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Abstract 

This paper describes the stability increase of α-amylase obtained from Bacillus subtilis ITBCCB 148 by 
immobilization process using carboxymethyl cellulose (CM-Cellulose) as the immobile matrix. To achieve this 
aim the enzyme was purified by the following steps: fractionation with ammonium sulphate, dialysis, ion 
exchange column chromatography with CM-cellulose and molecule filtration column chromatography with 
Sephadex G-100. The purified enzyme was then immobilized with CM-Cellulose. The result showed that the 
immobilization with CM-cellulose on α-amylase obtained from B. subtilis has successfully increased the thermal 
stability of the native enzyme. The thermal stabilities of the modified enzyme were increased 3.67 times 
compared to the native enzyme. The decrease of ki value, the increase of half-life and ΔGi values showed that 
the modified enzymes were more stable than the native enzyme. 
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1. Introduction 

Enzymes have widely been used commercially due to their uses as biocatalyst which can work specifically and 
efficiently. However, there are some weaknesses of enzyme uses in industry such as the instability of the 
enzymes, the availability and the limited use of the enzyme which cause their use in industrial sector is limited 
(Chibata, 1978). In order to solve and diminish these weaknesses, the immobilization process was then 
developed. There are some advantaged after the enzymes were immobilized, they can easily be treated, the 
activity is easily controlled and can be used repeatedly. 

According to Chibata (1978), the immobilization methods were classified into 3 categories: i.e. (i) trapping 
method; (ii) binding method (adsorption) on the support matrix and (iii) cross-link method. The immobilization 
of the enzyme with adsorption method can be achieved by a variety of matrices. The chemical bonds formed are 
hydrogen bond, hydrophob bond and a weak bond, Van der Waals bond, which has less effect to the change of 
the enzyme conformation physically, so it may be ignored. There are some advantages of using the adsorption 
method as the immobilized enzyme formed will be more in number than using other immobilization method, 
since the enzyme is present directly in the surface of the support matrix so the possibility to come across between 
the enzyme and the substrate will be greater and the complex formed by enzyme and substrate will also be more. 
The binding in the adsorption method is normally occurred by ionic and covalent bond. The uses of support 
matrix containing either anionic or cationic exchange residues as immobile matrix has some advantages as the 
bond formed is relatively stable (Yandri, et al., 2010b).  

Some previous researches performed with immobilization and chemical modification have shown that the 
enzymes obtained have significantly increased their stability against pH and temperature compared to the native 
enzyme (Yandri, et al., 2008, 2010a, 2010b; Germain dan Crichton, 1988; Cordt, et al., 1992; Steadman, et al., 
1991; Skerker dan Clark, 1987; Rani, et al., 2007; Reshmi, et al., 2007). 

Based on the research previously reported, the immobilization process with CM-cellulose was chosen in this 
research to increase the stability of -amylase which was produced, isolated and purified from local bacteria 
isolate B. subtilis ITBCCB148. 
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2. Experiment 

2.1 Materials 

All chemicals used were of high grade (pro analysis) materials. Local bacteria isolate B.subtilis ITBCCB148 was 
obtained from Microbiology and Fermentation Technology Laboratory, Chemical Engineering Department, 
Bandung Institute of Technology, Bandung, Indonesia. 

2.2 Research Procedure 

The following research phases were done: the production, isolation, purification and characterization of the 
native enzyme were based on our previous report (Yandri, et al., 2010a). 

2.3 Activity Test of α-amylase and Determination of Protein Content 

Activity of α-amylase was determined based on the Iodin method (Fuwa, 1954) and using dinitrosalicylic acid 
reagent (Mandels, et al., 1976). The protein content was determined based on the method by Lowry et al. (1951).  

2.4 Immobilization of Purified Enzyme with CM-Cellulose (Bolag, et al., 1996) 

To determine the pH binding, a certain amount of ready stock CM-cellulose was transferred then stabilized at 
various pH is using buffer of tris HCl 0.1 M with pH variation of 5, 5.5, 6, 6.5, 7.0, 7.5 and 8.0. 0.5 mL enzyme 
was then added to each of the solution prepared and eluted with the suitable buffer for each pH and mixed for 
5-10 minutes. The mixture was then left aside to precipitate out the DEAE-Cellulose and then decanted. The 
activity test was taken on the supernatant, and the protein content was also determined. To know at what pH the 
purified enzyme was bound, it was eluted at eluting the bound enzyme by varying pH’s and based on the ionic 
strength. 

2.5 Characterization of Enzyme before and after Immobilization 

The characterization of enzyme before and after modification included: determination of optimum pH, kinetic 
data, and determination of thermal stability. 

2.5.1 Determination of Optimum Temperature of Enzyme before and after Immobilization  

The determination of optimum temperature of enzyme before and after immobilization was done by varying the 
temperature at 55, 60, 65, 70, 75 and 80 °C. 

2.5.2 Determination of KM dan Vmax Values of Enzyme before and after Immobilization 

The Michaelis-Menten (KM) constant and maximum reaction rate (Vmax) values of enzyme before and after 
modification were determined by varying the substrate concentration of amylum solution at 0.1, 0.2, 0.4, 0.6, 0.8, 
1.0 and 1.25%. 

2.5.3 The Stability Test of Enzyme before and after Immobilization 

The stability of enzyme before and after modification was done based on the known procedure14 which entailed 
measuring the residual activity of the enzyme after being incubated for 0, 10, 20, 30, 40, 50, and 60 minutes at 
optimum temperature, where the initial activity of enzyme without heating was given a value of 100%. 

2.5.4 Determination of Half-life (t½), ki and ∆Gi 

Determination of ki value (thermal inactivation rate constant) of the native enzyme and the modified enzyme 
was done using the first order of inactivation kinetics equation (Eq. 1) (Kazan, et al., 1997): 

                                      ln( Ei / E0 ) = -ki t                                    (1) 

Where Ei and E0 are the activity of the inactivated and initial forms of the enzyme, respectively: ki is the 
inactivation rate constant of the enzyme and t is the time. 

The denaturation energy change (Gi) of the native and modified enzymes was done using Eq. 2 (Kazan, et al., 
1997): 

 Gi = -RT ln (kih/kBT)                              (2) 

Where ki is the inactivation rate constant of enzyme, kB is the Boltzmann constant, h is Planck’s constant and T 
is the absolute temperature and R is the universal gas constant. 

3. Results and Discussion 

3.1 Determination of Optimum Temperature of the Native and Immobilized Enzyme 

The optimum temperature of the native enzyme as shown in Figure 1 was 60 °C, after being immobilized the 
optimum temperature was increased to 65 °C. The shift of the optimum temperature is due to the steric hindrance 
caused by matrix support to enzyme molecule, so the enzyme is protected from the effect of heat denaturation. 
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The immobilized enzyme requires higher temperature than that of native enzyme in changing the substrate to the 
products, as also reported previously by some researchers (Kazan, et al., 1997; Francis, et al., 1992; Germain and 
Crichton, 1988) that chemical modification and immobilization process were able to increase the optimum 
temperature of the native enzyme after being treated. 

The stability of immobilized enzyme at higher temperature was also found better than that of the native enzyme, 
this condition perhaps the immobilization process cause the rigidity of the immobilized enzyme was also 
increased, as a result it was resistant against higher temperature. 

3.2 Determination of Enzyme Kinetic Data of the Native and Immobilized Enzymes 

The Lineweaver-Burk equations are shown in Figures 2 and 3, and based on these graphs the values of Vmax and 
KM of the native enzyme were 71.428 µmol/mL/min and 2.85 mg/mL substrate, repectively, while for the 
immobilized enzyme has Vmax and KM value of 62.5 µmol/mL/min and 3.125 mg/mL substrate, respectively. The 
decrease of Vmax of the immobilized enzyme was due to the steric hindrance of the insoluble immobile matrix, as 
a result the interaction of substrate and enzyme was hindered. The increase of KM of the immobilized enzyme 
indicated that the enzyme affinity towards substrate was less compared to the native enzyme. 

3.3 The Enzymatic Conversion of Starch to Glucose Using the Immobilized Enzyme with Repeated Use  

The enzymatic conversion of amylum to glucose using immobilized enzyme in repeated use can be seen in 
Figure 4. The immobilized enzyme was able to be used in 6 repetitions. In the sixth repeat, the immobile enzyme 
has residual activity (%) of 22%. It was active up to the fifth repeat with residual activity (%) of 39.4%. The 
decrease of activity in repeated used was due to the physical lost as it was as washed after being used. 

3.4 The Enzyme Thermal Stability of before and after Immobilization 

The residual activities (%) of native and immobile enzymes were determined by incubating each enzyme at 60 
C for 60 min. At a certain interval time, the activity of each enzyme was determined. The graph of stability of 
both enzymes is shown in Figure 5. This figure showed residual activity of each enzyme at 60 C, pH 5.5 for 60 
min. The residual activity (%) of native enzyme was 0.9%, while the immobile enzyme was 26%. This is 
because the immobilized enzyme was protected from the outside effect which causes the protein denaturation, so 
the immobile enzyme was more stable than the native enzyme. 

3.5 The Constant of Thermal Inactivation (ki), Half-life (t1/2) and the Change of Energy due to Denaturation (Gi) 
of Native and Immobilized Enzymes 

The constant value of thermal inactivation (ki), half-life (t1/2) and the change of energy due to denaturation (Gi) 
of native and immobilized enzymes with CM-cellulose is tabulated in Table 1. The half-life (t1/2) of immobilized 
enzyme was increase significantly. According to Stahl (1999) the half-life determines the enzyme stability. In 
this research there was a big increase of half-life of native enzyme which was 7.875 minutes to 28.875 minutes 
for the immobilized enzyme. 

The data in Table 1 also shows the constant value of thermal inactivation (ki) of native and immobilized enzyme 
where the stability of the immobilized enzyme was increased 3.67 times compared to the native enzyme. The 
decrease of ki value was an indication of bond formation from NH2 group on the side chain of lysine residue on 
the surface of the enzyme with immobile matrix. This condition caused the enzyme was less flexible on aqueous 
solution, as a result the protein unfolding was also less and the enzyme stability was increased (Yang, et al., 
1996).  
The change of energy due to denaturation (Gi) of native and immobilized enzymes can be seen in Table 1 
where the values were 99.95 and 103.53 kJ.mol-1, respectively. The increase of Gi of the immobilized enzyme 
signifies that the enzyme structure was more rigid, so that the energy required to denature the enzyme was higher. 
The rigidity of enzyme structure has stronger bond in its molecule, so the enzyme conformation is hard to open 
and the tertiary structure of the enzyme is more sustained (Yang, et al., 1996). 

4. Conclusions 
The immobilization with CM-cellulose on α-amylase obtained from B. subtilis has successfully increased the 
thermal stability of the native enzyme. This has been shown by the increase of optimum temperature of the 
immobilized enzyme from 60 to 65 °C. The KM value of the immobilized enzyme was higher than the native 
enzyme, while Vmax value of the immobilized enzyme was lower than the native enzyme. After being used 5 
times, the activity of the immobilized enzyme still remained 39.4%. The thermal stabilities of the modified 
enzyme were increased 3.67 times compared to the native enzyme. The decrease of ki value, the increase of 
half-life and ΔGi values showed that the immobilized enzymes were more stable than the native enzyme.  
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Table 1. The change of energy due to denaturation (Gi ), half-life (t½), and ki values of native and immobilized 
enzymes 

Enzyme ki (min.-1) t1/2 (min.) ΔGi (kJ mol-1) 
Native 0.088 7.875 99.95 

Immobilized 0.024 28.875 103.53 

 

 

 

 

 

 

 

 

 

 

Figure 1. Optimum temperature of the native and immobilized enzymes 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The graph of the Lineweaver-Burk of native -amylase 
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Figure 3. The graph of Grafik Lineweaver-Burk immobilized -amylase 

 

Gambar 4.  Penggunaan enzim hasil amobilisasi secara berulang 

 

 

 

 

 

 

 

 

Figure 4. The use of immobilized enzyme in repeated use  

 

 

 

 

 

 

 

 

 

 

Figure 5. Thermal stability presented in graph residual activity (%) of native and immobilized enzymes at 60 C 
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