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ABSTRACT

Fungi are one of the most important groups of microorganisms in the environment, and due to their ability to
produce several types of enzymes, they play an essential role in the environment. During this study, fourteen
species of fungi were isolated from fifteen soil samples collected from several agricultural areas in Basrah
Governorate, southern Iraq, and their enzymatic activity was tested for four extracellular enzymes (cellulase
C, laccase La, lipase Lp, and manganese peroxidase Mp) on specific solid media. The isolated fungi showed
good enzymatic activity, in which 12 fungal species can secret manganese peroxidase, 11 can secret cellulase,
9 can secret lipase, and five can secret laccase enzyme. Aspergillus candidus and A. versicolor showed a
positive detection for all enzymes, Cladosporium showed positive detection for C, Lp, and Mp, while Mucor
sp. showed negative detection for all enzymes.

Keywords: Enzymatic activity, Fungal diversity, soil.

INTRODUCTION

Fungi play an essential role in the decomposition process of organic substances by enzyme secretion, such as

(cellulase, laccase, lipase, and manganese peroxidase). The microbes need to produce an extracellular enzyme
to convert polymeric compounds such as cellulose, lignin, starch, pectin, and other components into smaller
molecules that can be assimilated easily !.

Many researchers have tended to exploit these compounds to produce simple saccharides of industrial
importance, such as biofuel production, beverage, confectionery, textile, and leather. They are also used in the
biological treatment of organic and inorganic pollutants using the enzymes produced by fungi. There are
different types of fungal enzymes involved in this process, such as cellulase enzyme, which is capable of
decomposing cellulose into glucose %; the laccase enzyme can break the lignin that gives the wood its added
firmness additionally, it breaks down aromatic hydrocarbon molecules °, lipase enzyme stimulates several
chemical reactions for the hydrolysis of fats, which are crucial components of agricultural and oil waste ¢, and
manganese peroxidase enzyme which is secreted mainly by white rot fungi and play a dynamic role in the
polymerization and depolymerization of lignin and the oxidation of phenolic and non-phenolic compounds .
The degradation of all organic and agricultural substances depends on the presence or the absence of enzymes
secreted by the microorganisms and the strength of the enzymes themselves ®. These extracellular enzyme
systems secreted into their surrounding environment allow the fungi to grow on various natural and artificial
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substrates, where they break down a variety of substrates into small molecules that may be taken up and
digested by their cells .

The present study investigated the diversity of fungi in some agricultural soil and evaluated their ability to
secrete cellulase, lipase, laccase and manganese peroxidase enzymes.

MATERIALS AND METHODS

Sampling sites

Fifteen soil samples were collected from various agricultural locations in the Basrah Governorate. These areas
include Abu Al-Kasib, Garmah Ali and Alqurna. These locations have different plant types ranging from date
palms to vegetables. 250 g of agricultural soil was taken from the soil each time. Each sample was taken from
other locations and mixed to form one homogenized sample.

Isolation and identification of fungi

Dilution plate method ®, was used to isolate fungi from fifteen soil samples collected from various agricultural
locations in the Basrah Governorate, in which 10 g of soil were diluted in 90 ml Distilled water to make a
dilution of 10!, Potato dextrose agar medium (PDA) supplemented with 250 mg/l  chloramphenicol
antibiotic was used for the cultivation and isolation of fungi from the diluted soil samples; it was prepared
according to the direction of the manufacturing company (Hi-Media, India). The cultures were incubated at
25 °C and examined first after 3-4 days from incubation to see the fungal hyphae, and they were further set
for one to two weeks.

The isolated fungi were first tested under the dissecting microscope. Then, slides were prepared from the
isolated fungi and stained with lactophenol cotton blue dye to see the microscopic features of each fungal

isolate under the compound microscope. The isolated fungi were identified according to the following % 1% 1

12,13

The percentage of occurrence for the isolated fungi was recorded according to the following equation:

Number of samples in which the genus or species appeared
Occurrence % = x 100 (1)

Total number of samples

Evaluation of the enzymatic activities of the isolated fungi

The enzymatic activity was evaluated using special media; pure cultures from all fungal isolates were first
activated on a PDA medium for one week at 25 °C. Then, a disk was taken by a cork borer 5 mm from the
edge of each fungal isolate and used to inoculate the center of the media to study the enzymatic activity for
each enzyme as follows.

Cellulase enzyme

Carboxymethyl cellulose medium (CMC) was used to evaluate the ability of the isolated fungi to secret
cellulase enzyme; this medium contained g/l: 1g K;PO4, 0.5g KCL, 2g NaNos, 0.5g MgSO4: 7H20, 2g
carboxy methyl cellulose, 20g agar and 1L distilled water '*. After 3-7 days of incubation at 25 °C, the plates
were flooded with 0.2% aqueous Congo red solution and distained with 1M NaCl for 15 minutes. The
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appearance of yellow areas around the fungal colony indicates positive activity; otherwise, the red medium
shows harmful activity. !,

Lipase enzyme

Peptone agar medium was used to evaluate the ability of the isolated fungi to secret lipase enzyme; the
composition of this medium was g/l: 10g peptone, 5g NaCl, 0.1g CaCl.,H»O, 20g agar and 1L distilled water;
pH6.0 supplemented with 1% Tween 20 separately sterilized by filtration using Millipore filter paper 0.45 um
and added to the medium. After seven days of incubation at 25 °C it was observed that some fungal isolates
formed visible precipitation around the colony due to the formation of calcium salts of the lauric acid liberated
by the enzyme, which indicated positive lipase activity of the fungi, while others didn’t form any precipitation
which means hostile activity .

Laccase enzyme

The ability of fungi to secret laccase enzyme was evaluated by using Glucose yeast extract peptone agar
medium containing g/l: 20g glucose, 5g yeast extract,10g peptone, 20g agar and 1L distilled water and
supplemented with 0.05g a-naphthol, pH 6.0. After seven days of incubation at 25 °C, it was observed that
only the fungal isolate, which has a positive ability to secrete laccase enzyme, turns the colorless medium into
dark due to the oxidation of a -naphthol by laccase enzyme '.

Manganese peroxidase enzyme

The ability of fungi to secret manganese peroxidase enzyme was evaluated by using Czapek-dox agar medium,
which was prepared according to the direction of the manufacturing company (Hi-Media, India), and then
supplemented with phenol red dye at a concentration of 0.0025%. After seven days of incubation at 25 °C, it
was observed that some fungal isolates turned the color of the medium from red to yellow, which indicates a
positive reaction, and the isolate can secret manganese peroxidase enzyme; otherwise, red medium indicates
negative activity '°.

Statistical analysis

The ANOVA analysis was used by applying Minitab ver.16 to statistically analyze the results of the fungal
enzymatic activity. The mean was tested using the least significant difference RLSD test under the probability
level 0.01.

RESULTS AND DISCUSSION

Fungal identification

Fourteen isolates were counted from fifteen agricultural soil samples (table 1). These belong to 8 fungal genera
in addition to sterile mycelia. Thirteen species from them, with 92.85 % percentage of occurrence, belonged
to ascomycota either in their anamorphic state with 12 species or with its telemorphic state with only one
species, Chaetomium sp. in the second place came the zygomycota with only one species Mucor sp. and 7.1 %
percentage of occurrence.

The appearance of the ascomycetes fungi with their anamorphic state in high percentage was due to their
ability to produce many reproductive units. This allows them to spread quickly in the environment. Also, they
can secrete different types of enzymes, enabling them to use other materials in the environment for growth.
Besides, they can tolerate the stress in the atmosphere; these features allow them to be one of the most

widespread groups of fungi in the environment '6 17- 1819,
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The number of isolated fungi in this study seems to be low compared to the other studies; this may be due to
the high temperatures during the time of sample collection, which may reach 50 °C, which negatively affects
the growth of fungi in the environment. In general, the differences in the percentages of appearance of fungal
genera may be due to their ability to tolerate and adapt to extreme conditions, their adaptation to a wide range
of temperatures and their ability to secrete different types of enzymes that enable them to decompose various
materials and exploit them as a source of energy and growth, in addition to their ability to produce a large
number of reproductive units which enable them to spread in the environment 2°.

The percentage of occurrence of species ranged from 7.1%, like  Alternaria sp. and Bipolaris sp., to 57.1 %
in Aspergillus niger; most of the isolated species belonged to the genus Aspergillus with 7 species. This genus
has high enzymatic activity and produces large quantities of reproductive units, which enable its species to
adapt very well to their environment. It can grow and widely spread in the environment '2.

This result is consistent with other studies in which the Ascomycetes and the genus Aspergillus represent the

most isolated fungi 21222324,
No. Fungal species % of oc- No. Fungal species % of oc-
currence currence

1 Alternaria sp. 7.1 9 Bipolaris sp. 7.1
2 Aspergillus candidus 21.4 10 Chaetomium sp. 7.1
3 A. flavus 35.7 11 Cladosporium sp. 7.1
4 A. fumigatus 14.2 12 Fusarium sp. 14.2
5 A. niger 57.1 13 Macrophomina sp. 7.1
6 A. terreus 21.4 14 Mucor sp. 21.4
7 A. versicolor 21.4 15 Sterile mycelia 21.4
8 Aspergillus sp. 21.4

Table 1. The isolated fungi with their percentage of occurrence

Enzymatic activity

The enzymatic activity of 14 fungal species isolated from agricultural soil was evaluated to study their ability
to secrete cellulase, laccase, lipase and manganese peroxidase enzymes.

However, there is an evident variation between the different fungal isolates in terms of their enzymatic abilities;
the results showed that there were significant differences between the other fungal species in their enzymatic
activity, whether between the species belonging to one genus or between species of different genera in terms
of the number of enzymes that each fungus was able to secrete and the quantity of its secretion. The isolates
showed diverse levels of enzymatic activity, and this may be due to the enzymatic capacity that differs from
one species to another according to its adaptation to the environment in which it lives and the inherent
enzymatic activity of each fungus, in fact, in the atmosphere each fungal species possesses an enzymatic

capacity that distinguishes it from other. %>
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The results showed that the tested fungi could secrete from one to four different types of examined enzymes
except the Mucor sp., which was unable to secrete any enzymes. In comparison, the species Aspergillus
candidus and A. versicolor were able to secrete all four types of enzymes but in varying ability.

In general, when some species appear to have a negative result, this doesn’t mean they don’t have any
enzymatic activity. It may refer to either it producing an enzyme but doesn’t liberate from the hyphae or it
produces and liberates. Still, the medium limits enzyme secretion; therefore, the negative results do not
represent an absolute confirmation of the species’ inability to make the specific enzyme °.

Most of the studied fungi were able to secrete manganese peroxidase enzyme, and 12 species of fungi were
able to secret it, but with different capabilities; it gave a positive reaction by changing the color of the medium
from red to yellow due to the transformation of phenol aromatic ring. The significant change in color of the
media refers to the greater secretion of this enzyme by the fungus with different capabilities of secretion rates
from low as in Alternaria sp., to high secretion as in Aspergillus candidus (Table 2, Fig.1).

(No secretion) Chaetomium sp. (Strong secretion) Aspergillus candidus

Figure 1. The ability of some fungi to secret manganese peroxidase

The fungi that can secrete this enzyme are distinguished by their ability to decompose complex pollutants and
convert them into substances used as a source of energy and carbon®.

Numerous fungi possess the manganese peroxidase enzyme, a part of the ligninolytic, extracellular enzymatic
system primarily responsible for degrading lignin. It can also degrade organic pollutants and is a commonly
used enzyme in converting toxic environmental contaminants into less toxic ones. Therefore, the manganese
peroxidase enzyme plays an essential role in the biological activity of fungi due to its ecological importance
and fungi that can secrete this enzyme are distinguished by their ability to decompose complex pollutants and
convert them into substances used as a source of energy and carbon 2. This result is consistent with the study
of 28, who has found that most of his fungal isolates could secrete this enzyme.
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No. Fungal species MnP No. Fungal species MnP
enzyme enzyme
activity activity

1 Aspergillus candidus +++ 8 A. fumigatus +
2 A.  flavus +++ 9 A. versicolor +
3 A. terreus +++ 10 Bipolaris sp. +
4 A. niger +++ 11 Macrophomina sp. +
5 Aspergillus sp. 4+ 12 Alternaria sp. +
6 Cladosporium sp. ++ 13 Chaetomium sp. _
7 Fusarium sp. ++ 14 Mucor sp. _

- No color change, + Simple color change, ++ Medium color change, +++ Strong color change

Table 2. Fungal enzymatic activity for manganese peroxidase enzyme

The cellulase enzyme came in second place, with 11 fungal species reacting positively by forming a yellow
halo around the fungal colony due to the degradation of complex carbohydrates into simple sugars.

The widest halo refers to the ability of fungi to secret the enzyme. The rat secretion rates went from low,
as in Macrophomina sp., to high secretion, as in Cladosporium sp. (Table 3, Fig.2). The results of statistical
analysis showed significant differences (P<0.01) between the tested fungi in their ability to produce
cellulase enzyme. A large number of microorganisms are involved in the degradation of cellulose.
However, the cellulase enzyme plays a significant role in the biological activity of fungi, and they are still
one of the most essential microorganisms in cellulose degradation. It has an extracellular enzyme system
that breaks down cellulose into glucose that dissolves in water and can be used as a source of energy. So,
it’s played an essential role in decomposing plant waste, in which cellulose forms approximately 94% 2°.
This result agrees with the study of 30, which showed nineteen species of fungi to grow on a cellulose

medium.

No. Fungal species Cellulase No. Fungal species Cellulase
enzyme enzyme
activity activity

1 Cladosporium sp. +++ 8 Alternaria sp. +
2 Aspergillus candidus +++ 9 Chaetomium sp. +
3 A. terreus +++ 10 A. niger +-
4 Aspergillus sp. +++ 11 Macrophomina sp. +-
5 A. fumigatus +++ 12 Bipolaris sp. -
6 A. versicolor +++ 13 Fusarium sp. -
7 A. flavus ++ 14 Mucor sp. -
RLSD =1.6679

- 0 mm. No secretion

+- 3-1 mm. Weakly secretion

+ 5-3 mm. Medium secretion
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++ 8-5 mm. Good secretion
+++  11-8 mm. Strong secretion

Table 3. Fungal enzymatic activity for cellulase enzyme

(Strong secretion) Cladosporium sp. (No secretion) Bipolaris sp.

Figure 2. The ability of some fungi to secret cellulase enzyme

The lipase enzyme came in the third level, in which nine fungal species achieved excellent efficiency in the
secretion of this enzyme by forming a transparent halo around the fungal colony due to the formation of a
white precipitate or white crystals.

The ability to produce lipase enzyme appears with different capabilities of secretion rates from low as in
Chaetomium sp., to high secretion, as in Cladosporium sp. (Table 4, Fig.3). The results of statistical analysis
showed significant differences (P<0.01) between the tested fungi in their ability to produce lipase enzyme.
Several studies indicate the fungal ability isolated from agricultural soil to produce lipase enzymes like 28, 32.
And many fungi can secrete this enzyme, and this may be because lipase is a fatty substance found in grains
and agricultural materials and can be used by fungi easily as a nutritional source for growth, which contributed
to the increase in the number of fungi that were able to produce this enzyme, soils may also contain fatty
substances in the organic content of the soil, and microorganisms including fungi, have an important role in the

degradation of fatty substances through the secretion of extracellular lipase enzyme 3!.

No. Fungal species lipase No. Fungal species Lipase
enzyme enzyme
activity activity

1 Cladosporium sp. +++ 8 A. candidus +
2 Aspregillus fumigatus +++ 9 Chaetomium sp. +
3 A. versicolor +++ 10 A. niger _
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4 A. flavus +++ 11 A. terreus B
5 Alternaria sp. +++ 12 Bipolaris sp. B
6 Fusarium sp. +++ 13 Macrophomina sp. B
7 Aspergillus sp. ++ 14 Mucor sp. B
RLSD =1.3818

- 0 mm. No secretion

+- 3-1 mm. Weakly secretion
+ 5-3 mm. Medium secretion

++ 8-5 mm. Good secretion

+++ 11-8 mm. Strong secretion

Table 4. Fungal enzymatic activity for lipase enzyme

(No secretion) Aspergillus terreus (Strong secretion) Cladosporium sp.

Figure 3. The ability of some fungi to secret lipase enzyme

No. Fungal species laccase No. Fungal species laccase
enzyme enzyme
activity activity

1 Aspergillus candidus +++ 8 Alternaria sp. _
2 A. terreus +++ 9 A. fumigatus B
3 A. versicolor ++ 10 A. niger B
4 Chaetomium sp. ++ 11 Cladosporium sp. B
5 A. flavus + 12 Bipolaris sp. _
6 Fusarium sp. B 13 Macrophomina sp. B
7 Aspergillus sp. B 14 Mucor sp. B
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RLSD =1.2116
- 0 mm. No secretion
+- 3-1 mm.  Weakly secretion
+ 5-3 mm. Medium secretion
++ 8-5 mm. Good secretion
+++ 11-8 Strong secretion

mm.

Table 5. Fungal enzymatic activity for laccase enzyme

(No secretion) Aspergillus niger (Good secretion) Aspergillus versicolor

Figure 4. The ability of some fungi to secret the Laccase enzyme

Five isolates only secrete the laccase enzyme; Aspergillus candidus and A. terreus fungi had the best
secretion for this enzyme, while the other three fungi produced it in very small or medium quantities Table 5,
Fig. 4. The results of statistical analysis showed significant differences (P<0.01) between the tested fungi in
their ability to produce laccase enzyme.

The laccase enzyme plays a key role in the degradation of pollutants in the environment due to the activity of
free radicals during the oxidation of aromatic compounds, phenolic compounds and amines, and this enzyme
is used in biotechnology applications as a biocatalyst and basidiomycetes are the best in its secretion >*. In
recent years, some studies have shown that some anamorphic fungi could secrete this enzyme, which may be
due to the mutations resulting from the nature of the environment in which the fungi live **.

This is consistent with the findings of *°, which found that very few fungi can secrete this enzyme in his study.
It also agreed with the study of 22, which found only five species of fungi can secrete laccase enzyme.
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CONCLUSIONS

In conclusion, the study found that the ascomycetes fungi, particularly the genus Aspergillus, were the most
isolated in the agricultural soil samples. These fungi have high enzymatic activity and the ability to secrete
many reproductive units, allowing them to adapt well to their environment and spread widely. Additionally,
the study showed that the tested fungi had varying abilities to secrete different types of enzymes, with the
manganese peroxidase enzyme being the most commonly secreted, followed by cellulase, lipase, and laccase
enzymes. These enzymes play important roles in the environmental degradation of pollutants and organic
materials.

Conflicts of Interest: “The authors declare no conflict of interest.”
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