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Immobilization of urease from Phaseolus vulgaris L.
seeds using calcium alginate as a support matrix
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'Department of Chemistry, Faculty of Mathematics and Natural Science, Jenderal
Soedirman University, Purwokerto 53123, Indonesia

Abstract. Exploration of urease from various sources continues because of its many industrial uses. This
research aimed to isolate urease from kidney bean (Phaseolus vulgaris L.) seed and immobilize it using a Ca-
alginate support matrix and a trapping technique. Eight days were devoted to germinating kidney bean seeds to
begin the investigation. Isolation of crude urease extract from kidney beans was carried out using phosphate
buffer pH 7. It was then immobilized with Ca-alginate at different concentrations of Na-alginate and contact
times The crude free and immobilized urease extract was further characterized including pH, temperature and
stability of repeated use. The urease activity was determined using the Nessler method using a
spectrophotometer. The results demonstrated that urease immobilization from kidney bean seeds with a Ca-
alginate matrix was most effective at a concentration of 5% Na-alginate and a contact period of 60 minutes,
yielding a value of 5.92 U/mL. The optimal pH of free and immobilized urease was 7 and 8, respectively, and
temperatures of 35 and 40 °C, respectively. The immobilization of urease from kidney bean seeds using a Ca-
alginate support matrix increased the stability of recurrent use by fivefold, while the relative urease activity
remained at 52%.

Keywords: alginate, immobilization, Phaseolus vulgaris L., urease

INTRODUCTION price of urease stays high. Therefore, it is vital
to obtain urease from readily available basic
materials. Kidney bean (Phaseolus vulgaris L)
seeds can be a source of urease due to their high
protein content of 20 to 27% [8]. Furthermore,
they belong to the same family as P. sativum L.
and Vigna unguiculata ssp sesquipedalis L.
This study used kidney bean seeds as a urease
source to enhance their value.

Urease is an enzyme that functions as a catalyst
for the hydrolysis of urea into ammonia and
carbon dioxide [1]. This enzyme is of the
hydrolase  class, a  component  of
amidohydrolase [2]. Urease has been identified
in bacteria, fungi, and plants that play a
significant part in the natural nitrogen cycle [3].
Nuts contain high levels of protein so they can
be used as a source of urease. Nut seeds that
have been used as urease producers include peas
(Pisum sativum L.) [2], Kayo beans (Cajanus
cajan) [4], and long beans (Vigna unguiculata
ssp sesquipedalis L.) [5]. Urease is an enzyme
that plays a crucial function in nitrogen
metabolism during plant germination [2].

The use of free enzymes as biocatalysts can
usually only be used for one reaction. This issue
can be remedied by immobilizing the enzyme
[9]. Enzyme immobilization is the attachment
of enzymes to an insoluble matrix in water.
Immobilization can be done through several
methods such as cross-linking, adsorption, and
entrapping method [10]. Each technique has its

Urease has been utilized as an antifungal [6], a
method for detecting heavy metals in milk [7],
and in industrial sewage treatment [2]. Due to
the inclusion of an imported component, the
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benefits. This study used the entrapping method
as its methodology. In the entrapping method,
the enzyme does not bind to the matrix.
Therefore, the enzyme's native structure and
catalytic function are preserved [11] .

Ca-alginate was used as the immobilization
matrix in this investigation. Ca-alginate
immobilization has the advantages of forming a
solid gel, being non-toxic, and inexpensive [3].
The purpose of the investigation was to isolate
urease from kidney bean seeds. The crude
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extract produced was immobilized using Ca-
alginate and then analyzed.

METHODOLOGY

Instruments and Materials
The equipments and tools used in this research

include centrifuge  (Quantum), UV-Vis
spectrophotometer ~ (Shimadzu  UV-1800
Spectrophotometer), pH  meter (Hanna

Instrument), incubator (Memmert), Scanning
Electron Microscopy (JSM-6510LA) and
analytical balance (Ohaus). This study utilized
urea, acetic acid, commercial-grade Na-
alginate, CaCl>, Na;HPO4, NaH2PO4, H2SO4,
Na-tungsten, and Nessler's reagent. All the
chemicals used were of analytical grade and
were acquired from Merck Chemical Company
(Merck, Germany). The kidney bean seeds are
used as the source of urease (Wage market,
Purwokerto).

Isolation of urease from kidney bean seeds

The isolation of urease from kidney bean seeds
began with germination and continued through
the extraction procedure. Germination was
accomplished as follows: kidney bean seeds
were steeped in distilled water for six hours,
then drained, placed in a plastic container with
wet cotton, and then covered with plastic.
Germination was performed in the dark at room
temperature [12]. The resulting sprouts were
harvested as follows: 10 grams of kidney bean
sprouts were crushed using a mortar and pestle
and cooled in the freezer, followed by adding 40
mL of phosphate buffer pH 7 at 4 °C. The
solution was agitated with a stirrer for three
hours until two layers, the filtrate and the
precipitate, developed. The filtrate and
precipitate were separated by using a muslin
cloth. Fifteen minutes were spent centrifuging
the resulting filtrate at 4 °C and 12,000 rpm. The
supernatant obtained was an extract of crude
urease. The crude extract was subsequently
evaluated for urease activity using Nessler's
technique and immobilized using a Ca-alginate
matrix.

Free Urease Activity Examination [5]

A sample tube containing 1.90 mL of a pH 7
phosphate buffer solution was filled with 1 mL
of 1000 ppm urea. The sample tube was filled
with 0.1 mL of urease solution, incubated for 15
minutes at 35 °C, and cooled. To inhibit the
urease enzyme activity, | mL of 2/3 N H2SO4
was added to the sample solution in the test
tube, followed by 1 mL of Na-Wolframate. The
control test tube was filled with 2 mL of pH 7
phosphate buffer, followed by 1 mL of 2/3 N
H>SO4 and 1 mL of Na-Wolframate. After 15
minutes of incubation at 35 °C, the solution was
cooled. Then, 1 mL of urea at 1000 ppm was

'~ Vol. 22 | No. 3| October 2022

added to the control tube. The sample and
control tubes were centrifuged for 15 minutes,
after which the supernatant was collected. The
250 pL of Nessler's reagent was added to
approximately 1.5 mL of each solution. The
absorbance of the solution was then measured
with a UV-Vis spectrophotometer at a
maximum A of 500 nm. Ammonium sulfate
standard solutions with 20, 30, 40, 50, and 60
ppm were applied to determine the standard
curve. By using the standard curve of
ammonium sulfate, urease concentration was
determined. One unit of urease activity (U) was
defined as the amount of ammonia produced per
minute for every 1 ppm of urea hydrolyzed by
the urease in the sample.

Optimization of immobilized urease matrix
Ca-alginate

The concentration of sodium alginate and the
contact period between immobilized urease
beads and CaCl. solution were varied to
optimize immobilized urease. Alginate beads
are used to immobilize urease by entrapping it.
The 4 mL of Na-alginate solution with varying
concentrations of 2; 3; 4; 5; and 6% (w/v) in
phosphate buffer pH 7 was combined with 1 mL
of crude kidney bean urease extract and stirred
at 4 °C using a magnetic stirrer. The resulting
solution was dropped into 30 mL of 0.2 M
CaCl solution. Before filtering, the produced
beads were soaked for one hour in a 0.2 M
CaCl: solution. Bead pores were analyzed using
SEM. The activity of beads was assessed, and
the concentration of Na-alginate with the
highest activity was used to immobilize urease
under varying contact times of 20, 40, 60, 80,
and 100 minutes.

Measurement of immobilized urease activity
was carried out by taking as much as 5 mL of
1000 ppm urea substrate in a pH 7 buffer and
then adding as many as beads of immobilized
urease beads formed in one formulation. A
duration of 15 minutes was then spent to
incubate the solution at 35°C. The Nessler
method was used to determine the ammonia
concentration in the supernatant after the
filtered beads. The same procedure was
performed as control by using beads devoid of
urease.

Characterization of free wurease and

immobilized urease

The characterization of urease was conducted at
various pH levels and incubation temperatures
to identify the optimal conditions. The activity
test was utilized to determine the optimal pH for
free urease and immobilized urease activity.
However, it was conducted at different pH
levels for the urea substrate solution, including
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Figure 1. Test activity using the Nessler method.
a) blank (aquades) b) control (urea without the
addition of enzymes) c) reaction of urea with
urease from kidney beans.

pH 5, 6, 7, 8, and 9. The urease activity was
measured at the optimal pH at several
incubation temperatures ranging from 30, 35,
40, 45, and 50 °C. The characterization of
immobilized urease also included repeated
usage experiments. This experiment was
repeated until it was observed that the relative
urease activity dropped by approximately 50%.
Under optimal conditions, the reaction was
conducted. The reaction was terminated by
filtering the beads via filter paper, and the beads
were then reused for urea hydrolysis. On the
initial use of the beads, the activity was set to
100%.

RESULTS AND DISCUSSION

Enzyme isolation from kidney bean seeds
Germination is the initial stage in separating
urease from kidney bean seeds. Germination is
accomplished by soaking kidney bean seeds in
water to absorb water into the plant tissue's
cavities so that the plant tissue's cells become
actively growing [13]. The soaked kidney bean
seeds are then placed on moist cotton and kept
in the dark to prevent sunshine from interfering
with the auxin hormone's effectiveness. Auxin
contributes to the growth and elongation of
plant cells. The auxin concentration is more
significant in the portion of the plant that is not
exposed to light than the lit portion [14].

The activity test was carried out by measuring
the amount of ammonia produced from the
reaction of urea with urease from kidney bean
seeds. The activity test was carried out using the
Nessler method. The principle of measuring
ammonia using the Nessler method is that
Nessler's reagent (K2Hgls) when reacted with
ammonia in an alkaline environment will form
a colloidal dispersion with a yellowish brown
color [HgOHg(NH2)I]. The intensity of the
color that occurs is directly proportional to the
concentration of ammonia present in the
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Figure 2. Alginate beads pores analis elt

using SEM at magnification 1000 x.

sample. The absorbance of the solution was
measured using a UV-Vis spectrophotometer at
500 nm. The results of the urease activity test
obtained a value of 11.84 U/mL. Figure 1 shows
the activity test using Nessler method: a) blank
(aquades) b) control (urea without the addition
of enzymes) c) reaction of urea with urease.
from kidney beans.

Ca-alginate matrix immobilization of urease
Effect of alginate concentration on urease
immobilization

Urease from kidney bean was immobilized by
utilizing a trapping approach with an alginate
matrix. Using a micropipette, urease was
immobilized by dropping a mixture of Na-
alginate solution and urease enzyme into a 0.2
M CaCl> solution. Ca-alginate beads
subsequently formed, trapping the enzyme
inside. The pores in the beads are formed as a
result of cross-linking between the carboxyl
anion (COO-) of guluronic acid in alginate and
the bivalent cation Ca?" produced from CaCl:
(Figure 2) [15].

Meanwhile, the test results of immobilized
urease activity with variations in the Na-
alginate solution can be seen in Figure 3. Figure
3 demonstrates that the optimal concentration of
Na-alginate was achieved at a concentration of
5% with an activity value of 4.74 U/mL. When
the concentration of the Na-alginate solution
was less than 5%, the pores of the produced
beads were prominent, making it more
straightforward for the trapped enzymes to
escape the matrix, which resulted in low
activity. If the concentration of the Na-alginate
solution is above 5%, the pores of the beads
formed will be more tightly packed, this is
because the cross-links formed are also
increasing so that the substrate diffusion
process becomes inhibited and the product will
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be difficult to form so that its activity decreases

[3].

Urease activitiy (Unit/mL)

2 3 4 5 6

Precentage of Na-alginat concentration (w/v)

Figure 3. Effect of Na-alginate concentration
on bean urease activity of kidney bean seeds

Effect of contact
immobilization

times on urease

The effect of contact time on urease activity can
be seen in Figure 4.

Urease activity (U/mL)
o =2 N W b OO N

20 40 60 80 100
Contact time (minutes)

Figure 4. Effect of contact time on the activity
of urease beads from kidney bean seeds

As presented in Figure 4, the optimal contact
duration was 60 minutes, with an activity level
0f 5.92 U/mL. A lack of urease activity resulted
from beads coming into contact with CaCl
before the optimal time. Ca-alginate beads can
only form on the surface. Bead formation would
continue in the deep section until the optimal
contact time, at which point the beads would be
homogeneous and solid. After exceeding the
optimum contact time, the activity of the urease
beads decreased because the enzyme was
exposed to Ca metal for a more extended period,
thereby denatured [11].

Characterization of free and

immobilized urease

urease

Effect of pH on enzyme activity

The study results on the effect of pH on urease
activity can be seen in Figure 5. The optimal pH
for free urease is pH 7, with an activity value of
15.45 U/mL. In contrast, the optimal pH for
immobilized urease is pH 8, with an activity
value of 6.68 U/mL, as shown in Figure 5.

5'%;{ Vol. 22 | No. 3| October 2022

16
14 ==8-—=immobilized urease
12
10

—0-=free urease

Urease activity (U/mL)

oN PO

Figure 5. Effect of pH on urease activity of
kidney bean seeds

Under low pH conditions, the enzyme would
undergo protonation and lose its negative
charge. Under high pH conditions, the substrate
would undergo ionization and lose its positive
charge, making the formation of the enzyme-
substrate complex more challenging. The
enzyme can be denatured if the pH conditions
are excessively high or low. At the optimal pH,
the conformation of the enzyme's active site
corresponds to the shape of its substrate [16].
The difference between the optimal pH for free
urcase and immobilized urease is that, after
immobilization, the supporting matrix would
influence changes in environmental conditions
[17].

Effect of temperature on the activity of urease
The research results on the effect of temperature
on urease activity can be seen in Figure 6.
Figure 6 shows that the optimal temperature
difference between free urease and immobilized
urease is 35 °C and 40 °C, with 17,18 U/mL and
7.25 U/mL. The interaction of the enzyme
structure with the immobilization matrix led to
the formation of secondary and tertiary
hydrophobic interactions, resulting in a change
in the enzyme's conformation. It necessitates
higher temperatures to attain the proper
conformation for optimal activity [17].

20
_EJ :1]2 ~—&—immobilized urease
214 free urease
212
=10
‘g 8
3 2
o 0
25 30 35 40 45 50 55

Temperature (°C)

Figure 6. Effect of temperature on urease
activity of kidney bean seeds

The support matrix can absorb a certain amount
of heat and prevent the denaturation of the
enzymes. It may increase the optimal
temperature of immobilized urease. The
majority of industrial applications of enzymes
are carried out at room temperature or higher
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temperatures. ~ Typically,  immobilization
increases the enzyme's resistance to higher
temperatures, making the immobilized enzyme
more valuable and cost-effective in the industry
[18].

Effect of repeated use of immobilized enzymes
With optimal bead conditions, repeated use of
immobilized urease was conducted. At the end
of the activity test reaction, the immobilized
enzyme was collected by filtration using filter
paper, washed with buffer, and added back into
the new substrate to start a new cycle. The
results can be seen in Figure 7.

120
100
80
60
40
20

Relative activity (%)

0
0 2 4 6

Usage (Times)

Figure 7. Stability of repeated use of urease
beads from kidney bean seeds

Figure 7 shows that urease beads can be reused
up to five times with a 52% relative residual
activity. Reduced activity after repeated use
because the beads become very brittle and the
surface of the beads is harmed, causing the
enzymes to become inactive and consequently
reducing their activity. Immobilized urease
from chickpea with alginate maintained 60% of
its initial activity at the end of five cycles [19].
Immobilized urease from jack bean using
alginate can also be used up to 5 times with an
activity of about 40% [20]

CONCLUSION

Kidney bean seeds' urease activity was
significantly affected by the concentration of
Na-alginate and the contact time between
immobilized beads and CaCl.. The obtained
beads can be reused up to five times with a
remaining activity of 52%.
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