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Cellulase has been potentially applied in ethanol production, extraction of medicinal ingredients, food, brewing,
oil exploration, environmental protection, and other industries. However, the widespread use of cellulase is
limited by its relatively high production costs and low biological activity. In this study, multiwalled carbon
nanotubes and sodium alginate were used as carriers to co-immobilize enzyme for the first time. The objective of
this study was to provide a method for immobilizing enzyme that allowed the enzyme to be reused in multiple
cycles, reducing production costs, and overcoming technical bottlenecks. The conditions for co-immobilization of
enzyme with multiwalled carbon nanotubes and sodium alginate were studied. An orthogonal experimental
design was applied to optimize critical conditions for the immobilization process. The results showed that the
optimum process conditions for immobilized enzyme were as follows: enzyme concentration of 3 mg/mL,
temperature of 40°C, and pH of 3.0. The research provides a new method for immobilizing cellulase and a basis
for industrial manufacturing processes.
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Introduction

linked immobilization is typically conducted by
physical adsorption, which can retain
characteristics of the enzyme and carrier by π-π
hydrophobic and electrostatic bonds [3]. These
types of interactions normally help retain the
characteristics of the enzyme and carrier.
However, due to the weak forces of noncovalent crosslinking, the immobilized enzyme
gradually unbinds from the carriers after
repeated use [4]. In contrast to covalent
crosslinking, the carriers can be reused, which
can further reduce the cost of immobilized
enzyme systems. Most of the reported
immobilized enzymes show higher thermal
stability and a wider pH range than that of free
enzymes [5].

The immobilized enzyme technology has been
utilized in binding or limiting an enzyme to a
particular surface, yet still allowing it to catalyze
a reaction and reuse [1]. In most cases, the
storage stability and reusability of an
immobilized enzyme is higher than that of a free
enzyme, which can solve the problems of low
biological activity and high production costs.
Researchers typically immobilize enzymes via
covalent and non-covalent crosslinking. Covalent
crosslinking can maintain the activity of the
enzyme, and moreover, this kind of bond is
durable, yet the structure of the enzyme can be
vulnerable to damage [2]. Non-covalently cross-
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Current carrier materials used for immobilizing
enzyme include nanomaterials [6], natural
polymers [7], mesoporous materials [8], and
magnetic materials [9], in which nanomaterials
and natural polymers have both attracted much
attention in the scientific community as they are
easy to prepare and the lower costs.

immobilized cellulase were studied. The
objective of this investigation was to provide a
simple, reusable, and inexpensive method to
immobilize enzyme. The conditions of
immobilization were optimized in terms of
enzyme concentration, immobilization time,
temperature, and pH to obtain the optimal
immobilization effect.

Nanoscale materials used for immobilized
enzyme include carbon nanotubes (CNTs) [10],
nanoporous gold [11], copper [12], and
graphene oxide [13]. Natural polymers are easy
to obtain and show good biocompatibility. They
can be used to improve the stability and
efficiency of enzyme as well as the carrier
materials including alginate, chitosan, chitin, and
starch [14, 15] for immobilized enzyme.

Materials and Methods
Co-immobilized enzyme by MWCNTs and
sodium alginate
75 mg of Trichoderma cellulase (10 U/mg)
(Shanghai Ryon Biological Technology, Shanghai,
China) was added to 25 mL citrate-Na2 HPO4
buffer (50 mmol/L, pH 5.0) followed by 20 mg of
MWCNTs with an outer diameter of 15-30 nm
and a length of 1.5 μm (Shenzhen Nanotech Port,
Shenzhen, China). The solution was shaken in a
40°C water bath at 200 rpm for 3 h [23]. 100 mL
of 3.5% sodium alginate (Sinopharm Chemical
Reagent, Beijing, China) was added with
continuous mixing. The mixture was drawn with
a 5-mL syringe to 50 mL, and 2% CaCl 2 (stock
solution concentration) was injected to form
smooth globules immediately. Subsequently, the
globules were filtered by a stainless-steel filter
spoon, and the CaCl 2 solution was replaced with
static hardening in a 4°C refrigerator for 2 h. The
globules were filtered out again, and the water
surface was blotted with a filter paper. The
globules were placed on the filter paper, and the
filter paper were replaced 3-4 times until the
water was blotted from the surface of the
globules [24].

CNTs have shown excellent chemical stability,
biocompatibility, and dispersibility [16, 17], as
well as larger specific surface area [18], higher
concentrations of enzyme loading [19], easier
preparation, and low cost [16]. Therefore, the
most promising prospect for immobilized
enzyme has been showed. There are two types
of CNTs used for immobilized enzyme,
multiwalled carbon nanotubes (MWCNTs) and
singlewalled carbon nanotubes (SWCNTs) [20].
MWCNTs are formed by several graphite sheets
curled around a central axis. Comparing to
SWCNTs, MWCNTs can load more enzyme and
have better physical and chemical stability,
lower price, easier to obtain, and lower toxicity,
which are more widely used than SWCNTs
formed with only one sheet of graphite flake
curled around a central axis. Due to specific gel
properties, sodium alginate can be added to
calcium chloride solution to form microspheres,
thereby improving mechanical strength and
flexibility, which is also widely used to
immobilize enzyme [21, 22]. However, MWCNTs
or sodium alginate used as carriers to immobilize
enzyme directly has high leakage rates of
enzyme. Although the leakage rates can be
reduced through the introduction of functional
groups, the processes are complex and tend to
increase the cost of biocatalysis [10]. In this
research, MWCNTs and sodium alginate co-

Determination of enzyme activity
Carboxymethyl cellulose (CMC) (Sinopharm
Chemical Reagent, Beijing, China) was used as a
substrate. The 3,5-dinitrosalicylic acid (DNS)
method [25] was employed to determine the
enzyme activity. First, 1.0 mL of citrate-Na2 HPO4
buffer (50 mmol/L, pH 4.8) and 0.5 mL of 1%
CMC were added into a 25 mL graduated test
tube. Then, 0.5 mL (U/mL) of enzyme solution
was added and the tube was put in a 50°C water
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bath for 30 min. 3 mL of DNS was added
afterward and the tube was put in boiling water
bath for 5 min. Subsequent to cooling, distilled
water was added to maintain a constant volume
of 25 mL. The absorbance of the 3-amino-5nitrosalicylic acid was detected via a colorimetric
method at 540 nm (0.5 ml distilled water was
used to replace the enzyme solution as the blank
control). The reducing sugar produced by the
hydrolysis of cellulose can reduce DNS to 3amino-5-nitrosalicylic acid, thus the product was
red under alkaline conditions and has a
maximum absorbance at 540 nm. The optical
density was proportional to the reducing sugar
content within the linear dynamic range. The
reducing sugar content was calculated via a
standard glucose curve equation, the enzyme
activity calculated by the following formula. The
co-immobilized enzyme activity was determined
by replacing 0.5 mL of enzyme solution with 0.5
mL distilled water and immobilized enzyme, the
other steps were consistent with the
determination of free enzyme activity.

Effect of enzyme concentration on coimmobilized
enzyme
activity
and
immobilization yield
At 30℃ and pH 5.0, the co-immobilized enzyme
activity and immobilization yield were measured
by altering enzyme concentrations (mg/mL) of 1,
2, 3, 4, 5, and 6.
Effect of pH on co-immobilized enzyme activity
The activity of co-immobilized enzyme was
measured at 50 mmol/L with citrate-Na2 HPO4
buffer with different pH values as 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, and 9.0 in a 50°C water bath.
Effect of temperature on co-immobilized
enzyme activity
The co-immobilized enzyme activity was
measured by altering water bath temperatures
at 30°C, 40°C, 50°C, 60°C, and 70°C, respectively.

Results and discussion
Effect of enzyme concentration on coimmobilized
enzyme
activity
and
immobilization yield
Figure 1 showed that the activity of coimmobilized enzyme gradually increased with
the increasing enzyme concentration. The
increased activity of the co-immobilized enzyme
is due to the large number of pores on the
surface of the MWCNTs, which can absorb
cellulase. The sodium alginate can perform the
similar function. Meanwhile, Figure 1 also
showed that the immobilization yield of enzyme
gradually decreased with the increasing enzyme
concentration, which indicated that the enzyme
loss rate increased. These results determined
that an enzyme concentration of 3 mg/mL was
optimal for further studies.

reducing suger content (mg)  N
Free enzyme activity (U / mL) =
0.18  t  V

Immobilized enzyme activity (U / mg) =

reducing suger content (mg)
0.18  t  g

Where t is the reaction time of enzyme and
substrate; V is the volume of added enzyme
solution during the determination of enzyme
activity; N is the dilution ratio; g is the amount of
added immobilized enzyme; and the factor 0.18
represents that 1 μmol glucose is equivalent to
0.18 mg glucose.
Determination of enzyme immobilization rate
The total activity of the free enzyme added
during the immobilization process (M0) and the
activity of enzyme in the supernatant after
immobilization (M1) were detected. The
immobilization rate was calculated as:

Effect of pH on co-immobilized enzyme activity
pH also has a significant effect on enzyme
activity as it can affect the dissociation and
charge of proteins. At 30°C and an enzyme
concentration of 3 mg/mL, the effect of pH was
studied on the co-immobilized enzyme activity.
Figure 2 showed that enzyme loading was the

M 0 − M1
100%
M0
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Figure1. Effect of enzyme concentration on co-immobilized enzyme activity and immobilization yield.

Figure 2. Effect of pH on co-immobilized enzyme activity.

highest at an optimal pH of 3 with an enzyme
activity of 0.386 U/mg. When the pH is greater
than 7.0, the ionic groups on the surface of the
enzyme have strong electrostatic repulsions,
which leads to changes in the enzyme activity
center and will reduce the overall enzyme
activity. The results were similar to previous
studies [26, 27].

Effect of temperature on co-immobilized
enzyme activity
The temperature has a great influence on
enzyme activity because enzyme activity is
inhibited at low temperature and the enzyme is
denatured at high temperature. Figure 3 showed
that the co-immobilized enzyme activity was
high at the temperature of 40°C, and gradually

166

Journal of Biotech Research [ISSN: 1944-3285]

2019; 10: 163-169

Figure 3. Effect of temperature on co-immobilized enzyme activity.

Table 1. Orthogonal experimental factors table.

Serial number
1
2
3
4
5
6
7
8
9
Mean value 1
Mean value 2
Mean value 3
range

Temperature
(℃)
30
30
30
40
40
40
50
50
50
0.381
0.536
0.308
0.228

pH
2
3
4
2
3
4
2
3
4
0.506
0.359
0.360
0.147

enzyme concentration
(mg/mL)
2
3
4
4
3
2
4
2
3
0.342
0.512
0.370
0.170

declined as the temperature was increased. At a
high temperature, the enzyme structure
changed, and the enzyme active center was
affected, and thereby reduced enzyme activity.
Therefore, the optimum temperature of
immobilized enzyme is 40°C.

co-immobilized enzyme activity
(U/mg)
0.365
0.391
0.387
0.383
0.401
0.377
0.323
0.284
0.316

The activity of co-immobilized enzyme was
studied in the context of enzyme concentration,
temperature, and pH. The experiment was
designed based on the orthogonal table of L9
(34 ). Table 1 shows that co-immobilized enzyme
activity is the highest, 0.401 U/mg, at condition
5. Therefore, the optimal process conditions for
co-immobilized
enzyme
are
enzyme
concentration of 3 mg/mL, temperature of 40°C,
and pH of 3. According to the orthogonal factor

Optimization of preparation conditions for coimmobilized enzyme
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test, the orders of factors were temperature >
enzyme concentration > pH.

5.

Conclusion

7.

6.

With MWCNTs and sodium alginate as carriers,
the optimal process conditions for coimmobilization of enzyme by physical adsorption
are enzyme concentration of 3 mg/mL,
temperature of 40°C, and pH of 3.0. The optimal
process conditions showed that co-immobilized
enzyme activity was 0.401 U/mg. The carrier
materials, MWCNTs and sodium alginate, have
changed the immobilization method of the
enzyme, which reduces the number of steps in
the process and can subsequently reduce
production cost. Co-immobilized enzyme by
multi-walled carbon nanotubes and sodium
alginate was studied for the first time. The
results of this study provide a new method for
immobilizing enzyme and a basis for industrial
manufacturing processes.
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