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Peroxidase, laccase and tyrosinase activity and lignin degradation were investigated
in rye straw after 20, 30 and 60 days of cultivation of the fungal complexes Galac-
tomyces geotrichum — Myrothecium verrucaria, Galactomyces geotrichum — Sporotri-
chum pruinosum, Myrothecium verrucaria — Sporotrichum pruinosum, Dipodascus
armillariae — Verticillium fungicola and Papularia sphaerosperma — Fusarium redo-
lens.

Lignin degradation was found to depend on the fungal cultivation time. The
fungal complexes Galactomyces geotrichum — Myrothecium verrucaria and Galacto-
myces geotrichum — Sporotrichum pruinosum decreased lignin content most signifi-
cantly (2.4 and 1.9 times, respectively in comparison with the control) in rye straw
(after 60 days). Under the influence of other fungal complexes the decrease made
up 1.7 to 1.25 times in comparison with the control.

The highest peroxidase activity (247.6 a.u./g) was fixed after eight days of the
fungal complex Galactomyces geotrichum — Myrothecium verrucaria cultivation. The
second maximum (192.9 a.u./g) of this complex activity was observed after 20 days
of cultivation. The lignin degradation degree in these periods was 14.28% and
12.18%, respectively.

The tyrosinase activity (4.026 c.u./g) was highest after eight days of cultivation
of the fungal complex Galactomyces geotrichum — Sporotrichum pruinosum. The
second activity maximum (2.61 c.u./g) was reached by this complex after 30 days
of cultivation. The degree of lignin degradation in these periods was 14.50% and
10.68%, respectively.

The laccase activity of the fungal complexes was very low. Their extinction
coefficient changed from 0.003 to 0.260.
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INTRODUCTION

attracts the attention of investigators. Hard-phase
fermentation is cheaper than liquid-phase. Besides,

The importance of biological delignification has been
amply demonstrated in various fields of biotechno-
logy. Fungi hold a great potential in the paper
industry to delignify wood chips, not only saving
chemical investment but also reducing pollution ha-
zards [1, 2]. Ligninolytic strains not only prevent
pollution, but have also been used for the bioconver-
sion of industrial effluents into useful energy-yield-
ing chemicals [3, 4]. With the removal of lignin
barrier cellulose becomes easily accessible for bio-
conversion. Delignification of forage crop residues
enhances their digestibility and improves their nu-
tritive value [5, 6].

Plant remnant bioconversion by microorganisms
is a complex biological and physiological process in
which many enzymatic systems take part [7-9]. Bio-
synthesis of enzymes (phenoloxidases, amylases, cel-
lulases, hemicellulases) under hard-phase conditions

a better fungal growth is noticed, more products
are received when more substrate is present, etc.
The shortcomming of this method is insufficient
standardization and control of the process; besides,
cultural growth thermoregulation is rather difficult.

The goal of the work was to elucidate lignin
degradation in rye straw, exposing it to fungal com-
plexes under hard-phase fermentation conditions,
and to determine the activity of phenoloxidases (pe-
roxidases, laccases and tyrosinases) of fungi-destruc-
tors in connection with lignin degradation. We used
mineral additives to improve fungal growth and to
hasten lignin degradation.

MATERIALS AND METHODS

The object of the investigation was five fungal com-
plexes and rye straw. Fungi Galactomyces geotrichum
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(Butl et Petersen) Ditmar ex Fries, Myrothecium ver-
rucaria (Alb. et Sweinitz) Ditmar ex Fries, Sporotri-
chum pruinosum (Gilman et Abbott), Dipodascus ar-
millariae W. Gams, Verticillium fungicola (Preuss)
Hassebr., Papularia sphaerosperma (Pers) Hohn, Fu-
sarium redolens Wr. isolated from various substrata
were used for the detection of enzymatic activity
and for the examination of lignin degradation de-
gree.

Five fungal complexes were composed and stu-
died:

1. Galactomyces geotrichum — Myrothecium verru-

caria

2. Galactomyces geotrichum — Sporotrichum prui-
nosum

3. Myrothecium verrucaria — Sporotrichum pruino-
sum

4. Dipodascus armillariae — Verticillium fungicola
5. Papularia sphaerosperma — Fusarium redolens.

Plant remnants were moistened with mineral so-
lution (0.3 g NH,NO, and 0.1 g KH,PO, was added
to 10 g of air-dried material). Fungi were cultivated
on plant remnants for 60 days at 28 °C. The acti-
vity of phenoloxidases (peroxidases, laccases and ty-
rosinases) and lignin degradation degree were fixed
in biomass after 4, 8, 12, 16, 20 days and in the
later fungal complex cultivation stages: after 30 and
60 days.

Peroxidase activity was determined with o-diani-
sidine reagent [10], laccase — with p-phenylenedia-
mine chloride [11] and tyrosinase — with tyrosine
[12]. Lignin amount was estimated in rye straw ac-
cording to Khudiakova’s method [13].

RESULTS AND DISCUSSION

Peroxidase activity. The investigations showed (Fig.
1) the first and highest maximum (247.6 a.u./g) of
peroxidase activity of the Galactomyces geotrichum —
Mpyrothecium verrucaria complex after eight days of
cultivation. The second peroxidase activity maximum
(192.9 a.u./g) of this complex was detected after 20
days. The lignin degradation degree during these
periods was 14.28% and 12.18%, respectively.

The fungal complex Galactomyces geotrichum —
Sporotrichum pruinosum reached the first peroxida-
se activity maximum (2254 a.u./g) also after eight
days of cultivation. During further cultivation the
enzymatic activity decreased and reached the second
activity maximum (66.51 a.u./g) only after 60 days
of cultivation (Fig. 1). In this period the fixed lig-
nin degradation degree was 8.34%.

The fungal complex Myrothecium verrucaria — Spo-
rotrichum pruinosum, like the previous two, reached
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Fig. 1. Peroxidase activity of micromycete complexes du-
ring their cultivation on rye straw for 4 to 60 days. Figs.
1-4 — micromycete complexes: I — Galactomyces geotri-
chum — Myrothecium verrucaria, 2 — Galactomyces geotri-
chum — Sporotrichum pruinosum, 3 — Myrothecium verru-
caria — Sporotrichum pruinosum, 4 — Dipodascus armilla-
riae — Verticillium fungicola, 5 — Papularia sphaerosperma —
Fusarium redolens

the highest peroxidase activity (202.3 a.u./g) and lig-
nin degradation degree (13.47%) after eight days of
cultivation. Afterwards, this activity decreased gradu-
ally and its second maximum (91.39 a.u./g) was de-
tected after 30 days of cultivation.

Peroxidase activity of the fungal complexes Di-
podascus armillariae — Verticillium fungicola and Pa-
pularia sphaerosperma — Fusarium redolens wasn’t
high during 20 days and in the later cultivation sta-
ges (30 and 60 days) didn’t occur at all.

Two peaks of peroxidase activity show that dur-
ing fungal growth on natural complex polymers une-
ven increase of micelium and necrosis occur, re-
sulting in uneven enzymatic activity.

Tyrosinase activity. The investigations showed
that the change regularities of tyrosinase activity of
the fungal complexes Galactomyces geotrichum — My-
rotecium verrucaria were analogous to the change
regularities of peroxidase activity during 20 days.
The first enzymatic activity maximum (1.03 c.u./g)
of this complex was fixed after eight days of cul-
tivation; it decreased to 0.825 c.u./g on day 12th of
cultivation and the second activity maximum
(1.42 c.u./g) was reached after 20 days (Fig. 2).

The highest tyrosinase activity maximum (4.026
c.u./g) of the fungal complex Galactomyces geotri-
chum - Sporotrichum pruinosum was detected not
only after eight days of cultivation but, in contrast
to all cultivated fungal complexes, during 20 days
as well. During further cultivation this activity dec-
reased and reached the second activity maximum
(2.61 c.u./g) on day 30 of cultivation.

Tyrosinase activity of other three fungal complexes
was lower after 20, 30 and 60 days: this activity of the
fungal complexes Dipodascus armillariae — Verticillium
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Fig. 2. Tirosinase activity of micromycete complexes du-
ring their cultivation on rye straw for 4 to 60 days

fungicola and Papularia sphaerosperma — Fusarium re-
dolens didn’t show at all on day 16 of cultivation.
Laccase activity. The laccase activity of the fun-
gal complexes Galactomyces geotrichum — Myrothe-
cium verrucaria, Galactomyces geotrichum — Sporotri-
chum pruinosum and Myrothecium verrucaria — Spo-
rotrichum pruinosum was very low. Their extinction
coefficient changed from 0.003 to 0.05 (Fig. 3).
The fungal complex Dipodascus armillariae — Ver-
ticillium fungicola stood out for a higher laccase ac-
tivity and reached the maximum activity (extinction
coefficient 0.232) on day 12 of cultivation; later it
gradually decreased and was 0.11 on day 20. The
activity maximum (extinction coefficient 0.260) of
the fungal complex Papularia sphaerosperma — Fusa-
rium redolens was reached after eight days; after-
wards it gradually decreased, slightly increasing (up
to the extinction coefficient of 0.120) on day 16 of
cultivation. During 30 and 60 cultivation days the
laccase activity of these complexes was low.
Lignin. A 16.2% lignin content was fixed in the
control rye straw. During fungal complex cultivation
for 20 days the lignin degradation went on slowly
(Fig. 4). In this period the content of lignin was
changed more significantly by the fungal complexes
Galactomyces geotrichum — Sporotrichum pruinosum
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Fig. 3. Laccase activity of micromycete complexes during
their cultivation on rye straw for 4 to 60 days
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Fig. 4. Change of lignin content in rye straw after culti-
vation of micromycete complexes for 30 and 60 days

and Galactomyces geotrichum — Myrothecium verru-
caria: 1.4 and 1.33 times, respectively, in compari-
son with control. The complex Dipodascus armilla-
riae — Verticillium fungicola changed lignin content
least significantly (1.16 times).

The analysis showed that deeper lignin degrada-
tion went on in the later stages of fungal cultiva-
tion (after 60 days). The fungal complexes Galacto-
myces geotrichum — Myrothecium verrucaria and Ga-
lactomyces geotrichum — Sporotrichum pruinosum dec-
reased lignin content 2.4 and 1.9 times, respectively
in comparison with control. Under the influence of
other fungal complexes its content decreased from
1.7 to 1.25 times in comparison with control.
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MIKROMICETU KOMPLEKSU FENOLOKSIDAZINIS
AKTYVUMAS TVIRTAFAZES FERMENTACLJOS
SALYGOMIS

Santrauka

Istirta mikromicety kompleksy Galactomyces geotrichum—
Myrothecium verrucaria; Galactomyces geotrichum—-Sporot-
richum pruinosum; Myrothecium verrucaria—Sporotrichum
pruinosum; Dipodascus armillariae-Verticillium fungicola ir
Papularia sphaerosperma—Fusarium redolens peroksidazés,
lakazés ir tirozinazés aktyvumas, taip pat lignino degrada-
cija rugiy Siauduose po mikromicety kultivavimo 20, 30 ir
60 pary.

Nustatyta, kad lignino degradacija priklaus¢ nuo mik-
romicety kultivavimo trukmés. Maksimaliai lignino kieki
rugiy Siauduose (po 60 pary) sumazino Sie mikromicety
kompleksai: Galactomyces geotrichum—Myrothecium verru-
caria, Galactomyces geotrichum—Sporotrichum pruinosum

(atitinkamai 2,4 ir 1,9 karto, palyginus su kontrole). D¢l
kity mikromicety kompleksy poveikio Sis sumazéjimas su-
daré nuo 1,7 iki 1,25 karto, palyginus su kontrole.

Didziausias peroksidazés aktyvumo maksimumas (247,6
a.v./g) buvo nustatytas po mikromicety komplekso Galac-
tomyces geotrichum—Myrothecium verrucaria Kkultivavimo
8 paras. Antras Sio komplekso aktyvumo maksimumas
(192,9 a.v./g) buvo po 20 kultivavimo pary. Lignino de-
gradacijos laipsnis $iais periodais atitinkamai sudaré¢ 14,28
ir 12,18%.

Maksimalus tirozinazés aktyvumas (4,026 sal. v./g) bu-
vo po mikromicety komplekso Galactomyces geotrichum-—
Sporotrichum pruinosum kultivavimo 8 paras. Antra akty-
vumo maksimuma (2,61 sal.v./g) Sis kompleksas pasieké
po 30 kultivavimo pary. Lignino degradacijos laipsnis $iais
periodais atitinkamai sieke 14,50 ir 10,68%.

Mikromicety kompleksy lakazés aktyvumas buvo ne-
didelis. Jy ekstinkcijos koeficientas keitési nuo 0,003 iki
0,260.



