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Abstract: The research was about characterization of extraceluller chitinase produced by Bacillus licheniformis JP2 from
Penen Hot Springs, North Sumatera. Precipitation of crude chitinase was performed with different levels of ammonium
sulphate. Chitinase activity was determined colorimetrically by detecting the amount of N-acetylglucosamine (GIlcNAc)
released from colloidal chitin substrate with N-acetylglucosamine. Characterization of chitinase activity was measured at
different pH, different temperature, K,, and V,, values. The optimum activity of chitinase was produced 4 days after
incubation with chitinase activity of 0.0063 U/ml. Optimum chitinase activity was higher after 50% ammonium sulphate
precipitation with activity of 0.0087 U/ml followed by decreasing in activity supernatant with activity of 0.0012 U/ml.
Chitinase activity increased at pH 6 and at 60°C by 0.05066 U/ml with specific activity 3.8113 U/mg after dialysis. K,, and

V,.ax values were 0.321 mg/ml and 71.429 pg, respectively.
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1. Introduction

Nowadays, chitinase is one of popular enzyme. Chitinase
are known to be produced by bacteria and fungi obtained from
various sources such as the rhizosphere and filosfer, soil or
water environments such as oceans, lakes, ponds, or shrimp
waste [12]. Chitinolytic bacteria is not only found in
mesophyll environment, but also find in the termophile
environment such as Bacillus licheniformis MB-2 is obtain
from Tompaso Lake, North Sulawesi [1]. Bacillus sp. HU1
was obtained from Xinjiang hot springs in China [2].

Hot springs of Ranau lake was obtained genus Bacillus
which  have an activity chitinolytic  [8], and
Stenotrophomonas  maltophila  produce  thermostable
chitinase from soil in Jamia Hamdard, New Delhi [14].

Chitinase hold a lot of importance in various fields. In the
pharmaceutical field, result of chitin hydrolysis such as
kitooligosakarid could be useful because it was found anti-

tumor activity [15]. Chitinase has ability to degrade shrimp
waste contained chitin [16], in agriculture, chitinase use as
controlling plants diseases [11]. The purified chitinase from
C. cellulans strain 191 presents potential for application in
fungal control and protoplast formation such as Rhizopus
oligosporus, Mucor miehei, Penicillium sp., Streptomyces
phaerochromogenes, Trichoderma viride [3].

Many efforts to screen bacteria that have ability to produce
high chitinase. From the previous studies, there was the
activity of chitinase producing bacteria isolated from Penen
Hot Springs, North Sumatera. The highest index chitinolitic
was isolate JP2 by 1.65. The results showed that the molecular
identification of isolates JP2 was Bacillus licheniformis. This
study aimed to produce and purify chitinase from Bacillus
licheniformis JP2 followed by its characterization on the basis
of pH, temperature, K,, and V,,,,, values.
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2. Materials and Methods
2.1. Culture Conditions for Chitinase Production

Bacillus licheniformis JP2 were isolated from Penen Hot
Springs, North Sumatera. Studies have been previously
carried out to Bacillus licheniformis JP2 for its ability in
producing chitinase. The culture medium was composed of
0.3 g KH,PO4, 0.7 g K,HPO,, 0.5 g MgS0,.7H,0, 0.001 g
ZnS0O,, 0.001 g MnCl,, 0.01 g FeSO,.7H,0 in 1000 ml
containing 2% (w/v) colloidal chitin, pH 7 added 0.15 g yeast
extract. Unless it mentioned, all bacterial cultures were
incubated at 55°C in waterbath shaker 120 rpm.

2.2. Cell Growth and Crude Chitinase Activity

Eight flasks containing culture media were inoculated with
Bacillus  licheniformis JP2 and incubated for 8 days.
Observation of cell growth and measurement of chitinase
activity was conducted every 24 hours. Cell growth was
observed as optical density at A= 600 nm (ODgyg). Culture
broth was centrifuged at 10,000 rpm for 10 minutes at 4°C.
Enzyme assay was conducted by mixing 150 pl supernatant,
150 ul sodium phosphate, buffer of pH 7 and 300 pl of 3%
colloidal chitin incubated at 55°C for 30 minutes. The
mixture was centrifuged at 10,000 rpm for 5 minutes. 300 pl
supernatant was added with 700 pl aquadest and 1000 pl
schales solution (0.5 g K3(FnCn)g) in 0.5 sodium carbonate).
Solution was mixed and boiled for 10 minutes. Chitinase
activity was determined colorimetrically by detecting the
amount of N-acetylglucosamine (GIcNAc) released from
colloidal chitin substrate with N-acetylglucosamine as a
reference compound at A 420 nm [20].

2.3. Determination of Protein Concentration

Protein concentration was determined by Bradford (1976)
[5] method using bovine serum albumin as the standard and
absorbance was measured at 595 nm.

2.4. Partial Purification of Chitinase

Bacillus licheniformis JP2 was cultured in 1000 ml culture
media for 4 days. The culture broth was centrifuged at 10,000
rpm for 10 minutes at 4°C. The ammonium sulphate
saturation from 20% until 70% was added slowly to the
enzyme solution and left at 4°C for at least 3 h with vigorous
stirring. Then the solution was centrifuged at 10,000 rpm for
15 minutes. The culture remain was used for enzyme
characterization after the highest activity of ammonium
saturation was known. The result of precipitation was
centrifugated to separated enzyme precipitation from
supernatant. The enzyme was resuspended in 1 ml of 10 mM
phosphate buffer of pH 7.0. Precipitated enzyme and
supernatant were stored at 4°C overnight and subjected to
chitinase activity assay. For enzyme characterization, enzyme
precipitated with 50% ammonium sulphate was dialysed
against the same buffer, since it showed higher chitinase
activity. It was subjected to extensively dialysed for 24 hours
at 4°C and adding of the buffer.

2.5. Characterization of Chitinase

Chitinase was characterized by optimum temperature and
optimum pH. Chitinase activity was assayed at different pH
values (pH 4 to 8) using different buffer 5S0mM such as acetic
buffer (pH 4-6), sodium phosphate buffer (pH 7), tris-HCI
buffer (pH 8-9) at 37°C. Chitinase preparation was incubated
at temperature ranging from 35°C, 40°C, 45°C, 50°C, 55°C,
60°C, 65°C, 70°C at pH 6. The effect of substrate
concentration on chitinase activity was determined at
different concentrations of colloidal chitin varying between
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9% and
1%. The K,, and V,,,, values were accounted from a double
reciprocal plot by the Lineweaver-Burk method

3. Results and Discussion
3.1. Production of Bacillus Licheniformis JP2 Chitinase

Bacillus licheniformis JP2 produced termostable chitinase
at 4 days of incubation. The optimum activity was 0.0087
U/ml and tend to decrease thereafter (figure 1). Other studies
showed the similar result. Bacillus licheniformis A2 showed
optimum production of chitinase at 4 days [6]. Bacillus
subtilis showed to have higher chitinase activity in 4 days
[17] and 4 days for Bacillus atrophaeus, respectively [21].

Bacteria have different ability to produce chitinase. Its
depend on gene encoding chitinase. Other studies showed
bacteria Bacillus licheniformis A35 produced highest chitinase
activity in 6 days [6] Bacillus licheniformis MB-2 showed to
have chitinase activity in 6 days with 0,26 U/ml [1].
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Figure 1. Bacillus licheniformis JP2 cell growth in accordance with its
chitinas activity.

3.2. Purification and Chitinase Activity of Bacillus
Licheniformis JP2

Bacillus licheniformis JP2 produced chitinase with
colloidal chitin as C sole source. Chitinase activity of pellet
tended to increase when supernatant decrease by using
ammonium sulphate precipitation (20-70%). Optimum
chitinase activity was obtained at 50% ammonium sulphate
(figure 2). Other studies showed the similar results. Optimum
chitinase activity of Bacillus sp. BK 17 from Bangka [19]
and Bacilus subtilis 13.26 was at 50% ammonium sulphate
[13]. The water molecules released by using 50% ammonium
sulphate saturation followed by binding protein.
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Figure 2. Chitinase activity of supernatant and pellet after ammonium
sulphate precipitation.

The specific activity of crude chitinase showed 0.175
U/mg protein. Ammonium sulphate showed to recover
1.833% with specific activity 0.451U/mg protein. While
dialysed enzyme showed to have specific activity of 1.040
U/mg protein with purification fold of 5.294 and resulted to
recover 2.22%. The results of Bacillus licheniformis JP2
chitinase purification fold are summarized in Table.1. Levels
of protein decreased during dialysis because of diffusion and
osmosis process. Diffusion and osmosis of causing some
proteins missing.

Table 1. The Result of Bacillus licheniformis JP2 chitinase purification.

. . Total Activity Total Protein Specific activity Purification fold Recovery
Purification Step (U/ml) (i) (U/mg) ® (%)
Crude Enzyme 4,725 26,925 0,175 1 100
Ammonium Sulphate 0,087 0,192 0,451 2,570 1,833
Dialysis 0,105 0,101 1,040 5,294 2,220

3.3. Characterization of Bacillus licheniformis JP2
Termostable Chitinase

The effect of pH, temperature, and K,,, V. values on
enzyme activity of Bacillus licheniformis JP2 was
investigated. Chitinase activity of Bacillus licheniformis
was investigated over range pH 3 to pH 8. Many bacteria
showed optimum pH range 5-8 [21]. Some bacteria
produced optimum activity at low pH. Commonly,
denaturing enzyme occured at lowest pH and highest pH. In
our study, optimum chitinase activity of Bacillus
licheniformis JP2 was at pH 6 (figure 3). Chitinase activity
from Bacillus licheniformis MB-2 was optimum at pH 6 [1].
Chitinase activity of thermophilic bacteria Ralstonia sp. A-
471 was optimum at pH 5 [7]. Chitinase activity of Bacillus
licheniformis A2 and A35 was optimum at pH 5 [6].
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Figure 3. Optimum pH of Bacillus licheniformis JP2 chitinase activity.

JP2 isolate chitinase activity could be active at temperature
range of 35°C to 70°C. however chitinase thermostabil was
continuously decreased either when the temperature
increased. Many bacteria showed optimum temperature range
from 30°C — 60°C [21], [2]. In this study the optimum
chitinase activity was obtained at 60°C ie 0.05066 U/ml
(figure 4). Temperature related to activation energy of

enzyme. When the temperature was raised it might affect the
structure of enzymes and lead to reduced chitinase activity.
Other studies showed Stenotrophomonas maltophilia SJ10602
[14] was isolated from soil and Bacillus sp. HS, 3-la [4]
were to have an optimum activity at 60°C. Other bacteria
Micrococcus sp. AG84 [10] and Vibrio sp 98CJ11027 [18]
showed optimum temperature of 45°C. Bacillus licheniformis
A2 and A35 showed optimum temperature of 70°C [6].
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Figure 4. Optimum temperature of Bacillus licheniformis chitinase activity.

Determination of the K, and V,,. chitinase Bacillus
licheniformis JP2 was carried out by reacting chitinase of
dialysis results on various substrate concentrations of
colloidal chitin at 0.1% to 1% were incubated for 30 minutes
60°C pH 6 (figure 5). The value of K, and V,, were
determined by Lineweaver-Burk’s plot. Bacteria showed
different K, and V,, values from different sources.
Utilization of this chitin in different environment needs
suitable chitinases producing by chitinolytic
microorganisms [19]. The K,, and V,,, values of Bacillus
licheniformis were 0.321 pg/ml and 71.429 pg. K,, and V,,.,
values of Enterobacter sp. NRG4 were 1,43 mg/ml and 83,33
uM/pg hour for chitin hydrolysis; 1,41mg/ml and 74.07 07
uM/pug hour for colloidal chitin; 2 mg/ml and 33,33 uM/ug
hour for glicol chitin [11]. The values of K,, and V,,, of
Serratia marcescens B4A chitinase were 8.3 mg/ml and 2.4
mmol/min respectively [9].
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Figure 5. The activity of Bacillus licheniformis JP2 chitinase at different
colloidal chitin concentration.

4. Conclusion

Chitin is distributed widely in nature. Many bacterial
chitinase showed different optimum temperature, optimum
pH, K,, and V,,,. values. Chitinase of Bacillus licheniformis
JP2 was termostable enzyme that actived at highest
temperature and low pH. Although chitinolytic activity was
characterized from variety sources, it’s still important to
produce chitinase with more economical values.
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