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ABSTRACT. Urease is an enzyme that has the role to hydrolyzes urea infto ammonia and carbon dioxide. Immobilization is
one of the most efficient strategies to improve its activity recovery and properties of urease. This research started with the
germination of winged beans for 8 days. The winged bean was extracted by grinding using a mortar and pestle and then
added with phosphate buffer at pH 7. The solution was homogenized using a stirrer and then centrifuged in cold conditions
so that an extract of urease was obtained. Urease exiracts were immobilized using a chitosan-supporting matrix.
Optimization of the immobilization process of urease exiract includes the concentration of chitosan and sodium
tripolyphosphate (TPP) and contact time. The obtained was free and immobilized urease activities then tested using the
Nessler method and measured using a UV-Vis spectrophotometer with a wavelength of 500 nm. The obtained data were
then statistically tested using ANOVA. Urease-chitosan beads were further tested in repeated use and analyzed with SEM-
EDX (Scanning Electron Microscopy-Energy Dispersive X-ray). The results showed that the optimum conditions for making
urease-chitosan beads were a concentration of 4% (w/v), 2.5% (w/v) TPP, and 60 minutes of contact time, resulting in an
activity value of 15.076 U/mL, which can be used 5 times with 46% activity from the initial activity. The EDX analysis results
after the addition of the enzyme showed atom composition changes leading to increasing carbon and nitrogen contents.
The existence of phosphor showed that TPP was a chitosan cross-link compound.
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INTRODUCTION

Urease is an enzyme which has the role of a urea
hydrolytic catalyst and then becomes ammonia and
carbon dioxide. Urea and its hydrolytic product
(ammonia) has an important role in both analytical
and clinical chemistry, such as urine and blood
analyses, kidney failure, and artificial kidney control,
as well as in water waste management in food and
drug analyses (Lahiri, 2015).

Urease is widely found in various bacteria, fungi,
and plants. The most commercially available urease is
from jack bean (Canavalia ensiformis), which is the
plant with the best characteristics (Saem et al., 2015).
Other researchers isolated urease from broad beans
(Vicia faba L.) (Bedan, 2020), pea seeds (Pisum
sativum) (lyer et al., 2018), jackfruit (Chouhan et al.,
2018), and asparagus beans (Vigna unguiculota
subsp sesquipedalis L.) (Zustfahair et al., 2018). In this
research, urease was isolated from winged beans.
Winged beans contain protein in flowers at 2.8-5.6;
leaves at 5-7,6; young pods at 1.9-4.3; fresh seeds at
4.6-10.7; dry seeds at 29.8-39 and tubers at 3-15,

each calculated per 100 grams of fresh weight
(Saptadi et al., 2016). High protein content found in
the dry seed of winged beans can be used as urease
source.

In its application, urease is used in its immobilized
form. Enzyme immobilization can be made using
various methods. Some effective methods for enzyme
immobilization include surface absorption,
encapsulation, or trapping. However, most
immobilization processes result in the decreasing
enzyme activity or changing enzyme structure. The
main benefit of immobilization method is enzyme
activity stability after immobilization and reversibility
processes, which enable the supporting enzymes and
matrixes reused. Enzyme immobilization is also
essential for more efficient utilization. Immobilized
enzymes are stronger and more resistant to
environmental changes than free enzyme (Al-Garawi
et al., 2022).

Urease immobilization has been made in various
matrixes for analytical and clinical applications. The
matrixes used for urease immobilization include ZnO
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(Eghbali et al., 2015); sodium alginate (Danial et al.,
2015), (Tetiker & Ertan, 2017), (Saxena et al., 2017);
cellulose (Lv et al., 2018); Polyethersulfone (Zhang et
al., 2019); and chitosan (Krishna et al., 2011), (Lahiri,
2015), (Al-Garawi et al., 2022).

Chitosan is known as a supporting material

ideal for enzyme immobilization due to its
characteristics,  such as increasing mechanical
strength, avoiding enzymes from the metal-ion

disturbance, being resistant  to  chemical
degradation, and having antibacterial characteristics.
Chitosan, the poly-N-acetyl glucosamine and also
the derivative of N-deacetylase from chitin, is the
second most common biopolymer after cellulose.
Chitosan has a primary amine in the position of C-2
from glucosamine residue. The existence of an
amine group is a unique feature that causes chitosan
to have important functional characteristics (Al-
Garawi et al., 2022).

This research used the immobilization process with
a trapping method. In trapping method, enzymes were
immobilized by trapping gel, fiber, or
microencapsulation. The enzyme was maintained in
tissues while substrate and product were freed to pass.
Those reduced enzyme washes, increased stability,
and enabled enzymatic reaction to happen. There was
no covalent bond between enzymes and the
supporting matrixes, so that enzyme conformation was
maintained and ensured high catalytic activity (Liu et
al., 2018).

Exploration of urease-producing plants needs to be
carried out considering that urease is still imported.
Until now, there has been no research on urease
extraction from winged beans. In this research, urease
was isolated from winged beans. The urease extract
obtained was immobilized with chitosan using a
trapping method. Some factors influencing the
formation of urease-chitosan beads were optimized,
such as chitosan concentration, TPP concentration,
and TPP contact time with urease-chitosan beads.
Urease-chitosan beads were further tested in repeated
use and analyzed with SEM-EDX.

EXPERIMENTAL SECTION
Equipment and Materials

The equipment used in this research included
glasses commonly used in biochemical laboratory,

centrifuge  (Quantum), spectrophotometer UV-Vis
(Shimadzu  UV-1800), incubator  (Memmert),
analytical balance (O’Haus), pH meter (Hanna

Instrument), and Scanning Electron Microscopy (JSM-
6510LA). The materials used in this research included
winged bean (from Kembangan, Purbalingga),
acetate acid, urea, chitosan, Nessler reagent,
ammonium  sulfate, Na;HPO4.2H,O, Na-TPP,
NaH2;PO4.2H,O, H.SO., Natrium wolframite, and
distilled water. All chemical materials were obtained
from Merck Chemical Company (Merck, Jerman),
except (technical) chitosan.

Zusfahair, et al.

Research Procedures
Urease isolation from winged bean

Urease isolation was made using the same method
previously used by Zusfahair et al. (2022). The
obtained urease extract was immobilized using
chitosan.

Optimization of immobilized urease making with
chitosan

The immobilized urease beads made with chitosan
matrixes were created using three optimization
parameters: chitosan concentration, TPP
concentration, and contact time variations.
Urease immobilization with chitosan concentration
variations

Chitosan solution with concentration variations of
3,4, 5, and 6% (b/v) was made by dissolving chitosan
powder into acetate acid of 2% (v/v). 4 mL of chitosan
solution with each variation was mixed into 1 mL of
urease from winged beans and then stirred with a
magnetic stirrer at a temperature of 4 °C. The
homogenous solution was then dropped with 30 mL
of TPP 2% (b/v) solution. The formed urease -chitosan
beads were left for 60 minutes in the TPP solution. The
activity of urease-chitosan beads was measured using
the Nessler reagent. The urease-chitosan beads with
chitosan concentration variations having the optimum
activity were used for immobilization with TPP
concentration variations.
Urease immobilization with TPP concentration
variations

Urease immobilization using TPP concentration
variations  was similarly made using chitosan
concentration variations. The TPP concentration
variations included 1.5, 2, 2.5, and 3% (b/v). The
urease-chitosan beads with optimum activity were
used for immobilization using time contact variations.
Urease immobilization with confact fime variations

The urease immobilization using time contact
variations was similarly made with that using TPP
concentration variations. Urease-chitosan beads were
left for 20, 40, 60, 80, and 100 minutes. Urease-
chitosan beads with optimum activity were then used
for further analysis.

Free and immobilized urease activity testing

1 mL of urea solution at 0.2 M was put into a
sample test tube and then added with 1.9 mL of buffer
phosphate at pH 7. Around 0.1 mL of urease extract
from winged bean seeds was added to the sample test
tube. The control test tube was contained with 2 mL of
buffer phosphate and 1T mL of urea solution 0.2 M.
The solution was then incubated for 15 minutes at a
temperature of 35 °C. A solution in the sample and
control test tubes that have been cold was added with
1 mL of H,SO4 2/3 N and 1 mL of Na-wolframite and
further centrifuged for 15 minutes. The formed
supernatant was taken as much as 1.5 mL added with
0.25 mL of Nessler reagent.

The immobilized enzyme activity test was made
using the most optimum urease-chitosan beads. A
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total of 5 mL of 0.2 M urea solution in phosphate
buffer pH 7 was added with chitosan urease beads, as
much as the number of beads formed in one making
time. The solution was then incubated for 15 minutes
at a temperature of 35 °C. Urease-chitosan beads
were then separated from the solution and measured
using a Nessler reagent. The control solution was
similarly made without using urease-chitosan beads.
The solution was then  measured  using
spectrophotometer UV-Vis at the wavelength of 500
nm. The determination of urease activity from winged
beans was conducted using the ammonium sulfate
standard curve (Zusfahair et al., 2018). One activity
unit is stated by the number of ammonium ions formed
in umol per mL per minute from urea hydrolysis by
urease in the sample.

Repeated use of immobilized urease

Urease-chitosan beads were repeatedly used until
the urease activity decreased. Besides, Scanning
Electron Microscopy (SEM) and Energy Dispersive X-
ray (EDX) were used to analyze the immobilized
urease. The analysis was conducted at the integrated
research and testing laboratory of Gadjah Mada
University.

RESULTS AND DISCUSSION
Urease Activity Test

Urease is a metalloenzyme containing nickel on its
active side. Urease is included in hydrolase. Urease
hydrolyzes urea, resulting in ammonia and carbon
dioxide (El-hefnawy et al., 2014). The reaction is
presented as follows:

Urease activity is measured by the amount of the
formed ammonia. There are two common methods to
detect the formed ammonia: Berthelot and Nessler.
The Berthelot method is based on two-step reaction of
ammonia with two reagents: hypochlorite and a
phenolic compound (non-toxic salicylate):

NH; + CIO- > NH,Cl + OH~ (1)
NH.Cl + C;Hs03 = C;H;O:N + ClI- (2)
C7H;O3N  (5-amminosalicylate) is a reaction

product with a blue-green color that absorbs light at
approximately 620 nm. In this method, the reaction
runs in two stages, and color development is not a
quick process, so the sensitivity of this method is
greatly dependent on time (Bzura & Koncki, 2019).

The second method frequently implemented in
analytical practices is ammonia reaction with the
Nessler reagent (tetraiodomercurate in  kalium
hydroxide alkali solution):

NH; + 2Hgls?~+ 30OH > OHg:NH,l + 71'+2H,0 (3)
The principle of Nessler method is the reaction
between NH; and the Nessler reagent forming
complex compounds of yellow color following Beer-
Lambert’s Law. The apparent color intensity is directly
proportional to the concentration of ammonia
contained in the samples. The enzyme activity test as
a control is urea solution without enzyme addition so
that ammonia is not produced. Yet, when added with
the Nessler reagent, the solution has a clear color. The
absorbance of the apparent color intensity is
measured at the wavelength of 500nm (Zusfahair et
al., 2022a). This method has the strengths related to
its easy operation and high sensitivity (Wu & Cao,
2013). The Nessler method is significantly faster and
only needs one inexpensive and stable reagent. On
the other side, the Nessler reagent is more poisonous
than the hypochlorite dan phenolic compounds used
in the Berthelot method. Considering these pros and
cons, it is clear why the Nessler method is frequently
implemented in routine and research laboratories
(Bzura & Koncki, 2019).

Urease Isolation from Winged Bean

Urease was isolated from winged beans following
steps similar to those developed by Zusfahair et al.
(2022b). The obtained urease extract was further
immobilized using chitosan matrixes.

Optimization of Immobilized Urease Making with
Chitosan
Urease immobilization with chitosan concentration
variations

Chitosan is a cheap and multi-functional
biomaterial (Verma et al., 2020). Chitosan has inert
characteristics as well as supporting material that is
cheap, hydrophilic, bio-compatible, biodegradable,
and non-poisonous, making it an appropriate
material for enzyme immobilization (Kaushal et al.,
2018). Literature shows that immobilization can be in
the form of enzyme trap in chitosan beads or covalent
bond with film-transparent  chitosan. Enzyme
immobilization in chitosan beads is one technique

frequently used due to its simplicity and
inexpensiveness.
) tw = Urea
T m—
o = Urease

= Carbonic acid

= Ammonia

Figure 1. Urea with a urease catalyst can be broken down into ammonia and carbonic acid (Zhang et al., 2019).
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The enzyme immobilization process on chitosan
beads was started by dissolving chitosan in acetate
acid 2% (v/v). The existence of carboxyl group (-
COOH) in acetate acid can ease chitosan dissolution
since there is hydrogen interaction between the
carboxyl group and the amine group (-NH;) from
chitosan forming cationic amino (NH3*) (Setyaningtyas
et al., 2021). Chitosan solution is made with
concentration variations of 3%, 4%, 5%, and 6% (b/v).
Chitosan solution is added with urease from winged
beans and homogenized, as well as dropped into
sodium  tripolyphosphate  (TPP)  solution  using
micropipettes. TPP as a cross-linking agent, possibly
resulting in hydroxyl ions (OH") and phosphate ions
when dissolved in water. Chitosan will form a cross-
link with TPP. The formed cross-link is due to the
existence of a reaction between chitosan positive
charges (-NH3*) and negative charges in natrium
tripolyphosphate (H3P3O10%) (Kadri et al., 2018), so

+
NH;
HO
HO
o]
HOH,C
HOH,C
HO <
HO
NH,

+

0

Zusfahair, et al.

that the enzyme will be trapped within the cross-link
between chitosan and TPP (Tantowidjojo et al., 2013).
The cross-link occurring between chitosan and TPP is
presented in Figure 2.

The activity of the formed urease-chitosan beads
was measured at pH 7 and a temperature of 35°C.
The obtained data were in the form of a relationship
curve between chitosan concentration (%) and urease
activity (U/mL) as presented in Figure 3. At constant
urease concentration, the immobilized urease activity
shows a typical curve with increasing chitosan
concentration (Figure 3). When chitosan concentration
increases up to 4%, immobilized urease activity also
increases up to 13.660 U/mL. This result shows that
the optimum chitosan concentration is 4% efficient for
immobilization processes. The optimum chitosan
concentration has a positive effect to strengthening the
interaction with the enzyme and stabilizing the enzyme
conformation (Cao et al., 2016).

HOH,C
Q
8] O—_
HO
[NHg
/o
L —0
o—FPZ
—_ \‘\‘D
0 pZ
—P—0
\O
/-
O—P\—o
G_
-
MNH;
HO
D/
0]
HOH,C

Figure 2. Structure of chitosan-TPP (Kurniasih et al., 2022)
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Figure 3. The relationship between chitosan concentration variations and immobilized urease
activity. Values obtained are an average of three repeats.
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The increasing chitosan concentration of > 4%
shows the decreasing urease activity. This is predicted
due to the increasing solution viscosity, which can
inhibit the movement of enzyme molecules in the
surrounding chitosan molecular chains (Gan & Wang,
2007). According to Cao et al. (2016), high
supporting matrix concentrations can increase steric
inhibition and enzyme diffusion resistance, causing
some inhibitions in catalyzing reaction so that enzyme
activity decreases. Urease from Schizzosaccharomyces
pombe has the optimum activity at the chitosan
concentration of 2.5%, with activity value of 0.29 Unit
(Fatmawati et al., 2013). Different optimum chitosan

concentrations are caused by different enzyme sources.

Enzymes from different sources will also have different
characteristics.

Urease immobilization with TPP concenfration
variations

The relationship data between TPP concentration
variations and immobilized urease activity can be seen
from Figure 4. Chitosan can be used as the
appropriate  supporting  matrix for  enzyme
immobilization since it has two active groups: amino
(-NH3) and hydroxyl (-OH) (Oliveira et al., 2017).
Chitosan, as an enzyme immobilization supporting
matrix whose structures can be changed by TPP has
the function as a cross-link compound (Bahreini et al.,
2014). The benefits of using TPP as a cross-link are
due to its stability, simplicity, and security. TPP addition
can change chitosan pore size and porosity
influencing the number of enzymes restrained in the
matrix.

Based on the data presented in Figure 4, it showed
that the highest urease activity was obtained from the
use of TPP concentration 2.5% with the activity value of
14.444 Unit/mL. The most appropriate TPP
concentration 2.5% was for cross-linking. TPP can
intermolecularly and intframolecularly link  with
chitosan. Intermolecularly, TPP causes many pores to
be created, while intramolecularly, TPP will form

particular pores causing urease-chitosan beads
become more rigid. Excessive TPP can also cause the
enzyme lose its flexibility and activity (Qian et al.,
2020). During cross-linking the negatively charged
groups on the enzyme surface may be neutralized by
the positively charged amine groups of chitosan. In
addition, the -NH3z* group on the enzyme surface may
be neutralized by polyanionic TPP molecules (Kadri et
al., 2018).
Urease immobilization with contact time variafions
The data related to contact time variations with
immobilized urease activity can be seen on Figure 5.
The data presented in Figure 5. showed that the
immobilized urease activity was initially low. This was
because the number of cross-links created was small,
so the pores of the beads were big. The big pores of
beads caused enzymes to escape from the beads. The
immobilized urease activity gradually increased due to
the addition of contact time, significantly increased at
the contact time of 60 minutes, and significantly
decreased after it. The longer the contact time between
the immobilized urease beads and TPP solution, the
greater cross-link between chitosan and TPP. This
made the formed beads densre, resulting in pores that
ease the interaction between substrate and an enzyme.
If the contact time is too long, the immobilized enzyme
configuration can significantly change due to the
excessive number of cross-links, causing the
denaturation the of protein enzyme (Chen et al., 2013).

The Influence of Repeated Use on Immobilized Urease
Activity

Immobilized enzyme can be used repeatedly.
Repeated use can be made when beads are optimally
made. After the first activity test was completed, the
beads were then filtered using filter paper, washed
using buffer, and added to new substrate for further
activity testing. The curve obtained from the influence
of repeated use on immobilized urease activity can be
seen in Figure 6.

< 16 1 14.444+ 0.126
= 14 4 1310 0.132 12.094 % 0,095
= 129
10 9.538+ 0.095
Z 8+
g 6+
% 4
-1
2 2
=

1.5 2.0

% TPP (V/v)

Figure 4. The relationship between TPP concentration variations and immobilized urease activity.
Values obtained are an average of three repeats.
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Figure 5. The relationship between contact time variations and immobilized urease activity. Values
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Figure 6. Repeated use of immobilized urease enzyme. Values obtained are an average of three repeats.

Immobilized enzymes are considered good to use
when they have an activity value of approximately
50%. Based on the curve presented in Figure 6, it
showed that the immobilized enzyme was still effective
to use up to 5 times, with a remaining activity of 46%.
Pithawala et al., (2010) used calcium alginate to trap
urease, which had an activity of 60% after the third
cycle. Urease from chickpeas immobilized with matrix-
supporting alginate can be used up to 5 times and
maintain activity at 60% of the initial activity (Tetiker &
Ertan, 2017). B-D-Galactosidase immobilized with
chitosan could only be used twice with the activity of
33.2% from the initial activity (Wahba, 2017).

Enzyme activity decreased after repeated use. This
was predicted because in the first use, the number of
enzymes trapped in chitosan was still many so the
activity was still high. In the fifth use, the number of
enzymes trapped in chitosan continuously decreased,
so that those enzymes were released after the repeated
use. This statement was supported by the analysis
conducted using SEM. SEM analysis can be seen in
Figure 7. Figure 7A the pores seemed bigger as

13

chitosan tended to agglomerate. Figure 7B when
enzyme was added, the enzyme entered the pores and
made them smaller when compared to those without
enzyme. Figure 7C) the pores got bigger again when
enzymes escaped due to the repeated use.

The urease immobilized with chitosan was also
analyzed using the EDX spectrum (Figure 8). The EDX
technique detected X-rays emitted from the samples
during the bombing made by the electron beam to
characterize the compositions of the sample elements
(Malhotra & Basir, 2020). Figure 8 showed that after
the addition of enzyme, the atom compositions
changed in which the content of carbon and nitrogen
increased. This change is due to the interaction of the
enzyme with chitosan which forms a composite where
the enzyme is immobilized with chitosan. These results
are in accordance with research conducted by Krishna
et al., (2011), there was also an increase in the
percentage of nitrogen, this might be due to the
presence of enzymes on the surface. The presence of
phosphor showed that TPP was the cross-link
compound for chitosan.
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Figure 7. Scanning Electron Microscopy (SEM) analysis. (A) Control. (B) After used 1 time. (C) After used 5 times

at the magnification of 5000 times. Scale bars = 5um
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Figure 8. (A) Chitosan beads; (B) Urease-chitosan- beads; (C) Composition of elements in beads. EDX analysis

using the standardless ZAF quantification method

CONCLUSION
Urease from the winged bean has been
successfully immobilized using chitosan  matrix.

Immobilized urease is made with a concentration of
chitosan 4% (b/v), Na-TPP 2.5% (b/v), and 60 minutes
of contact time with an activity value of 15.076
Unit/mL, as well as repeatedly used for 5 times with
the activity reaching 46% from the initial activity.
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