus repens (28,44) ir Mortierella hyalina
(28,31 sal.vnt./g).



