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Abstract: In this study, endoglucanase (EG) from local isolate Aspergillus fumigatus HBF356 was
produced and purified using ammonium sulfate precipitation, gel filtration chromatography, and ion-
exchange chromatography. The molecular weight of the pure EG was determined as 95 kDa. The
optimum pH of the purified EG was determined as 4.0 and the optimum temperature as 60°C. It has
been observed that the enzyme had a very high thermostability and preserved 75.8% of its activity after
240 hours of incubation at 50 °C. At the same time, the effect of veterinary drugs (gentamicin sulfate
and enrofloxacin) on the activity of the EG was investigated. The activity of EG was inhibited by
gentamicin sulfate while that was activated with enrofloxacin. The results of this study can give
information about the potential of EG from Aspergillus fumigatus HBF356 using as a feed additive and
its interaction with animal drugs.
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1. Introduction

Lignocellulosic biomass is the most abundant (~ 1.3 billion tons) biomaterial on earth.
Hydrolysis of lignocellulose to various reducing sugars has high economic importance in
producing products such as bioethanol, biogases, etc. Lignocellulosic biomass consists of high-
strength interconnected lignin, cellulose, and hemicellulose units. The presence of lignin leads
to the dissolution of lignocellulosic biomass, and thus, hydrolysis of cellulose and
hemicellulose in lignocellulosic biomass structure inhibits. Pretreatment using physical,
chemical, physicochemical, and biological methods, lignin is removed with processes, and
lignocellulosic biomaterials are made suitable for enzymatic hydrolysis. Cellulose, the largest
component of lignocellulosic biomass, contains D-anhydroglucopyranose units. It is a linear
polymer formed by combining with -1,4-glycosidic bonds [1-4].

Cellulase enzymes are involved in the hydrolysis of cellulose. These; exoglucanase
(CBH (cellobiohydrolase), EC 3.2.1.91), endoglucanase (EG, EC 3.2.1.4) and R-glucosidase
(3.2.1.21). CBHs are effective on the crystalline region in the structure of cellulose and reduce
disaccharide (B-cellobiose) units. CBHs break non-reducing ends of cellulose. EGs are
effective in the amorphous region of cellulose. They can also hydrolyze substituted celluloses
such as carboxymethylcellulose (CMC) and hydroxy methylcellulose (HMC). B-glucosidases
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are responsible for the conversion of cellobiose units and other soluble oligosaccharides to
glucose. There is synergy between enzymes for efficient hydrolysis of cellulose[5-9].

Cellulases are produced by bacteria and fungi. However, most enzyme companies
(Novozymes, Genencor, logen etc.) commercial cellulase derived from fungi Trichoderma and
Aspergillus strain them (Dyadic's Chrysosporium lucknownse). Although many cellulases
producer of bacteria and fungi is found, it is still needed to investigate new cellulase producing
microorganisms[10-13].

The aim of this study is to produce EG enzyme by using liquid culture technique from
a local thermophilic fungus Aspergillus fumigatus HBF356, to purify EG enzyme produced by
the precipitation of ammonium sulfate, gel filtration, and ion-exchange chromatography from
the medium, to determine optimum pH and temperature for biochemical characterization of the
purified enzyme. In addition, to evaluate the effect of gentamicin sulfate and enrofloxacin
antibiotics used in animal diseases on the activity of the EG enzyme.

2. Materials and Methods

2.1. Strains, medium, and culture conditions.

A total of 31 thermophilic fungi were isolated from the soil and identified by Prof. Dr.
Haci Halil Biyik (kindly gifted)[14]. The fungi were grown on the potato dextrose agar (PDA)
plate containing 0.1% (w/v) carboxymethylcellulose (CMC) at 50 °C and screened for the
cellulolytic activity. The fungi harboring endoglucanase activity showed a clear zone around
the colony on the plate after staining with 1% (w/v) Congo red. The enzyme production was
performed in liquid medium containing (CoCly) (0.002g/L), (ZnSO4) (0.0014 g/L),
(MnS04.7H20) (0.0015 g/L), (FeSOa4) (0.005 g/L), (CaCl,) (0.3 g/L), (MgSOa) (0 14 g/L),
(urea) (0.45 g/L), ((NH4)2S0O4) (0.045 g/L), (KH2POs4) (2 g/L), and (CMC) (5 g/L) in water
[15]. The pH of the medium was arranged to 5.0 and then autoclaved at 121° C for 15 min. The
medium was inoculated with Aspergillus fumigatus and incubated at 35°C for 5 days. At the
end of the incubation, the culture was centrifuged at 8000 rpm for 10 minutes. The supernatant
was stored at 4°C for further studies.

2.2. ldentification of fungi.

For identification, ITS (The Internal Transcribed Spacer) gene regions were used for
PCR. After the gene sequences were obtained, sequence analysis was performed using the
BIOEDIT program. Molecular identification has been made by comparing the obtained results
with the gene bank [16]. It was determined that the fungi obtained due to molecular
characterization belong to Aspergillus, Penicillium, Fusarium, Rhizopus species. Organisms
showing best growth at 40 °C or 50 °C were classified as thermotolerant and thermophilic,
respectively.

2.3. Activity determination.

The activity of endoglucanase was detected by quantification of reducing the sugar by
DNS method [17]. Briefly, 2.8 mL of 0.05 M sodium citrate buffer (pH 4.0) containing 1%
(w/v) CMC and 0.05 mL crude enzyme solution were transferred to the test tube, which was
incubated at 50 °C for 30 minutes. At the end of the incubation, 3 mL of DNS was added to the

test tube. All tubes were boiled in a boiling water bath for 15 minutes (enzyme, blank and
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standard tubes). Tubes taken from the hot water bath were directly transferred to the cold water
bath. Then, the absorbance of tubes was read at 540 nm.

2.4. Protein assay.

Bradford's (1976) method was used for protein quantification. BSA (Bovine Serum
Albumin) was used as a standard [18].

2.5. Purification of endoglucanase.

The supernatant obtained after centrifugation of the culture was used for the purification
of endoglucanase. Firstly, ammonium sulfate precipitation was performed in the supernatant.
In the first experiment, starting from 0-20% saturation, precipitation was made with an increase
of 20% up to 100% saturation. It is aimed to use this range in the next studies by determining
the saturation range where the enzyme activity is the highest from the solutions obtained after
the precipitates are dissolved in the least amount of suitable buffer. The highest enzyme activity
was determined as 50-80%, and this range was used in subsequent studies. The sample obtained
after ammonium sulfate precipitation was dialyzed with 3 liters of the buffer. The dialysis
sample was applied to gel filtration chromatography (Sephadex G-100) and then DEAE
Sephadex (A-50 Biorad laboratories) anion exchange chromatography [19]. Active eluents
were collected and kept at 4 °C for subsequent studies. Also, the obtained endoglucanase
preparation was applied on SDS-PAGE to confirm the purity of the enzyme.

2.6. Determination of optimum pH and temperature.

In this study, the enzyme was incubated in different buffers between pH 4.0 and 9.0 in
order to determine the effect of pH on enzyme activity and to determine the pH at which
optimum activity is obtained, and the relative activity was determined by the activity
determination method. 50 mM citrate (pH 4.0-6.0) and 50 mM phosphate (pH 6.0- 9.0) buffers
were used in the study.

To determine optimum temperature, enzyme activity was evaluated between 30-70° C
in order to examine the effect of temperature on the activity of the endoglucanase enzyme.

2.7. Thermal stability of endoglucanase.

Purified endoglucanase was incubated at 50 °C to determine the thermal stability of the
purified endoglucanase in the study. According to the standard activity method, endoglucanase
enzyme activity was determined, taken from the enzyme solution at different time intervals.
The decrease in enzyme activity was shown by the relative activity calculated by comparison
with the initial enzyme activity.

2.8. Effect of drugs on endoglucanase enzyme activity.

The effect of the veterinary drugs gentamicin and enrofloxacin on endoglucanase; It
was determined using different concentrations of these drugs. The concentrations used for the
drug gentamicin were 0, 1.35, 5.41, 6.70, 8.46, 13.54, 20.31 mM, respectively, while the
studied concentrations of the drug enrofloxacin were 0, 0.884, 1.768, 3.536, 7.072, 8.84 mM.
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3. Results and Discussion

3.1. Identification of fungi.

The endoglucanase production capacity of a large number of fungi isolated from soil
were tested on agar. Molecular characterization of the fungi used was carried out as described
in Section 2.2. A phylogenetic tree of fungi was created using the data obtained as a result of
molecular characterization (Figure 1). It was determined that the fungi obtained as a result of
molecular characterization belong to Aspergillus, Penicillium, Fusarium, Rhizopus species.
Endoglucanase producers among these fungi were determined by agar staining method Fungi
on PDA containing 0.1% CMC were grown at 40 °C for 24 hours and then dyed with 1% Congo
red and then washed with 1 M NaCl on the surface of the Petri dish. Fungi that formed a light
yellow zone on the petri dish were considered to be positive. In this study, the largest zone
formation was obtained in Aspergillus fumigatus HBF356 (data not shown), which was used
as an endoglucanase producer in this study.
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Figure 1. Phylogenetic analysis of the fungi.

ar

3.2. Production and purification of endoglucanase.

Production of endoglucanase from Aspergillus fumigatus HBF356 was performed in a
liquid medium containing CMC as a carbon source. It was determined that the endoglucanase
activity reached the highest level after 5 days of incubation at 35 ° C. At the end of the 5th day,
the culture medium was centrifuged at 8000 rpm for 30 minutes. The supernatant obtained by
centrifugation was stored at 4 °C for use in the next steps as the enzyme source.

The purification steps for the endoglucanase obtained from Aspergillus fumigatus

HBF356 were as follows:
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1. Ammonium sulfate precipitation was applied at 50-80% saturation to the supernatant.

2. The precipitate obtained after ammonium sulfate precipitation was dissolved in the
minimum amount of 50 mM pH 4.0 citrate buffer.

3. The precipitate was dialyzed to remove the salt.

4. The desalted enzyme solution was loaded on gel filtration chromatography
(Sephadex G-100).

5. Absorbances of the eluents obtained from the column were read at 280 nm, and then
the endoglucanase activity was examined in the eluents.

6. The highest activity eluents were combined, and the next purification step proceeded.

7. The mixture obtained was applied to ion-exchange chromatography (DEAE-
Sephadex A-50), and gradient separation was performed with 1 M NaCl.

8. Eluents with endoglucanase activity were combined. The purification coefficient was
calculated by determining the activity and protein in this mixture obtained. Thus, the
effectiveness of the methods used was determined.

The specific activity of purified endoglucanase was 0.0043 EU mg™and a yield of 1.26
%. The purification procedure is summarized in Table 1.

Table 1. Summary of the purification of endoglucanase from Aspergillus fumigatus HBF356.

Purification steps Volume Total Total Specific Yield Purification fold

(ml) activity protein activity (%)

(EV) (mg) (EU/mg)

Crude extract 350 305.09 190550.00 | 0.0016 100 1.00
Ammonium sulphate 5 17.17 10186.43 0.0017 5.63 1.05
precipitation (50-80%b)
Gel filtration (Sephadex G- | 1 4.30 1210.14 0.0036 141 2.22
100)
lon Exchange 1 3.86 901.57 0.0043 1.26 2.67
chromotography DEAE-
Sephadex

Figure 2. SDS-PAGE of the purified endoglucanase from A. niger Aspergillus fumigatus HBF356 by
ammonium sulfate precipitation, Sephadex G-100, and DEAE-Sephadex; lane 1: Marker; lane 2: endoglucanase
preparation.
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In this study, SDS-PAGE was performed for purity control and molecular weight
determination of endoglucanase purified from Aspergillus fumigatus HBF356. The SDS-PAGE
image of the endoglucanase obtained in this study is given in Figure 2. A single band of
endoglucanase was obtained on the gel. The molecular weight of this band is determined to be
~ 95 kDa.

Hasper et al. [20] was isolated and identified the EgIC gene from Aspergillus niger.
The molecular weight of the endoglucanase enzyme expressed by this gene was determined to
be approximately 90.5 kDa. Based on this, it can be said that the endoglucanase purified from
Aspergillus fumigatus HBF356 in this study belongs to the endoglucanase expressed by the

EgIC gene. Nazir et al. [21] reported purification of endoglucanase from Aspergillus terreus
with 80 kDa.

3.3. Optimum pH and temperature.

In order to determine the effect of pH on enzyme activity, activity was determined as
specified in Section 2.3. The pH of the incubation buffer used in the activity method was
changed between 3.0 and 8.0. In our study, 50 mM citrate (pH 3.0-6.0) and 50 mM phosphate
(7.0-8.0) buffers were used. From the graph drawn between the relative activity of the enzyme
and pH, the optimum pH value of the enzyme was determined (Figure 3). Accordingly, it was
determined that the purified endoglucanase from Aspergillus fumigatus HBF356 showed
optimum activity in 50 mM pH 4.0 citrate buffer. As a result of searching on Brenda
(https://www.brenda-enzymes.org ), it was determined that the optimum pH value of
endoglucanases obtained from Aspergillus species was between 3.8-4.0. Previously,
endoglucanase from Aspergillus niger [22] and Aspergillus terreus [21] similarly showed
optimum activity at pH 4.0. In this study, the endoglucanase purified from Aspergillus
fumigatus HBF356 has a similar optimum pH.

100 +

c¢: Citrate buffer, 50 mM
p: Phosphate buffer, 50 mM

Relative Activity (%)

B¢ 6p
pH
Figure 3. The effect of pH on the purified endoglucanase from Aspergillus fumigatus HBF356.

7p 8p

Temperature is an important factor affecting both the speed and stability of enzymes.
The speed of the enzymatic reaction increases with the temperature, but when it rises above a
certain value, there is a sudden decrease in its activity. This is because enzymes with protein
structures denature at high temperatures. Each enzyme has a certain temperature value that
shows maximum activity, and it is expressed as the optimum temperature value.

In this study, activity determination was made as specified in Section 2.3 to examine
the effect of temperature on enzyme activity. While determining the activity, the enzyme

https://biointerfaceresearch.com/ 4342


https://doi.org/10.33263/BRIAC124.43374347
https://biointerfaceresearch.com/
https://www.brenda-enzymes.org/

https://doi.org/10.33263/BRIAC124.43374347

activity was determined by changing the incubation temperature between 30-80 °C. The
optimum temperature value of the enzyme was determined from the graph drawn against the
temperature values by calculating the relative activity values with the obtained activity values
(Figure 4). Accordingly, it was determined that the enzyme has an optimum temperature value
at 60 °C. In addition, it can be said from this graph that the activity of the enzyme is low at low
temperatures, the activity value increases at 50 ° C and above, and it is quite stable between
50-80 °C. In previous studies, it was reported that Aspergillus sp. endoglucanases showed
optimum activity at 50 °C [14, 21, 23]. Also, it was shown that endoglucanase from
thermophilic Thermobifida fusca strain UPMC 901 had an optimum temperature at 60 °C [24].

100 +

+ [} 0
] <o ]
| [l 1

Relative Activity (%)
[y

30 40 50 60 70 80
Temperature (°C)

Figure 4. The effect of temperature on the purified endoglucanase from Aspergillus fumigatus HBF356.
3.4. Thermal stability.

In order to determine the thermal stability of the purified endoglucanase, the enzyme
was incubated at 50 ° C, pH 4.0 (50 mM citrate buffer). The residual activity of the enzyme
was determined by taking samples from this enzyme solution at certain intervals between 0-
240 hours. The thermal stability of the endoglucanase was determined by plotting the relative
activity values compared to the initial enzyme activity against the incubation time (Figure 5).
It was determined that 75.8% of the enzyme's activity was maintained at the incubation of 240
hours at 50 ° C, pH 4.0 (50 mM citrate buffer). The enzyme was also sustained almost all of its
initial activity after 24 h. With this study, it has been shown that the enzyme is thermostable
and that it can be used in high temperature and acidic pH operating ranges. This is important
for the biotechnology industry, such as non-ionic surfactant-assisted acidic deinking of old
newsprint and old magazines [21, 25].

Endoglucanase enzyme obtained from A. terreus DSM 826 showed no activity loss at
50 °C for 1 hour [26]. Endoglucanase enzyme obtained from A. terreus M11 lost 60% of its
activity after 1-hour incubation at 70 ° C [23]. Endoglucanase purified from Aspergillus niger
VTCC-F021 preserved 60% of its activity after 8 hours of incubation at 50 °C [27]. When
compared with these studies, it can be said that endoglucanase purified from Aspergillus
fumigatus HBF356 has a very high thermostability[28].
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Figure 5. Thermal stability of the purified endoglucanase from Aspergillus fumigatus HBF356 at 50 °C, pH 4.0.
3.5. Effect of drugs on endoglucanase activity.

As stated in Section 2.8, the effect of different concentrations of gentamicin and
enrofloxacin drugs on endoglucanase activity was investigated. These two drugs can be used
as antibiotics in animals such as cats, dogs, and sheep to stop bacterial growth [29].

In order to determine the effect of gentamicin sulfate on endoglucanase activity, it has
been studied in the concentration range of 0-20.31 mM. Results are shown in Figure 6. As a
result of the study, it was determined that 42% of the enzyme's activity remained at 20.31 mM
gentamicin sulfate concentration.

100 m.
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80 \
70+
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Gentamicin (mM)
Figure 6. The effect of gentamicin on the purified endoglucanase from Aspergillus fumigatus HBF356.
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Figure 7. The effect of enrofloxacin on the purified endoglucanase from Aspergillus fumigatus HBF356.
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In order to determine the effect of the enrofloxacin on the endoglucanase activity, a
concentration range of 0-8.84 mM was studied. As seen in Figure 7, enrofloxacin activated the
endoglucanase activity. It maintains 105% of the enzyme's activity at a concentration of 8.84
mM enrofloxacin.

4. Conclusions

As a result, in this study, the endoglucanase enzyme from Aspergillus fumigatus HBF356 was
purified using ammonium sulfate precipitation, gel filtration chromatography, and ion-
exchange chromatography. The molecular weight of the pure enzyme was determined as 95
kDa. The optimum pH of the obtained enzyme was determined as 4.0 and the optimum
temperature as 60 ° C. It has been observed that the enzyme has a very high thermostability
and preserves 75.8% of its activity after 240 hours of incubation at 50 °C. Therefore, the
enzyme is highly thermostable. Because of these properties, it can be said that the enzyme has
potential for industrial use. At the same time, the activity of veterinary drugs on the activity of
the enzyme was investigated, and it was determined that the enzyme was inhibited by
gentamicin sulfate and that the activity was with enrofloxacin. Thus, information has been
provided on how this enzyme interacts with animal drugs as a feed additive.
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