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Abstract Jack bean urease (urea aminohydrolase,
E.C. 35.1.5) was entrapped into chitosan—alginate
polyelectrolyte complexes (C-A PEC) and poly(acryl-
amide-co-acrylic acid)/k-carrageenan (P(AAm-co-
AA)/carrageenan) hydrogels for the potential use in
immobilization of urease, not previously reported. The
effects of pH, temperature, storage stability, reuse
number, and thermal stability on the free and immo-
bilized urease were examined. For the free and
immobilized urease into C-A PEC and P(AAm-co-
AA)/carrageenan, the optimum pH was found to be 7.5
and 8, respectively. The optimum temperature of the
free and immobilized enzymes was also observed to be
55 and 60 °C, respectively. Michaelis—-Menten constant
(Km) values for both immobilized urease were also
observed smaller than free enzyme. The storage sta-
bility values of immobilized enzyme systems were ob-
served as 48 and 70%, respectively, after 70 days. In
addition to this, it was observed that, after 20th use in
5 days, the retained activities for immobilized enzyme
into C-A PEC and P(AAm-co-AA)/carrageenan ma-
trixes were found as 55 and 89%, respectively. Thermal
stability of the free urease was also increased by a re-
sult of immobilization.
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Introduction

Enzyme urease (E.C. 3.5.1.5) is a highly specific
enzyme and catalyzes the hydrolysis of urea to
ammonium and carbon dioxide [1]. It has been
immobilized for various analytical and biomedical
purposes. One of the main applications of immobilized
urease is the direct removal of urea from blood for
detoxification [2] or in the dialysis regeneration
systems of artificial kidney machines [3]. Other appli-
cations of immobilized urease will be in a bioreactor
for the conversion of urea present in fertilizer waste-
water effluents to ammonia and carbon dioxide [4] or
in the food industry for the removal of urea from
beverages and foods [5, 6].

Recently, there has been an increasing interest in
use of naturally occurring polymers as support material
for immobilization of proteins. Chitosan and alginate
are both polysaccharides derived from marine bio-
polymers. Chitosan is a copolymer of glucosamine and
N-acetylglucosamine obtained by deacetylation of
chitin. Alginate is an acidic linear polysaccharide
composed of two sugars, L-guluronic acid and
D-mannuronic acid, in variable proportions. The amino
group of chitosan is easily protonated at moderately
low pH (< 6.3) to form cationic polyelectrolyte, and
the carboxylic acid group of alginate is easily ionized in
water to form anionic polyelectrolyte. The polycation
and polyanion, carrying electrostatically complemen-
tary ionizable groups, can form a stable polyelectrolyte
complex. Beads prepared from chitosan—alginate
polyelectrolyte complex have gained considerable
attention in tissue engineering as scaffold and con-
trolled-delivery systems for macromolecular drugs
[7-10].
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Interpenetrating polymer networks (IPNs) are
mixtures of two cross-linked polymers. Generally,
IPNs are formed either by simultaneous parallel
reactions according to various mechanisms or by
swelling one network in monomers from which the
second network can be produced [11]. IPNs are
preferred in a number of biotechnological and bio-
medical applications due to their certain biophysical
properties such as ease of fabrication to various
geometrical forms, soft and rubbery texture, and
unusual stability to biofluids [12].

The objective of the present investigation was to
offer a simple method for the preparation of chito-
san—alginate polyelectrolyte complex (C-A PEC) and
IPNs prepared from poly(acrylamide-co-acrylic acid)/
k-carrageenan  (P(AAm-co-AA)/carrageenan)  as
supports for immobilization of urease. Immobiliza-
tion of urease by using various materials has been
reported by many researchers in the literature
[13-19]. As far as we aware the immobilization of
urease by these matrixes has not been reported in
the literature. These polymer matrixes have certain
advantages over other materials such as low cost,
ease of enzyme accessibility, hydrophilic character,
etc. For this purpose, the Michaelis—Menten kinetic
constants (K, and Vi ,.x), optimum pH and temper-
ature, reuse numbers, storage and thermal stability
for the free and immobilized urease were reported.

Experimental
Materials

Jack bean urease (E.C. 3.5.1.5), chitosan, sodium alginate,
and urea were purchased from Sigma-Aldrich Chemical
Company (St. Louis, USA). Acrylamide (AAm), acrylic
acid (AA), ammonium persulphate (APS), N,N,N,N'-
tetramethylethylendiamine (TEMED), N,N’-methylene-
bis-acrylamide (BAAm), acetic acid, phosphoric acid,
boric acid, and all the other chemicals were obtained from
Merck AG (Darmstadt, Germany).

Glacial acetic acid, phosphoric acid (85%, v/v),
boric acid, and standardized NaOH were used to
prepare Britton—-Robinson (B-R) buffers. B-R buffer
solution was prepared in such a way that 2.3 mL
glacial acetic acid, 2.7 mL phosphoric acid, and
2.4720 g boric acid dissolved by dilution triple-dis-
tilled water to 1.0 L; 50 mL portions of this solution
were taken and the pH was adjusted between 4.0 and
8.0 by the addition of an appropriate amount of
2.0 M NaOH.
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Immobilization of urease into Chitosan—Alginate
polyelectrolyte complex and P(AAm-co-AA)/
carrageenan hydrogels

Urease was entrapped into C-A PEC and IPNs of
P(AAm-co-AA)/carrageenan. In the first part of this
study, chitosan and alginate solutions were prepared
separately by dissolving chitosan powder (0.5 g) in
50 mL of distilled water containing acetic acid (1.0%
by weight) and sodium alginate powder (0.5 g) in
50 mL distilled water at room temperature, respec-
tively. The two solutions were then mixed thoroughly
for 6 h. Then, the dissolved chitosan solution was ad-
ded into the alginate solution and blended with a
magnetic stirrer for 2 h. After this process, enzyme
urease (6 mL) was added into this solution and stirred
thoroughly for 1 h. This homogeny mixture was drop-
ped into 0.27 M CaCl, solution. As a result of this
procedure, urease was entrapped in C-A PEC spherical
beads in 2 mm diameters. The immobilized enzymes
were washed twice with distilled water. It was stored at
4 °C in buffer solution until use.

In the second part of this study, enzyme urease was
entrapped into IPNs of poly(acrylamide-co-acrylic
acid)/carrageenan. The immobilization procedure was
carried out as following ways. P(AAm-co-AA)/carra-
geenan hydrogels were synthesized by free-radical
cross-linking polymerization of AAm and AA using a
small amount of bisacrylamide (BAAm) as the cross-
linker. APS and TEMED were used as the redox ini-
tiator system. In 20 mL distilled water, AAm (2.85 g),
AA (2 mL), «-carrageenan (1 g), Dbisacrylamide
(0.15 g), APS (10 mg), enzyme solution (6 mL), and
TEMED (1 mL) were mixed thoroughly. This mixture
was stirred and poured into a flat bottom petri dish.
After polymerization, the P(AAm-co-AA)/carra-
geenan hydrogels were cut into equal size cubes
(5 x 5 x 5 mm?). The gel cubes were waited in distilled
water for 1 h in the refrigerator. These cubes were
washed thoroughly three times with distilled water.
Enzyme immobilized hydrogels were stored at 4 °C in
buffer solution used in the further experiments.

Enzyme activity assay

Urease activity of both soluble and immobilized
enzyme was determined by the Nessler ammonia assay
method using a Unicam UV/Vis spectrophotometer
UV2. The method is based on the hydrolysis of urea to
ammonium [20, 21]. Unless otherwise stated, the
reaction mixture contained 1 mL of 0.2 M urea, 1 mL
B-R buffer (pH 7.5), an appropriate amount of the
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enzyme (soluble enzyme, 0.1 mL; C-A PEC beads,
0.5 g; P(AAm-co-AA)/carrageenan, 0.5 g). This mix-
ture was kept in a shaking water bath and the reaction
was carried out at 55 °C for 30 min. Then, 1 mL
trichloroacetic acid was added into this mixture. For
estimating the amount of ammonium, to a suitable
aliquot (generally 1 mL) of the reaction mixture, 1 mL
solution of Nessler reagent was added. Absorbance at
391 nm was recorded. Activities of enzymes were
determined by using the slope of the ammonium cali-
bration curve.

Results and discussion
Effects of pH and temperature on activity

The change in the optimum pH depends on the charge
of the enzyme and/or of the matrix. This change is
useful in understanding the structure—function rela-
tionship of the enzyme and to compare the activity of
free and immobilized enzyme as a function of pH. The
effect of pH on the activity of the free and the
immobilized urease was assayed in the pH range of
5.0-10.0 at 35 °C. The results are presented in Fig. 1.
As shown in the figure, for the free enzyme and the
immobilized enzymes into C-A PEC and P(AAm-
co-AA)/carrageenan, the maximum activities were
observed at pH 7.5 and 8.0, respectively. In the cases of
C-A PEC and P(AAm-co-AA)/carrageenan immobi-
lized urease, the optimum pH shifted by 0.5 unit toward
the alkaline region (Fig. 1). Generally, immobilized
enzyme on polycationic supports would result in an
acidic shift in the pH optimum [22]. These shifts may be
attributed to secondary interactions, such as ionic and
polar interactions, hydrogen bonding, etc., between the
enzyme and the polymeric matrix [23, 24]. On the other
hand, the results suggested that the immobilized ur-
eases possessed better pH stability than the free one.
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Fig. 1 Effect of pH on free and immobilized ureases activity

The effect of temperature on the activity of free and
immobilized ureases for urea hydrolysis in the tem-
perature range of 30-70 °C is shown in Fig. 2. As
shown in the figure, it was found that the optimum
temperature for the free and immobilized enzyme into
P(AAm-co-AA)/carrageenan was 55 °C, while it shif-
ted to 60 °C for the immobilized enzymes into C-A
PEC. This was due to either the creation of confor-
mational limitation on the enzyme movement as a re-
sult of ionic interactions between the enzyme and the
supports or a low restriction in the diffusion of the
substrate at high temperature. Thus, the immobilized
enzymes showed their catalytic activities at a higher
reaction temperature.

Storage stability

The stability of an enzyme is of significant importance
for scheduling its application in a particular reaction.
The immobilized and free ureases were stored in B-R
buffer solution at 4 °C for various time periods. The
residual activity of the enzyme was determined as a
function of time using urea as substrate and results are
given in Fig. 3. It is observed that the free enzyme
looses its 50% activity within 7 days. In the same time
frames, immobilized enzymes into C-A PEC and
P(AAm-co-AA)/carrageenan retained about 94 and
98% of its original activity. After 20 days, the catalytic
activity of the free urease was fully lost. Upon 70 days
of storage C-A PEC and P(AAm-co-AA)/carrageenan
immobilized enzyme retained about 48 and 70% of its
original activity, respectively. The generated multi-
point ionic interactions between enzyme and supports
should also convey a higher conformational stability to
the immobilized enzyme. Thus, C-A PEC and P(AAm-
co-AA)/carrageenan supports and the immobilization
methods provide higher shelf life for the immobilized
forms compared to that of its free form [23, 24].
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Fig. 2 Effect of temperature on free and immobilized ureases
activity
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Fig. 3 Storage stability of free and immobilized ureases

Kinetic parameters

The effect of the substrate concentration on the
kinetics of the reaction catalyzed by free and immo-
bilized ureases was studied using urea as substrate at
constant temperature and pH. From the Lineweaver—
Burk plot of 1/V versus 1/[S] Michaelis constant (K,)
and the maximum reaction velocity (Vi,ax) of the free
and immobilized enzymes were calculated and results
are shown in Fig. 4. The V.« value of the free urease
(0.0182 mM min™") was found to be higher than that of
the immobilized ureases in the C-A PEC
(0.0104 mM min') and P(AAm-co-AA)/carrageenan
(0.0099 mM min™"). As for, K,, values were estimated
as 4.5, 3.03, and 3.30 mM for the free, and the immo-
bilized enzymes into C-A PEC and P(AAm-co-AA)/
carrageenan, respectively. There was a decrease in K,
values for both the immobilized enzymes. Generally,
K, values of enzymes demonstrate an increase upon
immobilization. However, in this study, it was inter-
esting that the K, values of the immobilized ureases
were shown a decrease upon immobilization. These
results may be attributed to electrostatic interactions

between the substrate and polymeric matrix.
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Fig. 4 Lineweaver—Burk plots for free and immobilized ureases
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Enzyme-substrate complex formation becomes more
difficult due to the structure of polymers (porosity and
rigid structure) for immobilized enzymes and this also
causes a decrease in Vy,,x values compare to free en-
zyme. On the other hand, K, and V., values of the
immobilized enzymes were quite close to each other
most probably because of similar hydrogel structures of
the matrixes.

Thermal stability

Thermal stability experiments were performed with
the free and the immobilized ureases in C-A PEC and
P(AAm-co-AA)/carrageenan, which were incubated in
the absence of substrate at various temperatures. The
relative activity as a function of time and temperature
is shown in Fig. 5. As seen from the figure, at 65 and
75 °C, both immobilized ureases were inactivated at a
much slower rate than those of the free one. At 65 °C,
the free and the immobilized urease in C-A PEC and
P(AAm-co-AA)/carrageenan retained their activity
about to a level of 21, 50, and 60% during a 50 min
incubation period, respectively. In addition, at 75 °C,
the free and the immobilized ureases retained about 4,
33.4, and 55.5% of their original activities, respectively.
The conformational elasticity of the enzyme is affected
by immobilization. It is often found that immobilized
enzyme has a higher thermal stability than that of free
enzyme because of restriction of conformational elas-
ticity in immobilized enzyme [23, 24].

Repeated use capability

The operational stability of immobilized enzyme
systems is one of the most important criteria for vari-
ous biotechnological and biomedical applications; an
increased stability could make the immobilized enzyme
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Fig. 5 Thermal stability at different temperatures of free and
immobilized ureases



Bioprocess Biosyst Eng (2006) 29:207-211

211

120

—4—P(AAm-co-AA)/Carrageenan
—&— Alginate/Chitosaz
100

80

60

40

Relative Activity (%)

20

0 5 10 15 20 25 30 35
Reuse Number

Fig. 6 Effect of reuse numbers on immobilized urease activity

more advantageous than its free counterparts. Immo-
bilized urease by using C-A PEC and P(AAm-co-AA)/
carrageenan were used repeatedly 20 and 30 times
within 5 days, respectively. Measured relative activities
are presented in Fig. 6. It was observed that, after 20th
use, immobilized urease into C-A PEC retained 55.0 of
its original activity. And also, the retained activity for
P(AAm-co-AA)/carrageenan immobilized urease was
found to be 80.0% in the same use frame. Immobilized
enzymes activities decreased while reuse number
increased. These results could be explained by the
inactivation of the enzyme caused by the denaturation
and the leakage of enzyme from gels upon use and
diffusional effects [23, 24].

Conclusion

In the present study, Jack bean urease was immobilized
by using chitosan-alginate polyelectrolyte complexes
and IPNs of poly(acrylamide-co-acrylic acid)/k-carra-
geenan. These polymer matrixes have certain advan-
tages over other materials such as easy preparation
procedure, low cost, high immobilization capacity, and
good mechanical stability for various biotechnological
and biomedical applications.

The optimum pH for free and both immobilized
urease were observed to be 7.5 and 8.0, respectively.
The optimum temperature for free and immobilized
enzymes into C-A PEC and P(AAm-co-AA)/carra-
geenan were also found to be 55, 60, and 55 °C,

respectively. Thermal stability of the urease was in-
creased upon immobilization. Upon 70 days of storage
the preserved activity of the C-A PEC and P(AAm-co-
AA)/carrageenan immobilized enzyme was 48 and
70% of its original activity. Also, high reusability was
obtained for immobilized ureases.
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