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Abstract. In this work, the following genuses of mycelial fungi, capable of producing
ligninolytic enzymes of various actions, were considered:Penicillium, Aspergillus,
Fusariumand Altermaria. Fungi of the genus Aspergilluswere capable of producing
laccase, manganese peroxidase and lignin peroxidase in the medium. Penicillium
mostly produced laccase. Fusariumproduced laccase, aryl alcohol oxidase, manganese-
dependent peroxidase, manganese-independent peroxidase and lignin peroxidase.
Alternariaproduced laccase, lignin peroxidase and manganese peroxidase. The results
demonstrated the possibility of using specific substrates in the study of enzyme activity,
as well as the influence of some factors introduced into the medium on the synthesis of
enzymes. The auxiliary influence of these fungi on the synthesis of ligninolytic enzymes
in symbiosis with otherswas considered.

mycelial fungi, ligninolytic enzymes, Penicillium, Aspergillus, Fusarium,
Altermaria

Lignin is one of the main components of plant tissues in quantitative terms. Its content
can be up to 30% dry matter.Being formed in large quantities and undergoing slow
biodegradation and difficult acid breakdown, lignin makes it difficult to process wood
and prevents the release and hydrolysis of substances such as cellulose, hemicellulose
and others.This reduces the efficiency and increases the costs of enterprises in various
industries. In addition, due to the harsh conditions of the lignin extraction process, partial
depolymerization and chemical modification of the initial polymer occurs.

In the modern view, the lignin molecule represents itself as a redox polymer built
from arylpropane structural units.The polymer is formed by oxidative combination of
monolignols, among which there are three main hydroxycinnamic alcohols: n-coumaric,

coniferyl, and sinapyl.Their ratio is the difference between lignin of different tree species.
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The ability of basidiomycetes to grow on decaying trees is widely known due to
the production of complex enzymes that act on native lignin, as a result of which
white or brown rot is formed on its surface. However, more and more studies have
recently appeared aimed at studying the ability of microscopic mycelial fungi to synthe-
size various enzymes of the ligninase complex, which include lignin peroxidase (LiP),
manganese-dependent peroxidase (MnP), phenol oxidizing enzymes and hydrogen
peroxide-generating enzymes. The most famous genuses of such microorganisms are
Ascomycetes and Deuteromycetes: Penicillium, Aspergillus, Trichoderma and Fusarium,

Altermaria, respectively.

21. Fungi of the genus Aspergillus

In fungi of the species Aspergillus flavum, the formation of such enzymes as lignin
peroxidases, laccase, polyphenol oxidasewas noted.At the same time, the fungal strain
isolated in the study [6], causing selective degradation of lignin in agricultural lignocel-
lulosic waste, does not affect the cellulose content. In the experiment carried out, the
activity of lignin peroxidase was 2,5 U / ml.

Aspergillus niger is also referred to as a producer of laccase, peroxide manganese
and lignin peroxidase. In the study [17], the production of enzymes was optimized, the
activity of which was 9023,67 UI/L for laccase, 2234,75 UI/L for lignin peroxidase, and
8534,81 UI/L for manganese peroxidase.

In addition to agricultural waste substrates containing lignin, which include, for exam-
ple, wheat straw, corncobs [12], palm cactus husk [17], artificially synthesized "model”
compounds that resemble parts of the proposed formula of native lignin can also be
used for research.Thus, in the article [2], the biodegradation of the azo dye malachite
green (MG) using the culture of the fungus Aspergillus flavus (F10), which secretes lac-
case and manganese peroxidases, was considered, as a result of which discoloration of
the substrate is observed.lt is worth noting the difference in temperature and pH optima
for the accumulation of a specific enzyme from this type offungy: for laccase(Lac)it is
7,5 pH and 15 °C. For LiP and MnP, the pH is 7,5-9,5 and 5,5-9,5 and 25 and 35 °C,
respectively [4]. The introduction of sodium nitrate into the medium can induce their
synthesis [1,2].

Aspergillus fumigatus and Aspergillus terreus are also mentioned as producers of

ligninase enzymes [1,8,15,16]. The latter, during solid-phase cultivation, can give out the
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specific activity of enzymes equal to 0.83 U / mg for manganese peroxidase, 18,03 U /

mg for lignin peroxidase and 0,91 U / mg for laccase without additional purification.

2.2. Fungi of the genus Penicillium

In the case of fungi of this genus, they most often speak of the laccase activity of its
enzymes. In a study [14] with a Penicillium chrysogenum strain on media containing
various dyes, neither lignin peroxidase, nor manganese-dependent peroxidase, nor
aryl alcohol oxidase were detected. Laccase activity was also studied for Penicillium

simplicissimum H5 during solid-phase fermentation with rice straw [19].

2.3. Fungi of the genus Fusarium

Fusarium solani strains are capable of producing laccases, aryl alcohol oxidase [13],
manganese-dependent peroxidase and manganese-independent peroxidase (MIP), and
lignin peroxidase. The activity of laccase can be more than 8,6 mU / mI[10], MnP - 9,43
U/ ml, LiP -33,06 U / ml [11].

Reactive oxygen species are involved in lignin degradation. This was proved by
introducing scavengers of superoxide and hydroxyl radicals into the medium with the
culture of Fusarium proliferatum, which led to a decrease in the rate and efficiency of

lignolysis [13].

2.4. Fungi of the genus Alternaria

They are capable of producing laccases [7,18], lignin peroxidase, manganese peroxidase
[9].Sucrose [2, 18], aromatic alcohols (veratryl alcohol) [10, 18] can act as an inducer of
laccase synthesis.

Inthe study [9], five fungal isolates Alternaria alternata, Alternaria sp. PMK1, Alternaria
sp. PMK2, Alternaria macrospora MKP2, and Alternaria macrospora MKP4 showed
the following maximum activities of ligninase complexes: laccase from Alternaria sp.
PMK2 - 26,50 U / ml, lignin peroxidase ofAlternaria macrospora MKP2 - 0,25 U / ml,

manganese-dependent peroxidase from Alternaria sp.PMK2 - 0,3 U / ml.
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Some studies are aimed at studying the joint inducing effect of fungi on the synthesis
of ligninolytic enzymes. T. viride and A. terreus were recognized as the best inducers of
Leptosphaerulina sp., as evidenced by the more efficient removal of the Reactive Black
5 dye as compared to monoculture [3].

The addition of Trichoderma reesei to the culture of Coprinus comatus in a ratio of 2: 5
makes it possible to increase the activity of the laccase enzyme by 106% in comparison
with the cultivation of a monoculture of Basidiomycete [5]. The laccase activity in this
study reached 32671 U / ml.

Microscopic filamentous fungi of different genusesare capable of synthesizing ligni-
nolytic enzymes, and the rate of their reproduction is higher than that of the latter,
which prompts scientists to look for new more effective strains or create complexes of

various groups of fungi, as well as modify the methods of their cultivation and study.
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