Immobilization of pectinase by adsorption
on an alginate-coated chitin support
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ABSTRACT

Aspergillus niger pectinase was immobilized on an alginate-coated chitin support by adsorption. The optimal conditions
for immobilization were: pH 4.5, time of incubation 2 h and 85 ug/mL protein concentration. The yield of immobilized
protein was 70 % and the enzyme retained 60 % of the initial activity. Optimal pH, heat stability and reusability were
evaluated, among other properties of the immobilized enzyme. The thermostability was enhanced by about 9.7 °C
after immobilization. The immobilized pectinase was resistant during incubation, 10-fold more resistant to thermal
treatment at 50 °C than the native enzyme. The optimal pH for the catalytic activity of both, the immobilized pectinase
and the free enzyme, was the same, the prepared biocatalyst retaining 50 % of the original catalytic activity after 9
cycles of reuse. The obtained bioconjugate showed good operational stability and improved thermostability. These
properties support the potential application of the immobilized pectinase at the juices industry.

Keywords: pectinase, adsorption, chitin, alginate, enzyme stability, enzyme immobilization

Biotecnologia Aplicada 2013;30:101-104

RESUMEN

Inmovilizaciéon de pectinasa por absorcion en matriz de quitina recubierta con alginato. Se inmovilizé la
pectinasa de Aspergillus niger, por absorcién en un soporte de quitina recubierta con alginato. Las condiciones 6ptimas
fueron pH 4.5, incubacién 2 h y concentracién de proteina 85 ug/mL. El rendimiento de la proteina inmovilizada
fue del 70 % y la enzima retuvo el 60 % de su actividad inicial. Se evaluaron el pH 6ptimo, la termoestabilidad y la
reusabilidad, entre otras propiedades de la enzima inmovilizada. La termoestabilidad cambié en 9.7 °C, y la enzi-
ma inmovilizada fue 10 veces mds estable ante el tratamiento térmico a 50 °C que la enzima nativa. El pH éptimo
para la actividad catalitica de la pectinasa inmovilizada y la libre fue el mismo. El biocatalizador retuvo el 50 %
de su actividad catalitica original después de 9 ciclos de reuso. El bioconjugado mostré estabilidad operacional y
mejoramiento de la termoestabilidad. Estas propiedades son adecuadas para la potencial aplicacién de la enzima

inmovilizada en la industria de jugos.
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Introduction

The important properties of enzymes that make them
of great interest as industrial catalysts are specificity
and high activity. The use of enzymes in this field re-
quires their easy recovery from the reaction mixture at
the end of the procedure, the catalytic activity remain-
ing stable over long periods of time and applicability
to continuous processes. All these requirements may
be guaranteed by enzyme immobilization.

Immobilized enzymes find broad application in
industry, biotechnology, biomedicine and analytical
chemistry [1-4]. Generally, they show better thermal
and pH stabilities and are easier to separate, can be
reused and their effect appears to be more suitable for
practical applications [5]. Various techniques have
been developed for enzyme immobilization, includ-
ing adsorption to insoluble materials, entrapment in
polymeric gels, encapsulation in membranes, cross-
linking with bifunctional reagent, or covalent linking
to an insoluble carrier [6-10].

Enzymes cleaving the pectic substances are broad-
ly known as pectinolytic enzymes or pectinases [11].
They are classified on the basis of the mechanism
used to “attack” the galacturonan backbone as poly-
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saccharide hydrolases, polysaccharide lyases, and
carbohydrate esterases. These enzymes include en-
dopolygalacturonases (EC 3.2.1.15), exopolygalac-
turonases (EC 3.2.1.67), pectate lyases (EC 4.2.2.2),
pectin lyases (EC 4.2.2.10) and pectin methyl esteras-
es (EC 3.1.1.11)[12]. Polygalacturonase enzymes
belong to the group of depolymerising hydrolytic
pectinases, and they are able to hydrolyse pectin and/
or pectic acid. These enzymes have widespread ap-
plications in the food industry (processing of fruits),
wastewater treatment, textile industries, fruit soften-
ing and plant infection processes [13-16].

The stability of these enzymes depends on the
aqueous medium, and is easily disrupted to the point
where the enzymes cannot function appropriately.
Immobilization techniques provide a promising ap-
proach to retain their stability. Various methods for
immobilization of this enzyme have been described:
entrapping in alginate [17], physical adsorption
on anion resin [18], y-alumina [19], particles and
nanoparticles of silica [20, 21] and covalent attach-
ment to carriers such as porous glass [22] and nylon
[23]. However, the development of new methods and
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supports for immobilizing enzymes receives special
importance in enzyme technology.

In the present paper we describe a method for im-
mobilization of pectinase by adsorption on an alg-
inate-coated chitin support, previously synthesized in
our laboratory [24]. To our knowledge, the immobi-
lization of pectinase on this type of support has not
been reported.

Materials and methods

Materials

Sodium alginate from Laminaria hyperborea was pur-
chased from BDH (Poole, UK). Analytical data were:
molecular weight of 1.97 x 10° Da [25], uronate compo-
sition of 37.5 % mannuronate, 62.5 % guluronate [26].
Commercially available soluble pectinase (E.C.3.2.
1.15; 316 U/mg) from Aspergillus niger was purchased
from Agrovin. S.A. (Ciudad Real, Spain). Chitin from
lobster shells (degree of deacetylation of 10 % [27],
average particle size of 30 pum) was obtained by the
Mario Muifioz Pharmaceutical Laboratories (Havana,
Cuba). The 1-ethyl-3-(3-dimethylaminopropyl) carbo-
diimide (EDAC) was obtained from Merck. All other
chemicals used were of analytical grade.

Enzyme immobilization

Alginate-coated chitin support was prepared as previ-
ously described [24]. Briefly, 600 mg of the anionic
polysaccharide were dissolved in 60 mL of potassium
phosphate buffer, pH 6.0 and then 150 mg EDAC were
added. The solution was stirred for 1 h at room tem-
perature and further mixed with a suspension of chitin
(3 g) in 30 mL distilled water. The reaction was main-
tained at 25 °C for 16 h under continuous stirring. The
solid was collected by centrifugation, washed several
times with distilled water until carbohydrates were not
detected in the wastes, and finally suspended in 90 mL
of 50 mM sodium acetate buffer, pH 4.5.

Thirty milligrams of pectinase were added to the
solution containing the alginate-coated support and
the mixture was stirred during 2 h at 4 °C. After the
immobilization, the support was washed repeatedly
with 20 mM sodium acetate buffer, pH 4.5 and the
amount of adsorbed enzyme was estimated by differ-
ence after measuring the non-immobilized protein.

Assays

The enzymatic activity of native and modified pec-
tinase was determined by adding 100 puL of enzyme
solution to 400 pL of 0.5 % (w/v) polygalacturonic
acids in 20 mM sodium acetate buffer, pH 4.2. For im-
mobilized samples, 100 uL of a suspension containing
the same amount of enzyme protein was used. After
30 min at 37 °C the reaction was stopped by adding
3,5- dinitrosalicylic acid and the reducing sugars were
determined colorimetrically after boiling the solutions
during 10 min [28]. One unit of activity was defined as
the amount of enzyme required to hydrolyze 1.0 pmol
polygalacturonic acids per min under the described
conditions. Pectinase concentration was estimated by
the Bradford method [29].

Determination of kinetic parameters

To determine the Michaelis-Menten constant (Km),
the activity assay was determined in different substrate
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(polygalacturonic acids) concentrations. Polygalactur-
onic acids solutions (0.025-0.25 %, w/v) were prepared
in acetate buffer 0.02 mol/L, pH 4.2, and kept in a water
bath at 37 °C for 30 min. Subsequently, the immobilized
pectinase or free enzyme solution was added to the test
tubes and shaken for different incubation times.

Optimum pH

The hydrolytic activity of the enzyme preparations
(0.5 U/mL final concentration, corresponding to 100 %
in the graphic) on polygalacturonic acids were mea-
sured at 37 °C in 50 mM acetic acid/sodium acetate
buffer solution at pH ranging from 3 to 6.

Thermal stability profile

Pectinase forms were incubated at selected tempera-
tures from 35 to 70 °C in 20 mM sodium acetate buffer,
pH 4.5 (0.5 U/mL final concentrations, corresponding
to 100 % in the graphic). Aliquots were removed after
10 min incubation, quickly chilled, and assayed for
enzymatic activity.

Kinetics of thermal inactivation at 50 °C

The enzymes were incubated at 50 °C in 20 mM sodi-
um acetate buffer, pH 4.5 (0.5 U/mL final concentra-
tion corresponding to 100 % in the graphic). Aliquots
were removed at scheduled times, quickly chilled,
and assayed for enzymatic activity. The half-life times
were calculated from the first-order rate constants of
inactivation, k, obtained from linear regression in
logarithmic coordinates.

Reuse of immobilized pectinase

The reuse of immobilized pectinase was assessed by
carrying out the hydrolysis of 0.25 % (w/v) apple
pectin (prepared with pH 4.5 acetate buffer, 20 mM)
at 30 °C while stirring at 120 rpm; this procedure was
performed in consecutive cycles while repeatedly
reusing the enzyme. After each 30 min. cycle, the
immobilized pectinase was washed with acetate buf-
fer (pH 4.5). The activity of the immobilised enzyme
was expressed as a percentage of its residual activity
compared to the initial activity in the first cycle.

Statistical analysis

All the results showed were performed at last three
times, reporting average values for these determina-
tions. Hypothesis tests were performed to compare
average data using the Student’s t distribution with
a 95 % confidence interval (when significant differ-
ences in the average values were obtained). Mean
values and standard deviations were calculated and
represented with the aid of the Origin 7.0 program
(NCSS, USA).

Results and discussion

The effects of the following parameters on the im-
mobilization process were investigated: solution pH,
time of pectinase immobilization and protein con-
centration. Figure 1A shows the effect of solution
pH on enzyme activity during the immobilization
process. In this case, the higher catalytic activity
for the immobilized pectinase was observed at pH
4.5, this value being set for further experiments.
Figure 1B shows the time course of pectinase im-
mobilization. The immobilization degree of the en-
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Figure 1. Influence of pH (A), incubation time (B) and initial protein concentration (C) on the immobilization yield of pectinase on an alginate-coated chitin support.

zyme was high even at low incubation times, but the
maximum immobilized activity was observed after
2-h incubation. The effect of the bulk solution initial
protein concentration on the immobilized amount of
pectinase was determined by incubating the enzyme
with the support for 2 h at 4 °C, pH 4.5. As shown
in figure 1C, the immobilized activity increases pro-
gressively with the increase in pectinase concentra-
tion, reaching maximal activity at protein concen-
trations higher than 85 pg/mL. Consequently, this
value of initial pectinase concentration was selected
as optimum for further experiments. Under these
conditions, the yield of immobilized protein was
determined as 7.9 mg/g support, representing 70 %
of the initial amount of incubated enzyme. The immo-
bilized pectinase retained 60 % of the initial specific
activity of the native enzyme.

The apparent K of the immobilized enzyme was
0.98 g/L, and 0.94 g/L for the free enzyme. This
suggests that the affinity of the active site of the im-
mobilized enzyme for the substrate was the same as
that of the free enzyme, probably because of no sub-
stantial changes on the enzyme conformation during
immobilization. Similar results were obtained for im-
mobilization of pectin lyase from Aspergillus niger
in alginate beads [30] and glutaraldehyde-activated
bentonite [31].

The pH dependence of the activity of native and
immobilized pectinase was studied at 30 °C in the pH
range 2-6. As shown in figure 2, the pH optimum for
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Figure 2. Optimum pH for native pectinase and pectinase
immobilized on an alginate-coated chitin support.
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the catalytic activity of both immobilized pectinase
and the free enzyme was the same, in the range 4.5-
5.0. These results suggest that the immobilization
process did not affect the pH optimum for catalytic
activity of the enzyme significantly.

Thermal stability experiments were carried out
with free and immobilized enzyme, by incubating
their samples in the absence of substrate at several
temperatures. The thermotolerance of native and im-
mobilized pectinase was evaluated from the activity
retained after heating the enzymes at different tem-
peratures for 10 min. Under these conditions, the ther-
mostability of immobilized pectinase was improved,
as shown in figure 3. The native enzyme was inactive
at 60 °C, while the immobilized enzyme retained over
25 % of its initial activity at that temperature. A com-
plete loss of activity for modified pectinase was ob-
served by incubating it at 70 °C. The calculated value
for T, , defined as the temperature at which 50 % of
the initial activity was retained, was increased from
48.3 to 58 °C for the enzyme after immobilization on
the negatively-charged support.

The heat stability of both enzyme variants at
50 °C is shown in Figure 4. All pectinase prepa-
rations lost activity progressively according to a
monophasic inactivation kinetics. The immobilized
pectinase showed a reduced enzymatic activity over
time, retaining more than 44 % of its initial activity
after 60 min of incubation at 50 °C. However, the
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Figure 3. Thermal stability profile of native pectinase and this
enzyme immobilized on an alginate-coated chitin support.
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Figure 4. Kinetics of thermal inactivation of native pectinase
and pectinase immobilized on an alginate-coated chitin
support preparations at 50 °C.

enzymatic activity of the native pectinase decreased
and was completely lost after 40 min of incubation
at this temperature. The half-life time of pectinase in-
creased from 13.5 to 138 h after immobilization on the
solid support. This improved thermal stability of the
prepared conjugate could be explained by the main-
tenance of the active enzyme conformation, since the
support material was supposed to preserve the tertiary
structure of the enzyme. This is also in agreement with
the results shown above. Moreover, it could be pointed
out that the thermal stability of an enzyme may indi-
cate the efficiency of the immobilization method and
also reflect the delicate balance between the acquired
conformational stability and the resulting microenvi-
ronment surrounding the enzyme.

The reuse of this biocatalyst was studied, since this
factor is essential for the applications of the enzyme.
The reusability of the immobilized preparation was
assessed by carrying out the hydrolysis of 0.25 %
pectin (at 30 °C). In this case, the immobilized en-
zyme showed stable when it was repeatedly used for
pectin hydrolysis, retaining near 50 % of its initial ac-
tivity after 9 cycles of reuse (Figure 5). Therefore, the
retention of the catalytic activity of the immobilized
enzyme derived from its adsorption to the alginate-
coated support.
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Figure 5. Operational stability of pectinase immobilized on an
alginate-coated chitin support at 30 °C, in 9 cycles of reuse.

Conclusions

In the present work, we described a new bioconjugate
obtained by the non-covalent immobilization of pecti-
nase on an alginate-coated chitin support. The pec-
tinase enzyme preparation is commercially available
and is fairly inexpensive. The biocatalyst prepared by
loading pectinase on sodium alginate-coated chitin
showed increased thermostability compared to the na-
tive enzyme. The optimum pH range for catalytic ac-
tivity was the same for both variants, the free and im-
mobilized pectinase. This biocatalyst showed a good
operational stability. The results presented here sug-
gest that enzyme adsorption on alginate-coated chitin
support may be useful to improve the functional and
operational properties of other enzymes.
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