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Immobilization of amylase using chitosan beads as support

Imobilizacdo de amilase utilizando esferas de quitosana como suporte
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Amylases are hydrolases that are prominent, compared to other enzymes, accounting for 65% of the world’s
market. They can be applied to any processes that require partial or complete hydrolysis of starch, such as:
glucose production, the paper industry, brewing industry, food industry, among others. The use of enzymes
in the industry brings great advantages, such as: a lower energy consumption; selectivity for the substrate;
high activity and, in most cases, low production cost. However, it is still a costly catalytic route option, and
it is necessary to use immobilization processes so that no further costs are generated in its recovery after the
reaction. This work aimed to produce chitosan beads for use in the immobilization of amylase from a non-
purified source. The enzymatic broth volume evaluated was 7 and 10 mL, with the highest rate of
immobilization (36.04%) and recovered activity (12.36%) achieved using 7 mL of enzymatic broth. In the
evaluation of the number of spheres used for immobilization, 6, 10 and 14 units were evaluated. It was found
that the smallest number of spheres was sufficient to immobilize 54.71% of the enzymes. However, the
recovery activity was the lowest (6.77%). Immobilization by covalent bonding presented better
immobilization result compared to other immobilizations (54.71%), despite the lower result for recovery of
activity (6.77%).
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Amilases séo hidrolases consideradas proeminentes frente a outras enzimas, representando 65% do mercado
mundial. Elas possuem aplicaces em todos os processos que necessitam da hidrolise parcial ou completa do
amido, tais como a producdo de glicose, nas industrias de papel, na indlstria cervejeira, na industria
alimenticia, entre outros. O uso de enzimas na indUstria traz grandes vantagens, tais como: um menor gasto
energético; seletividade acentuada para o substrato; alta atividade e, na maioria dos casos, custo baixo para
producgdo. No entanto, ainda é uma opc¢éo de rota catalitica dispendiosa, sendo necessario utilizar processos
de imobilizacdo dessa enzima, para que ndo sejam gerados custos adicionais na sua recuperacdo apos a
reacdo. Este trabalho teve o objetivo de imobilizar a amilase presente em caldo ndo purificado, por meio de
esferas de quitosana. O volume de caldo bruto foi avaliado em 7 e 10 mL, sendo a maior taxa de imobilizacdo
(36,04 %), e de atividade recuperada (12,36 %) alcancadas na utilizagdo de 7 mL de caldo enziméatico. Na
avaliacdo do nimero de esferas utilizadas para imobilizacdo, foram avaliadas 6, 10 e 14 unidades. Verificou-
se que o menor numero de esferas era suficiente para imobilizar 54,71% das enzimas. No entanto, a atividade
de recuperacéo foi a mais baixa (6,77%). A imobilizacéo por ligacdo covalente apresentou melhor resultado
de imobilizacdo frente as outras imobiliza¢fes (54,71 %), apesar do menor resultado para a recuperacdo de
atividade (6,77 %).
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1. INTRODUCTION

Enzymes are proteins with catalytic characteristics, thus, they are natural compounds, which
have capacity of intensify the speed of chemical reactions, therefore increasing the efficiency of
metabolism in living organisms [1]. They can be classified into six classes that are:
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Oxidoreductases; Transferases; Hydrolases; Lyases; Isomerases and Ligases - depending on the
kind of reaction to be catalysed [2]. Enzymes can be obtained from animal, vegetable and microbial
sources, where the microbial route is the most used for biotechnological application due its lower
production costs, the easibly of purification (extracellular), the high specificity, the independence
of seasonality and the possibility of production in Large scale [3, 4].

Among the various enzymes used in industrial processes, amylolytic enzymes, called amylases,
are important hydrolases that accounts for 65% of the world market [5, 6]. They have applications
in processes that require partial or complete hydrolysis of starch [7], such as in paper industries to
protect it from mechanical damage and improvement of final finishing; In the brewing industry to
produce light beers; in the food industry to eliminate turbidity produced by starches, among other
applications in the most diverse branches [8,9].

Due to the wide range of its benefits, when compared to conventional chemical catalysts, the use
of enzymes in industrial processes has increased considerably [10]. Benefits such as: reaction in
mild temperatures, using less energy in the process; selectivity to the substrate, which directly
interferes with greater efficiency in the use of the raw material; high activity and, in most cases,
low cost for production, making biocatalysis the most advantageous option [2, 11].

Aires-Barros (2002) [11] warns about the difficulty in recovering the enzyme from the reaction
medium, especially when using water as solvent, because the catalysis becomes homogeneous,
which prevents catalyst removal and its subsequent reuse. However, the same author suggests as a
solution to this problem, the enzyme immaobilization in supports of low solubility that transforms
homogeneous catalysis into heterogeneous, thus allowing enzyme recovery from the reaction
medium and enabling its reuse, as well as increasing stabilization and, consequently, reducing the
costs of the process.

Dalla-Vecchia et al. (2004) [12] also highlight the need to protect the enzymes from the
interactions with the solvents, under the risk of being inactivated, mentioning the immobilization
techniques as a solution for such a problem.

Immobilization is a process in which the enzyme is confined or bonded to a region of an insoluble
support that retains catalytic activity. Such technique improves the properties of the biocatalyst by
increasing the stability and rigidity of the structure, causing hyperhydrophilic microenvironments,
which may protect the biocatalyst, and consequently reduce the inhibitions caused by irreversible /
reversible inhibitors. However, one of the essential factors that must be considered when using a
specific immobilization system is the type of interaction between the support and the biocatalyst,
which can directly influence its stability and on the kinetic effects of catalysis [13].

Among available immobilization methods, covalent bonding is one of the most studied methods
because the stability effects provided by the enzyme-support complex. The high stability is mostly
due to multicovalent bonds, which produce rigid structures and thus less susceptible to
conformational changes [14]. Such a method is based on binding between amino acid patches
present on enzyme surface and support’s reactive groups [15].

However, this type of bonding requires more complex procedures than the others. As is the case
of the activation of the binder group, a process of great importance because it allows establishing a
kind of organic bridge between the support and the protein, allowing the formation of the enzyme-
support complex. Activation of the support is intended to reduce the risk of reducing the catalytic
activity of the enzyme. Such importance is given by the difficulty of finding carriers that already
contain these reactive groups and promote the direct coupling with the enzyme without interfering
in its catalytic center. The most commonly used activation reactions are amide bond formation,
diazotization and alkylation. Being the glutaraldéido, the activating agent more used, mainly in
organic supports, like the chitosan and the chitin [16, 17]

Among the different organic substrates used in the immobilization of enzymes, chitosan stands
out. Chitosan (B (1-4) -2-amino-2-deoxy-D-glucose) was evaluated by Oliveira and Vieira (2006)
[18] as an appropriate support for enzymes due to the large presence of amino and hydroxyl groups
available in their structure.

This work aims to study immobilization of amylase present in amylase-enriched broth, obtained
through submerged fermentation, in chitosan beads. The influence of the parameters - volume of
crude enzyme broth, number of beads, use of the activation agent and type of immobilization
adopted — also evaluated in the immobilization yield.
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2. MATERIAL AND METHODS
2.1.  Enzymatic Broth

The enzymatic broth was obtain by submerged fermentation using as substrate manipueira
(wastewater produced during cassava flour production). The microorganism used was a bacteria
(rod-shaped, Gram positive) called TP02, isolated from the manipueira and belonging to the strain
bank of the Laboratory of Environmental Biotechnology (LABAM-UFS), which is in the
taxonomic identification phase [19].

The fermentation was performed at 200 rpm, temperature 30°C and pH 7. After 144 hours of
fermentation, the medium was centrifuged at for 30 minutes and the supernatant used as enzymatic
broth.

2.2. Chitosan Beads

To produce support beads, 1 g of chitosan was weighed and diluted in 30 mL of a 5 % (v/v)
acetic acid solution. The obtained solution were dripped and with constant stirring, to a basic
solution of 1 M NaOH. A peristaltic pump equipped with a 5 mm diameter nozzle was used to
control beads size. The beads obtained were kept in a 1 M NaOH solution for a period of 24 hours.
After this time, they were washed and stored, under refrigeration, in a beaker with distilled water
[17].

2.3. Beads Activation

Chitosan beads were active by mixing 1 g of beads in a beaker to 3 % (v/v) glutaraldehyde
solution in an orbital shaker at room temperature and 120 rpm for 24 hours. After activation, beads
were washed with distilled water, filtered using a vacuum pump and stored in a refrigerator until
its use [17].

2.4.  Amylase Immobilization

Activated beads were filtered and washed with a pH 5.5, 0.1M sodium acetate buffer. Then, ten
activated beads were transferred to a beaker containing 10 mL of enzyme broth. The beaker was
placed in orbital shaker (Certomart® BS-1) at room temperature and 120 rpm for 24 hours. Beads
with immobilised amylase were kept in a 0.1 M sodium acetate and pH 5.5 under refrigeration, in
order to preserve the enzymes activity.

Amylase immobilization efficiency is quantified as immaobilization yield, which calculates how
much of the activity was transferred from the enzymatic broth to the chitosan support (see Equation
1). The immobilization analysis is also quantified in relation to the recovered activity, which
consists of the ratio between the activity of a sphere and the activity extracted from the crude broth,
as shown in Equation 2.

Immobilisation Yield (%) = Abmth_AAbsup;matant * 100 (1)
rot
Recovered Activity (%) = Abeads * 100 )

Abproth— Asupernatant

2.5.  Enzymatic Activity Assay

The amylase activity was calculated by analysing the reducing sugar released through hydrolysis
of the starch using the 3,5-Dinitrosalicylic acid (DNS) method, as described by Miller (1959 ) [20].

The activity in liquid sample were analysed by mixing 0.5 mL of a 50-fold diluted (using a 0.1
mol/L sodium acetate buffer and pH 5.5) enzymatic sample to 0.5 mL of 0.5 % (m/v) soluble starch
solution, also prepared using the buffer above mentioned, in a test tube. The tube was incubated for
10 minutes at 50 °C. After incubation, 1 mL of DNS reagent was added. The mixture was heated
in a boiling bath for 5 minutes, cooled, diluted in 10 mL of distilled water and homogenized. After
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homogenisation, the absorbance was read in a spectrophotometer at 540 nm against a blank
prepared as described above, but replacing the volume of the reaction mixture (1 mL) with acetate
buffer.

The method to analyse amylase activity for the biocatalyst (beads with immobilised amylase)
differs from the above mentioned only due the 0.5 mL of enzymatic sample replacement by one
biocatalyst bead. The bead was not withdrawn from the tube at any stage.

One unit of enzyme activity (U - mL~1) was defined as the amount of enzyme required to release
1 umol of reducing sugar per minute, which can be expressed by Equation 3:

Activity (i) = AIJS;%FD 3

Where:
Abs is the absorbance measured in the spectrophotometer; m is the slope for the DNS’ method

calibration curve (13,348 AEr::lL); Fp is the dilution factor; t (10 min) is the incubation time; and

V (mL) is the volume of sample containing the enzyme.

3. RESULTS AND DISCUSSION
3.1. Influence of crude broth volume in the immobilization

To study the influence of crude broth volume in the immobilization of amylase, different
volumes of enzymatic broth were added to ten chitosan beads and the immobilization processes
followed as described previously. Table 1 shows the enzymatic activity, immobilization yield and
recovered activity obtained for the crude broth, biocatalyst and supernatant for each assay with
different crude broth volumes.

Table 1: Influence of crude broth on immobilization yield and recovered activity

Sample Enzymatic Activity  Immobilization Recovered
(U/mL) (%) Activity (%)
Enzymatic 52,40 - 3
Broth

Biocatalyst® 234

Supernatant® 33,41 36,04 12,36
Biocatalyst® 1,49

Supernatant® 38.35 26,58 10,72

a: 7 mL volume of crude broth was used on immobilization.
b: 10 mL volume of crude broth was used on immobilization.

The best immobilization results and recovered activity were obtained by the assay using the
lowest volume of crude broth (36.04 % and 12.36 %, respectively). These results contradict the
experiments of Tripathi (2007) [21] and Kumari (2011) [22], where an increase in the volume of
enzymatic broth resulted in an increase of specific immobilization. Differences can possibly be a
result of the enzyme source used, since this study chose to use a non-purified fermented broth and
it might contain several interfering substances. These interferents can act by binding to the chitosan
support and thus preventing binding between the support and the enzyme even in the presence of
an activator. Therefore, a larger volume of enzyme broth, which proportionally contain a greater
amount of interferents, would cause both the deactivation of the enzymes and the occupation of
sites originally intended for enzymes.

3.2. Influence of the number of chitosan beads in the immobilization

By fixing the volume of crude broth to 7 mL, it was possible to vary the amount of chitosan
beads in 6, 10 and 14 units to evaluate their effect on immobilization. Table 2 shows the results.
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Table 2: Influence of number of chitosan beads on immobilization yield and on recovered activity

Sample Enzymatic Immobilization (%0) Recovered Activity

| : Activity (U / mL) (%0)
S?Jfgg?rtzltfr:tba 7373 it o
O

a: 6 beads were used in immobilization.
b: 10 beads were used in immobilization.
c: 14 beads were used in immobilization.

According to Table 2, the highest immobilization yield occurred in the assay with the lowest
number of chitosan beads (54.71 %), again counteracting the expected result. This means that, even
though it is a covalent binding immaobilization process, initial diffusion effects may have restricted
the mobility of the enzyme present in the broth due to the excessive amount of support causing it
to lose accessibility to the substrate (this explains the low recovered activity) and the support (low
immobilization yield).

3.3. Influence of the active agent in the immobilization

Using the best conditions established in the previous experiments - 7 mL crude broth volume
and 6 chitosan beads - the activating agent was varied at immobilization, the first assay being an
immobilization by covalent attachment using glutaraldehyde; the second test is a simple physical
adsorption; and the third a combination of adsorption followed by activation. Table 3 shows the
results obtained.

Table 3: Influence of the activating agent in the immobilization yield and on the recovered activity

Sample Enzymatic Activity  Immobilization Recovered
(U/mL) (%) Activity (%)
Biocatalyst 2 1,94
Supernatant 2 23.73 54,71 6,77
Biocatalyst 1,02
Supernatant 42,03 19,78 9,80
Biocatalyst © 1,76
Supernatant ¢ 36,13 31,04 10,85

a: Immobilization with the use of glutaraldehyde.
b: Immobilization without the use of glutaraldehyde.
¢: Two immobilizations: with and without glutaraldehyde.

The immobilization that did not use the activating agent was the one with the lowest
immobilization yield 19.78 %. According to Bon et al (2008) [16], this low yield was expected,
since in this case the enzyme was attached to the support through ionic bonds, which have low
binding strength characteristics. In addition, it is known that chitosan presents low porosity, which
hinders the immaobilization process by adsorption.

Pereira et al. (2001) [23] presented similar results for the adsorption immobilization of the lipase
enzyme in chitosan, with immobilization yield of 17 %. Therefore, in spite of the simplicity and
small cost of immaobilization through ionic bonds / physical adsorption, it has a low capacity to
make connections between the enzyme and the support, requiring a high concentration of enzymes
in order for the yield to be satisfactory. In addition, detachment of the enzyme from the support
may occur, thus generating a loss of activity of the biocatalyst.

With the intention of filling the empty sites of the biocatalyst, the combination of the two types
of immobilization was tested: by weak and covalent bonds, in the same experiment. But unlike
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expected, this process did not show an increase in yield when compared to the experiment that only
used strong bonds. Its value is superior only to the process that used ionic / adsorption bonds.

This result can be explained by the way the experiment was performed. At the first
immobilization, that is, when the enzymes were bound to the support by weak bonds, not all sites
were occupied by enzymes. A portion of them were occupied by inhibitors, as the substrate resulting
from the fermentation process. Thus, when the activation of the already immobilized sphere was
carried out, the glutaraldehyde field of action was restricted to the free sites, resulting in a reduced
immobilization capacity by covalent bonding, resulting in a lower immobilization efficiency.

4. CONCLUSION

The immobilization of amylase showed good results, with the highest rate of immobilization
(54.71%) obtained when using six chitosan beads, 7 mL of crude broth and glutaraldehyde as the
activating agent. The adjustment of parameters, crude broth volume and number of beads provided
greater success in the formation of covalent bonds between the enzyme and the biocatalyst, using
a smaller amount of biocatalyst, which made the use of chitosan as support in the immobilization
by covalent attachment an advantageous method. The results confirm that the uniformity in porosity
of chitosan microspheres is very important.

However, such conditions resulted in a lower activity rate recovered (6,77%). This suggests
that the immobilization is based on the partial entrapment of protein molecules into pores of
chitosan generated in the course of covalent binding
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