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Abstract 

The research aims to study the effect of chemical modification on the stability of protease enzyme from a local 
bacteria isolate B. subtilis ITBCCB148 with NPC-PEG. The result showed that the native enzyme has optimum 
pH and temperature of 6.5 and 60C, respectively. The stability test of the native protease at pH 6.5 and 
temperature 60C for 360 minutes produce the following results: the residual activity of 5.75%, t½= 84.5 min., ki 
= 0.0082 min.-1, and ∆Gi = 106.508 kJ mol-1. The modified enzyme with NPC-PEG (33%, 42%, and 75%), 
showed that the optimum pH did not changed, however, the optimum temperature shifted from 60C to 65C. 
The stability tests of the modified enzyme with NPC-PEG have increased of 2.06; 2.24; and 2.31 times, 
respectively, than that of the native one. The decrease of ki, the increase of t½ and ∆Gi of the modified enzymes 
with NPC-PEG demonstrated that upon modification, the enzyme became more stable. This might due to rigidity 
increase of the modified enzyme, so the active structure of the enzyme is maintained and is protected from 
unfolding process. 
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1. Introduction 

Enzyme is a biocatalyst widely used in many industries due to its catalytic power which is in general by far 
much higher than a synthetic catalyst. According to Chaplin and Bucke enzyme has high specifity, speed up 
specific chemical reaction without side product, high productivity, and the final product is not contaminated so 
reducing the purification cost and environmental damage (Chaplin and Bucke, 1990).  

One of the enzymes widely used in industrial sectors is protease. This enzyme catalyzes the breaking of the 
peptide bond in protein molecule to produce oligopeptide or amino acid (Rao et al., 1998). This enzyme is 
widely used both in food industries such as bread maker, beer, cheese and meat softener; and non-food industries 
such as detergent, medical product, synthesis of organic compound as well as pulp and paper industries (Vieille 
and Zeikus, 1996).  

The enzyme required by industrial sector is a thermostable enzyme which is an enzyme that can work optimum 
in the temperature range of 60º-125ºC (Vieille and Zeikus, 1996) and at wider pH range. However, these two 
characters are usually not owned by most of the enzymes as they normally work at physiological condition and 
are not stable at high temperature and extreme pH (Goddette et al., 1993).  To overcome these problems, the 
proper method is needed to increase the thermal stability of the enzyme. Mozhaev and Martinek (1984) proposed 
that the stabilization of enzyme obtained from mesophilic microbe was a preferred method to obtain stable 
enzyme, as direct isolation of enzyme from thermophilic microbe has some weaknesses such as the design of 
specific bioreactor and required new processing method (Janecek, 1993) which are not easily accessible.   

Three methods are normally used to increase the stability of an enzyme, i.e. immobilization, chemical 
modification and directed mutagenesis. Of these methods, chemical modification is preferable as immobilization 
methods have problems of mass transfer inhibition of immobile matrix which can cause the decrease of binding 
activity and enzyme reactivity, whereas directed mutagenesis requires complete information about primer 
structure and complete three dimension structure (Mozhaev and Martinek, 1984).   

Yang et al. (1996) have successfully performed chemical modification on subtilisin enzyme with activated-PEG 
and the results showed that the modified enzyme has half-life higher at all pH and temperature tested than that of 
native enzyme. Yandri (2004) has also done chemical modification on α-amylase obtained from locale bacteria 
isolate B. subtilis ITBCCB148 using CC-PEG and NPC-PEG and has successfully increased the thermal stability 
of the enzyme 2-4 times compared to the native enzyme. He also observed that the modified enzyme worked at 
much wider pH range, between pH 4.5-9.0. Yandri et al. (2008) have also successfully carried out chemical 
modification on protease obtained from locale bacteria isolate B. subtilis ITBCCB148 using CC-PEG and the 
result was an increase in the thermal stability of protease 2-3 times. The modified enzyme also has wider pH 
range than the native enzyme, i.e.6.0-9.0. Based on the results obtained by previous researchers, we reported the 
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first chemical modification on protease obtained from Indonesian locale bacteria isolate B. subtilis ITBCCB148 
using NPC-PEG.  

2. Experiment 

2.1 Starting Materials 

NPC-PEG and other chemicals used were purchased from Sigma Aldrich and used without further purification. 
Local bacteria isolate B. subtilis ITBCCB148 was obtained from Microbiology Laboratory, Chemical 
Engineering Department, Bandung Institute of Technology, Bandung, Indonesia. Buffer pH was measured at the 
temperature of use, and the pH reported is that at the temperature of the incubation. 

2.2 Production of protease 

The production of the enzyme was done using fermentation media as following: peptone 0.5%, yeast extract 
0.15%, glucose 0.036%, and NaCl 0.25% (Yandri et al., 2007). 

2.3 Purification of protease 

The purification of protease enzyme is done in few steps: the separation of enzyme liquid from the cell with cold 
centrifugation to get the raw enzyme extract, precipitation with ammonium sulphate, ion exchange column 
chromatography and molecule filtration column chromatography (Yandri et al., 2007; Yandri et al., 2008).  

2.4 Protease activity test and protein content determination 

The protease activity test was done based on the modified of Kunitz method (Yamaguchi et al., 1982). Protein 
content determination was done based on the method by Lowry et al. (1951).  

2.5 The modification of native enzyme with NPC-PEG 

2 mL (0.15 mg/mL) of native protease was placed in 8 mL vial wheaton containing 0.5 mg activated-PEG in 2 
mL borate buffer (0.1 M pH 8.0). The molar ratio of PEG to native protease enzyme were 5:1; 10:1 and 15:1. 
The solution mixtures were stirred for 3 h at room temperature (Hernaiz et al., 1999). 

2.6 Determination of modification degree 

Determination of modification degree was done based on the method used by Synder and Sobocinski (1975) and 
as follows: 0.1 mL of modified enzyme was dissolved into 0.9 mL borate buffer (pH 9.0) and then was added 
with 25 μl 0.3 M TNBS. The mixture was then shaken and left it at room temperature for 30 min. The standard 
solution was made with the same composition but using the native enzyme, while the blank solution contained 1 
mL borate buffer 0.1 M pH 9 and 25 μl 0.3 M TNBS. The absorbance was measured at the λmax. 420 nm.  

2.7 Determination of optimum temperature before and after the modification 

To know the optimum temperature, the variations of temperature used were 50; 55; 60; 65 and 70°C, and then 
followed by the measurement of enzyme activity with Kunitz method (Yamaguchi et al., 1982).  

2.8 Thermal stability test and stability of the enzyme pH before and after the modification 

The enzyme thermal stability before and after the modification was done by measuring the residual activity of 
the enzyme after being incubated for 0, 60, 120, 180, 240, and 300 min optimum pH and temperature based on 
the method applied by Yang et al. (1996). 

2.8 Determination of half-life (t½), ki and ΔGi. 

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

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

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

ΔGi = -RT ln (kih/kBT)               (2) 

3. Results and Discussion 

Determination of modification degree with NPC-PEG: determination of modification degree was based on the 
ratio of lysine residues of the enzyme before and after modification. Modification of the native enzyme with 
NPC-PEG was done in three molar concentration variations ratio of native enzyme with NPC-PEG, i.e. 1 : 5; 1 : 
10; and 1 : 15. Table 1 shows that the modification of enzyme with NPC-PEG produced modified enzyme with 
modification degree of 33%, 42%, and 75%.   

3.1 The effect of modification toward optimum pH 

This experiment aims to know the stability of protease before and after the addition of NPC-PEG toward pH 
variation, and to see wheter there is optimum pH shifting. The effect of addition of NPC-PEG toward optimum 
pH of protease can be seen in Figure 1. This figure shows that the eznyme before modificaiton has optimum pH 
6.5; and after being modified with NPC-PEG (33%, 42%, and 75%) the optimum pH was also 6.5, so there was 
not optimum pH change before and after modificaton.   
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Based on Figure 1, the activity of all modified enzymes with NPC-PEG at various pH are more stable than that 
of native one, especially at more basic pH. The increase of enzyme stability of the modified enzyme towards pH 
was predicted because free NH2 group at R group at the surface of the enzyme bind to NPC-PEG so the charge 
change at enzyme structure occurred. Zubay stated that the effect of pH on activity of some enzymes depend on 
the pKa value and group ionization on the enzyme as well the substrate involve in the reaction (Zubay, 1983). 
Whilst the pH sensitivity of the enzyme generally indicated by the group which can be ionized at reaction site of 
the enzyme. This ionized group is determinator of some tertier structural change on the enzyme which affect the 
eznyme active site. 

3.2 The effect of modification toward optimum temperature 

% activity of protease obtained from B. subtilis ITBCCB148 before and after modification with NPC-PEG at 
various pH can be seen in Figure 2. This figure indicated that before the addition of NPC-PEG, the protease has 
optimum temperatature of 60oC. After being modified, the optimum temperature was shifted from 60oC to 65oC. 
The optimum temperature shift on the modified enzyme occured because the NPC-PEG molecule entered the 
hole to go to the active centre of the enzyme. This condition caused the three dimension structure of the enzyme 
changed so its activation energy was also changed, as a result this caused the optimum temperature shifted from 
60oC to 65oC.  

3.3 The effect of modification toward thermal stability 

The residual activity of the enzyme before and after modification with NPC-PEG (33%, 42%, and 75%) was 
done by incubating each enzyme at pH 6.5 and temperature of 60oC for 360 minutes.  The curve of thermal 
stability test of native and modified enzymes is presented in Figure 3. Figure 3 indicated that the enzyme before 
modification has residual activity of 5.75%, while the modified enzyme with NPC-PEG 33%, NPC-PEG 42%, 
and NPC-PEG 75% has residual activity of  23.97%; 27.61%; and 31.15%, respectively. These results 
illustrated that there was increase of pH stability of modified enzyme compared to the native one. Moreover, the 
higher modification degree on the modified enzyme, the higher residual activity after 360 minutes.  

3.4 Rate of thermal inactivation (ki), half-life (t½) and the energy change due to denaturation (ΔGi) of native 
and modified enzymes 

The half-life (t1/2) of all modified enzymes with NPC-PEG was increased. The half-lives of modified enzyme 
with NPC-PEG 33%, NPC-PEG 42%, and NPC-PEG 75%) were increased 2.06, 2.24 and 2.31 times, respectivel 
(Table 2). According to Stahl (1999) the enzyme stability toward pH and temperature was determined by the 
half-life of the enzyme. The half-lives of modified enzyme with NPC-PEG 33% has increased from 84.5 minutes 
to 173.3 minutes, NPC-PEG 42% from 84.5 minutes to 210 minutes, and NPC-PEG 75% from 84.5 minutes to 
216.6 minutes.  

The values of rate of thermal inactivations (ki) of native and modified enzymes are shown in Table 2 and it 
illustrated the decrease of ki value for all modified enzymes. The higher the modification degree used to native 
enzyme, the smaller the value of ki obtained. This indicated the decrease of denaturation rate of the enzyme  
after modification. The decrease of ki is predicted due to the formation of bond between long chain NPC-PEG 
with NH2 group on the side chain of lysine residue on the surface of the enzyme molecule. This makes the 
enzyme is less flexible in aqueous solution, which makes the protein unfolding is less and the enzyme stability is 
increased  (Yang et al., 1996).  

The energy change due to denaturation (ΔGi) is shown in Table 2 and it illustrated that ΔGi of modified enzyme 
was increased compare to that of the native enzyme. The higher the modification degree used, the higher the ΔGi 
value obtained. This indicated that the modified enzyme with higher modification degree is more rigid and less 
flexible, so the energy to denaturate the enzyme is also higher. The ∆Gi value of the native protease was 106.792 
kJ mol-1, while the modified protease with NPC-PEG 33%, 42%, 75% were 108.481 kJ mol-1; 109.028 kJ mol-1; 
and 109.113 kJ mol-1, respectively.   

4. Conclusions 

Based on the results obtained, the chemical modification of protease with NPC-PEG has successfully increased 
the stability the protease isolated from local bacteria isolate Bacillus subtilis ITBCCB148 as shown by the 
increase of their half-lives, optimum temperature and ∆Gi  although the optimum pH did not change. The 
decrease of ki value, increase of half-life and ∆Gi indicated that the modified enzymes were more stable than the 
native one.  
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Table 1. Determination of modification degree with TNBS 

Sample ∆ A 420nm Modification (%) 

Native enzyme 0.012 0 

NPC-PEG 1 : 5 0.008 33 

NPC-PEG 1 : 10 0.007 42 

NPC-PEG 1 : 15 0.003 75 
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Table 2. The values of Rate of thermal inactivation (ki), half-life (t½) and the energy change due to denaturation 
(ΔGi) of native and modified enzymes 

Enzyme ki (min-1) t1/2 (min.) Gi (kJ mole-1) 

Native enzyme 0.0082 84.5 106.508 

NPC-PEG 33% 0.004 173.3 108.481 

NPC-PEG 42% 0.0033 210 109.028 

NPC-PEG 75% 0.0032 216.6 109.113 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The relationship of pH and the activity of native protease and modified protease with NPC-PEG (33%, 

42% and 75%) 
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Figure 2. The relationship between temperature and protease activity of native and modified enzyme with 
NPC-PEG (33%, 42% and 75%) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Thermal stability presented by graph of residual activity (%) of native enzyme and modified enzyme 
with NPC-PEG (33%, 42% and 75%) at pH 6.5 and temperature 60oC vs time 
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