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Pullulanase is defined as an extracellular carbohydrase enzyme
responsible for the hydrolysis of pullulan into maltotriose. Pullulanase
can be extracted from Agaricus bisporus edible mushroom and
concentrated by dialysis tube using Tris-HCI buffer. This enzyme was
purified by different ratios of ammonium sulphate; the optimal ratio was
30%. It can be purified by ion exchange using a DEAE-cellulose column
with a final yield of 5.25 and a purification fold of 4.38. Following
Sephadex G-100 gel filtration with a yield of 2.60 and purification fold
of 5.0, the total activity of the enzyme reached 1601U and the specific
activity was 14.5 U/mg. This study was concerned with estimating the
optimum pH and temperature of pullulanase, and it recorded an optimal
pH of 7, and the optimal temperature was 60°C. The enzyme was more
stable at pH 8 and 70°C; the incubation period was also determined, and
it appeared the most appropriate period was 30 minutes. CaCl, and
ZnCl, were activator metal ions. Mercaptoethanol in different
concentrations was the greatest inhibitor of pullulanase. One of the
problems arising in the surrounding area is that much of the
environmental pollution consists of starchy food waste. Pullulanase can
degrade the glycosidic linkage of pullulan or starch present in the starch
waste. The objective of this study is to produce enzymes like
pullulanases to participate in minimizing environmental pollution
through the degradation of starch waste as a biotechnological
application. The conclusion of this study is that pullulanase can be
produced from readily available, safe, and low-cost sources such as
mushrooms.
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© 2023 The Author(s). This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Pullulan is defined as a polymer produced in high yield by A. pullulans. It is a linear D-glucan composed of
maltotriose [1], Pullulanase is a carbohydrase group pullulan a-glucano- hydrolase enzyme. It is widely used as a
starch debranching enzyme with different applications in the pharmaceutical industry, medical applications, and
food and chemical industries [2]. These enzymes were also called debranching enzymes, and they were responsible
for the hydrolysis process of a-1,6 glycosidic bonds in pullulan, amylopectin, and starch [3]. These enzymes'
scarification effects indicate their importance in the food industry for the production of maltose, glucose syrup,
and beer. Pullulanases have properties of o- linkage breaking making them useful in the baking industry.
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Pullulanase is participating in bioethanol production, which provides a fuel source [4]. The activity of these
enzymes would cause the formation of linear oligo saccharides that can be analyzed by other active enzymes,
causing the production of glucose and maltose. These enzymes are widely used in detergent industries as additives
in laundry detergents and dishwashing detergents to remove starch molecules as well as in the manufacturing of
low-calorie beer [5]. pullulanases are also used as a control substance in the dental plaque industry [6]. They
belong to a hydrolyase group of enzymes that are widely distributed in nature in different species such as bacteria,
fungi, mold, plants, and animals [3]. Agaricus bisporus (A. bisporus) Mushrooms are important sources of
pullulanases, Mushroom as a word derived from a French word refers to Fungi and Mold, it is referring to the
Basidiomycetes group. Mushroom are highly valuable food because of their low calories, low in fat and
carbohydrate in addition to free of cholesterol, also provides important proteins, nutrients, and fiber. So It has been
reported to be beneficial in the treatment of some diseases in addition, they are considered an important source of
bioactive substance, A. bisporus has a high value of calcium, potassium, and phosphor [7, 8]. Three types of
pullulanases are in nature. Pullulanase type I is responsible for hydrolyses a-(1,6) glycosidic bonds in pullulan and
polysaccharides to release maltosetriose; Pullulanase type II is responsible for hydrolyse a-(1,4) and a-(1,6)
glucosidic bonds. Pullulanase T acts on the a- (1, 4) glycosidic bond of pullulan and releases panose while
Pullulanase II hydrolyses a-(1,4) bonds in pullulan to release Isopanose; pullulanase 111 works on both a-(1,4) and
a-(1,6) glycosidic bonds of starch and pullulan which release different end products consist of panose; maltotriose
and maltose [9]. Pullulanase can be detected using the electrophoresis method that uses polyacrylamide gel with
pullulan or starch as a substrate in addition to extracted enzyme solution, this method is simple and sensitive to
low levels of pullulanase, reaching 0.001U of enzyme in a polyacrylamide gel after migration of electrons in
electrophoresis [10]. Pullulanase is useful in reducing environmental pollution by hydrolyzing starch food waste
after previous enzyme isolation from Thermococcus kodakarensis yields simple sugar that can be used in the
fermentation process. Its potential role in the field of biotechnology consists of the manufacture of cyclodextrin as
a substance, which has wide applications in pharmaceuticals, antioxidants, and staibilizing factors. In addition to
food enhancements as an antistaling agent to improve texture, other uses of pullulanase, Simple sugars can also be
released after the degradation process of starch food by enzyme, and they are used in a variety of applications,
including alcohol fermentation, the beer industry, producing important substances like high fructose syrup and
high maltose syrup, which have applications in the industrial and biotechnological fields. [11]. As a result, and
because of the important applications of pullulanases, the present study aimed to concentrate on the extraction,
purification, and characterization of pullulanase isolated from A. bisporus.

2. Experimental Procedure

2.1 Materials

A. bisporus, the edible mushrooms were collected from local Iragi markets. Sephadex G-100, pullulan, soluble
starch, sucrose, and other chemicals were from HiMedia Company, while DEAE Cellulose and ammonium
sulphate were from Pharmacia Company.

2.2 Methods

2.2.1. Cold extraction of a Crude Pullulanase

Pullulanase enzyme was extracted from white fresh mushrooms using the cold extraction method described
previously with a slight modification [12]. The mushrooms were obtained fresh from Iragi markets during the
winter season; they were used fresh, sliced, and homogenized using a blender. An extraction solution was
performed using 500 mL of distilled water for 300 g of mushroom. The homogenate extract was then precipitated
and centrifuged at 3000 rpm for 30 min. Then the supernatant was collected. The supernatant was used as a source
of crude enzyme.

2.2.2 Dialysis Process

Dialysis is a common step that involves the process of removing unwanted small materials such as reducing agents,
salts, and dyes from larger molecules such as protein molecules, polysaccharides, and DNA. In this experiment,
dialysis membranes made from cellulose were used in the presence of Tris-HCI buffer 50 x 10°M and pH 7 in the
refrigerator overnight. To remove unwanted materials like salts and water, dialysis was used to concentrate and
minimize the total volume of the extract [13].
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2.2.3 Estimation of a pullulanase Enzyme

The activity of the pullulanase enzyme was measured by determining the amount of reducing sugar liberated into
the pullulan molecule using the method described by [14] with some modifications. The enzyme activity was
estimated in a reaction mixture consisting of 0.4 ml of pullulan sugar 1% in 1 M potassium phosphate buffer pH
7, and 0.1 mL of crude enzyme. The enzyme-substrate mixture was incubated at 35°C for 15 min. After the
incubation period, the reaction was stopped using cooling in an ice bath and the addition of a dinitrosalysalic acid
reagent [15]. The pullulanase activity unit was described as the pullulanase value responsible for liberating one
pmol of reducing sugar per minute under experimental conditions [16].

2.2.4 Determination of Protein Concentration
Protein concentration in this experiment was determined according to [17], depending on the dye interaction
method using the standard protein of bovine serum albumin.

2.2.5 Pullulanase Precipitation with Ammonium Sulphate

The precipitation process using (NH4).SO4 was performed in the presence of an ice bath. Ammonium sulphate
powder was weighted and added into the extract solution with a stirring process using different saturation values.
Then the mixture was put into a centrifuge at 3000 rounds per minute for 40 minutes in the presence of an ice bath
at 4°C. The precipitation process of pullulanase was achieved in different precipitation ratios ranging from 0-90%,
and the precipitate was collected after each concentration. Then the concentration that has the highest enzyme
activity was chosen and used to continue the other experiment. The precipitate was taken and dissolved in about
5ml of distilled water, then the enzyme-specific activity was estimated for each fraction [18].

2.2.6 Pullulanase Precipitation by Acetone

The crude extract was partially purified using acetone precipitation. 8 ml of acetone solution were added to a crude
extract and it was precipitated at -4°C using a refrigerator for overnight. The precipitate was collected using a
centrifuge at 3000 rpm for 25min., then it was dissolved in 0.2M of Tris-HCI buffer pH 8.0, and the enzyme-
specific activity was determined [19].

2.2.7 Pullulanase Purification using lon Exchange Chromatography

The enzyme sample was purified by ion exchange chromatography. It was dissolved using a 0.2MTris-HCI buffer
of pH 8.0, and put into the DEAE cellulose chromatography column. Then the fraction's absorbancy was
determined in a spectrophotometer at 280nm.The active fractions were collected from the DEAE column using
two steps: wash and elution; then the enzyme was eluted; the enzyme activity was determined for each fraction
and the fraction with the greatest activity was chosen [20].

2.2.8 Purification of pullulanase using Sephadex G-100 Column Chromatography

Ten milliliters of enzyme solution were collected from the previous step and they were loaded into a column
equilibrated with sodium phosphate buffer, 0.02 M, pH 6.0. The enzyme was eluted using about 500 ml of buffer
at a flow rate of about 0.5 ml/min. Fractions of 5ml were collected, then the enzyme activity was determined based
on measuring the absorbance of samples at 510 nm according to the method described [21] with some modification,
different enzymes from various sources were also purified using the sephadex gel filtration technique. For
example, L-Glutaminase was isolated from L. Gasseri [22], and purified using Sephadex G-100. It appeared high
values of enzyme activities in the presence of other optimal conditions.

2.2.9 Characterization of Enzyme

2.2.9.1 Role of Temperature and Acidity on pullulanase Action

To indicate the optimum temperature of pullulanase activity, samples were incubated at different temperatures
ranging between 10 and 90°C to estimate the role of temperature on pullulanase activity for 25 min., and the
enzyme activity was determined for each treatment according to the method described [23].

The effect of pH on pullulanase activity was estimated in the presence of pullulan as a substrate diluted in 100 mM

of acetate buffer pH 4.0, 5.0, and 6.0, the enzyme extract pH 7.0 were incubated for 25 min and 100 mM Tris HCI
buffer pH 8.0, 9.0 at 60 °C [24, 25].
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2.2.9.2 Thermal and pH Stability of pullulanase

This experiment was used to estimate the first thermal stability of pullulanase. The purified enzyme was incubated
at 40, 50, 60,70, 80, and 90°C for 3 hours separately. After the treatment time, the enzyme solutions were cooled
and enzyme activities were determined using an enzyme assay in the presence of a control sample containing the
non-treated enzyme. pH stability of pullulanase was determined by incubating the purified pullulanase in different
buffers and then estimating the enzyme activity using an assay procedure. These buffers were 100 mM of acetate
buffer pH 4.0, 5.0, and 6.0; the others were 100 mM of Tris-HCI buffer pH 8.0, 9.0, and 10.0, while no buffer was
added in the pH7.0 treatment. According to [26], with some modifications.

2.2.9.3 Role of Incubation Time on pullulanase Activity

According to the method described previously with a slight modification [27], pullulanase was incubated in the
presence of pullulan as a substrate at different times consisting of 10, 20, 30, 40, 50, 60, 70, 80, and 90 minutes at
60°C. The enzyme-specific activity was then determined to estimate the more suitable reaction time.

2.2.9.4 Effect of Metal ions on Purified pullulanase Action

The effects of different metal ions on enzyme-specific activity were studied at concentrations of 1 mM using
MgCl,, CaCly, HgCl,, MnCl;, CuCl,, ZnCly, and FeCly; pullulanase activity was estimated using pullulan substrate
using 1% concentration, pullulanase incubated and substrate for 30 min. at 60°C through the addition of one metal
ion in each step [28].

2.2.9.5 Effect of Some Inhibitors on Purified pullulanase

Two different inhibitors were used to characterize the most effective pullulanase inhibitors using 10 and 102 M
concentrations, these are mercaptoethanol and phenyl methyl sulphonyl fluoride (PMSF). The enzyme without
any additive was also taken for comparison. The purified pullulanase was incubated with each inhibitor at 60°C
for 30 min and the remaining activity was determined in the presence of pullulan as a substrate [12, 19].

3. Results and Discussion

3.1 Extract Preparation and pullulanase Detection

The crude extract was isolated and it was concentrated using a dialysis tube. The enzyme-specific activities were
determined for each treatment, with results (Table 1). It appeared the enzyme activity of the crude extract in the
presence of pullulan as a substrate was 2.9U/mg with 6156U total activity and it appeared the specific activity
after the concentration step of the extract reached 5.6 U/mg with 5106U total activity.

3.2 Pullulanase Purification

The concentrated extract was precipitated using a different ratio of ammonium sulphate concentration that
consisted of 0, 10, 20, 30, 40, 50, 60, 70, 80, and 90% according to the method described in [18]. Using pullulan
as a substrate, the specific activities in the presence of different (NH.).SO, concentrations were recorded at 5.6;
5.66; 5.8; 5.9; 5.72; 5.0; 4.2; 3.2; 3.4; 2.8 U/mg respectively as in Fig. 1 and it appeared that 30% ammonium
sulphate concentration was more effective toward Pullulanase precipitation and enzyme activity. The enzyme was
also concentrated and precipitated using acetone according to the method described in [19] in the presence of
pullulan as a substrate, and the enzyme activity and total activity were determined according to the enzyme assay.
It appeared the pullulanase-specific activity using acetone was 10.8 U/mg and the total activity was 783U.
Pullulanase was partially purified using ion exchange chromatography in the presence of a DEAE-cellulose
column, followed by two steps of wash and elution in the presence of Tris—HCI buffer, and the enzyme was eluted
and appeared to have the maximum enzyme-specific activity of 12.7U/mg with 323 U total activity and a
purification fold of 4.38 as in Table 1. In addition, gel filtration chromatography was also used in the partial
purification of pullulanase in the presence of a Sephadex G_100 column prepared previously. The enzyme was
eluted using sodium phosphate buffer at a flow rate of about 0.5 ml/min. Results in (Table 1) showed the enzyme-
specific activity of pullulanase in gel filtration chromatography was recorded at 14.5U/mg with a total activity of
160U and a purification fold of 5.0.This result was in agreement with other experiments which purified pullulanase
from Bacillus cereus HI.5 [29],using the chromatographic method of DEAE column and followed by Superdex
gel filtration and recorded specific activity of 14.250 U/mg ,yielding 8.5% in 23.6 purification fold.
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Figure 1: Pullulanase precipitation using Ammonium sulphate.

Table 1: Purification of pullulanase from300 g of edible mushroom A. bisporus.

Fractions Extract Activity Protein Enzyme Total Fold of %Yield
volume U/mL  concentration Specific enzyme purification
mg/mL Activity  activity
U/mg 9)
Crude extract 342 18 6.2 29 6156 1.00 100
Extract dialysis using sucrose 138 37 6.6 5.6 5106 1.93 82
Ammonium sulphate 112 34 5.8 5.9 3808 2.03 61.86
precipitation
Concentration using sucrose 60 39 3.6 10.8 2340 3.72 38.01
Acetone purification 29 27 2.6 10.4 783 3.59 12.72
Ion exchange chromatography 17 19 1.5 12.7 323 4.38 5.25
Gel filtration chromatography 10 16 1.1 14.5 160 5.00 2.60

3.3 Enzyme Characterization

3.3.1. Effect of Temperature and acidity on Enzyme Activity

Pullulanase and enzyme-substrate were incubated separately at different temperatures ranging from 10 to 90°C to
estimate the effect of different temperatures on pullulanase action. Enzyme activity was recorded at 17.8 U/mg at
60°C while other degrees 10, 20, 30, 40, 50, 70, 80, and 90°C were recorded with less enzyme activity (12.2; 14.0;
14.8; 15.2, 16.4, 15.0; 11.6; 8.8) U/mg. Previous results [30] showed that the optimum temperature of pullulanase
was 40°C and gave 177 U/mg specific activity in starch debranching. The pH influences were also studied. Enzyme
and substrate were incubated at different pH values which were (4, 5, 6 7,8, and 9), results in Fig. 2(b) appeared.
The optimal pH of pullulanase activity was 7, and enzyme activity reached 22 U/mL while other pH values were
recorded (18.1; 19.0, 19.2, 16.8, and 14.5) U/mL respectively. This result was similar to the optimal pH of purified
pullulanase, which was also recorded at 7. Enzyme activity was at its maximum value [31]. This result was in
agreement with previous studies; the optimal pH of L -Glutamate oxidase and the fibrinolytic enzyme was also 7
for enzymes isolated from Streptomyces species and Pseudomonas aeruginosa, respectively [32, 33].
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Figure 2: Effects of a) Temperature and b) acidity on pullulanase activity.

3.3.2 Effect of Temperature and pH Stability of pullulanase

To study the thermal stability of pullulanase, the purified enzyme was exposed to different temperature values
separately. These values consisted of 40, 50, 60, 70, 80, and 90°C. Then the enzyme-specific activity was
determined using pullulan as a substrate. The results in Fig. 3a appear to show the enzyme was stable up to 70°C.
The enzyme maintained about 95% of its activity and the relative activity began to decline, enzyme maintained
about 70, and 60% of its activity at 80 and 90°C respectively. In contrast, other researchers found that pullulanase
retained more than 85% activity after incubation at 65 °C for 30 min [2]. On the other hand, the pH stability of
pullulanase was also studied. The purified enzyme was incubated at different pH values separately consisting of
(4,5, 6, 7, 8, and 9), then the enzyme-specific activity was also determined after each treatment. The results in
Fig. 3b showed that pullulanase was highly stable at a pH value of 8 and then the relative activity declined at pH
9. The enzyme maintained about 70% of its activity. Other findings indicated that pullulanase stability was detected
at pH levels ranging from 3-6 [29].
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Figure 3: Effect of a) Temperature and b) pH stability on pullulanase.

3.3.3 Influence of Incubation Period on Enzyme Activity

To estimate the more suitable reaction time of the enzyme and pullulan substrate, pullulanase was incubated with
pullulan in different periods while other reaction conditions were maintained constant. These are consisted of 10,
20, 30, 40, 50, 60, 70, 80, and 90 minutes, which gave pullulan-specific activity of 13, 14.4, 15.3, 15.0, 14.6, 14.2,
12.8, 10.6, and 7.8 U/mg respectively. Results in Fig. 4 appear to indicate the more suitable incubation duration
was 30 minutes and recorded 15.3 U/mg pullulanase-specific activities. The results were in disagreement with
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previous studies [34] which recorded that amylase enzyme from Aspergillus niger nee6-day 6-day incubation
period to give the maximum enzyme-specific activity of 0.93 U/mg.
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Figure 4: Influence of incubation time on Pullulanase activity.

3.3.4 Effect of Metal lons on pullulanase

Different types of metal ions were used to record the more suitable ions for pululanase-specific activity. These
consisted of MgCly, CaCly, HgCl,, MnCl;, CuCly, ZnCl; and FeCly, and the results are shown in Fig. 5. It appeared
that CaCl, and ZnCl, were activator ions in contrast to other ions by giving 32.2 U/mg and 34.8U/mg, respectively.
Other researchers studied the effect of metal ions on amylase activity and recorded that Hg*2 and Cd*? were strong
inhibitors [35]. In contrast to other research on metal ions, they mentioned that pullulanase was strongly stimulated

by Ca*?, which increased the pullulanase activity by around 179%, while it has been inhibited in the presence of
Cu*? [36].
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Metal ions
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Figure 5: Effect of metal ions on pullulanase-specific activity.

3.3.5 Effect of inhibitors on purified pullulanase

Two different types of inhibitors were used in this experiment. They consisted of mercaptoethanol and phenyl
methy! sulphony! fluoride (PMSF) in different concentrations (1x10- and 1x10-2 M), in addition to control, results
in Fig. 6. It appeared that mercaptoethanol in both concentrations was the greatest inhibitor of pullulanase. In
contrast to the other inhibitors the enzyme maintained about 48 and 32.4% relative activity at 1x10° M and 1x10°
2 M concentrations of mercaptoethanol, while phenyl methyl sulphonyl fluoride (PMSF) was less effective as an
inhibitor, the enzyme maintained about 78.4 and 73.6% relative activity at 1x10° M and 1x102 M concentrations
of phenyl methyl sulphonyl fluoride, in contrast, to control test 100% remaining activity. Researchers [37] studied
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the effect of inhibitors on pullulanase isolated from Thermus caldophilus and found the activity of pullulanase was
inhibited by a, B and , cyclodextrin.
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Figure 6: Effect of inhibitors on the remaining activity of Pullualnase.

4. Conclusions

It is possible to extract pullulanase enzyme from local edible mushrooms, pullulanase was capable to attack
specifically a-1,4 and 0-1,6 linkages of pullulan molecules and was stable at high temperatures and pH values.
This work is focused on the extraction and purification of an imported enzyme, pullulanase, using simple and low-
cost methods from available and safe sources such as edible mushrooms, in addition to analyzing the optimal
condition of the extracted enzyme. The future applications of pullulanases consist of using these enzymes to
minimize environmental pollutants like starchy food waste through the degradation of glycosidic linkages in starch
or pullulan. As a result, crude simple sugars can be used in different fields of biotechnology.
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