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ABSTRACT

Chitin is a major component of fung cell wall, myeelia, stalks and spore which can be
hydrolyzed by chitinase. This study was conducted to measure the ability of chitinase producing
bacteria in degrading chitin of fungal pathogens such as Curvwlaria affinis and
Calletotrichum gloeosporivides. These pathogens caused antrachnose, leafl blight and rotting on
ol palm leaves. Chitinase producing bacteria, Bueillus thuringiensis SAHA 12.08 isolate were used
in this study. SAHA 12.08 showed maximum chitinase with speeifie activity (7.896 11 mg™ protein)
at 60 h incubation. Maxmum temperature and pH of chitinase activity were 35°C and 7.0,
respectively. Chitinase was partially punified by 30% ammonium sulphate precipitation could
increase 2.85 fold than the specific activity. The activity of partially purified chitinase was optimal
at 45°C and 7.0, respectively. This ehitinase was stable at optimum temperature for 180 min
incubation, On SDS-PAGI analysis, the enzyme had molecular weight of 107, 102, 82, 83, 55, 46
and 44 kDa from zymogram analysis only 82 kDa protein band showed chitinase activity. I'n vitro
and detached leaf bioassay showed that chitinase of SAHA 12.08 had antagonist activity and
hioeontrol efficacy to C. affinis and C. gloeosporiaides in oil palm leaves,

Key words: Antagonistic activity, Colletotrichum gloeosporioides, Curvularia affinis, biocontrol
efficacy, chitinolytic bacteria

INTRODUCTION

Chitan is a polysaccharide consisting of B-1,4-N-acetylglucosamine (GleNA¢) residues that are
mghly cross-linked by hydrogen bonds. Chitin 1s one of the most abundant renewable natural
resource after cellulose. Chitin 1s widely distributed in nature as it 1s found in the cuticles of
insects, shells of crustaceans, nematodes and cell walls of most fungi (Gohel et al., 2006,
Bhattacharya ef el , 2007 Aranaz et al,, 2009),

Curvularia affinis and Colletotrichum glocosporioides are fungl causing leaf blight. and leaf
spots disease on oil palm nursery which decrease its economic value. In Indonesia the disease was
still categorized as secondary diseases but in Thailand 1t seems to be senous disease in plant where
51.01% caused by Curvularia sp. and 22% caused by Colletotrichum sp. (Kittimorakul ef al.. 2013)
thus, the study about. early prevention of this disease is required. Chitin contamed 1n the cell walls,
mycelium, stalks and spores of pathogenic fung: are able to degrade by chitinase (Peter, 2005).

Chitinase is a group of enzymes that can degrade chitin polymer with 2 stages. Endochitinase
(EC 3.2.1.14) degrade the polymer into oligomers then degraded to monomers by exochitinase
(p-N-acetylhexosaminidase (EC 3.2.1,59). Enzyme is found in a wide variety of organisms such as
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bacteria (Liu et al., 2010), actinomycetes (Gherbawy et al., 2012), fungi (Lee et al., 2009), insects
(Bansode and Bajekal, 2006) and plants (Matsushima ef al., 2006). The use of chitinase some this
decades 1s inereasing along with the wide range application of this enzyme, One of them is used
as a biocontrol against various types of fungal pathogens (De la Vega et al, 2006) which is
expected to reduce the use of synthetic fungicides. Those efforts are continued throughout the world
wide to inerease the production of chitinase from vanous bacterial 1solates. The most species is often
used as biocontrol agent. from group Bacillus. Various chitinase producing Bacillus species have
been reported among B. cereus (Huang et al., 2005), B. thuringiensis (De la Vega et al., 2006) and
B. licheniformis (Kamil et al., 2007). Some of the latest characteristics of bacterial chitinase has
been widely reparted (Bhattacharya et al., 2007). However, there were still no reports about the
purification and characterzation of indigenous bacterial chitinase which used as a biocontrol agent
of C. affinis and C. gloeosporioides. The objectives of the study were to evaluate partial purified
and characterize extracellular chitinase of Baeillus thuringiensis SATIA 12,08 and determine its
potency as biocontrol of C. affinis and C. gloeosporioides.

MATERIALS AND METHODS

Microorganism strain and growth conditions: Bacitlus thuringiensis SAHA 12.08 was
previcusly 1solated from soil in Jambi, Indonesia (Harvanto, 2013) Culture was grown and
mamntained on solid medium chitin  agar at 37°C. The fungal pathogens C.affinis and
C. gloeosporioides are 1solated from infected ml palm leaves (Haryanto, 2013, Purnamasan, 2013).
The isolated fungy were grown on Potato Dextrose Agar (PDA) plates and incubated at 28°C for
1+6 days. The both of isolate are collected at IPB Culture Collection, Department of Biology, Faculty
of Mathematics and Natural Seiences, Bogor Agricultural University, Indonesia.

Modelling bacterial growth curve from isolates and chitinase produetion: Inoceulation of
2-4 loopful of selected isolates inta 50 mL nutrient broth (NB) supplemented with 0.3% chitin
colloidal and incubated at 37°C for 156 h. In amount. of 1% culture (10° cells mL.™") was inoculated
into 100 mL NB with colloidal chitin which used enzyme production medium. Each culture was
ineubated at 37°C, 120 rpm and collected every 6 until 72 h and their optical density were
measured speetrophotomatrically at 800 nm. The eultures were then rentrifuged at 6000 rpm
(centrifuge Hermle with voter 220.97) for 20 man to obtain the crude extract of extracellular
chitinase enzyme.

Measurement of chitinase activity and protein concentration: Chitinase activity was
measurad by Spindler (1997). The ertide extract of extracellular enzyme was added to 0.3% colloidal
chitin and 0.1 M phosphate buffer at 37°C, pH 7.0 and agitated at 120 rpm. The mixture was
incubated at 30°C for 30 min. After centrifugation at 8400 g for 5 min, the filtrate was added to
750 pLi distillated water and 1500 uL, Schales reagent (K-Ferrsianida ard 0.5 M Na,CO.) and the
mixture was boiled at 100°C for 10 min. Enzyme activity was determined by measuring
absorbance at 420 nm and using Gle-NaCl as a standard Protein concentration was determined
by the Bradford (1978) using bovine serum albumin as a standard,

Partial purification of chitinase: Partial punification was parformed using ammonium sulphate.
Crude enzyme obtained was preaipitated with ammonium sulphate coneentration 0-10% up to
60-70% (Seopes, 1994). Precipitates are stored at 4°C for 24 h and centrifuged at 5000 rpm
(centrifuge Hermle with rotor 220.97) for 30 min at 4°C. The protein pellet was added to
phosphiate buffer (0.1 M) at. pH 7. Suspension of the protein was stored at -10°C for further testing.

9
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Electrophoresis and zymogram: The protein pellet was added by phosphate buffer (0.1 M)
pH 7. Electrophoresis was carried out under denatured proteins (SDS-PAGE) and zymogram.
Chitinase solution from erude enzyme and ammonium sulphate precipitation was viewed using
Sadium Dodecy! Sulphate-Polyacrylamide Gel Electrophoresis (SDS8-PAGE) (Laemmli, 1970) with
4% acrylamude concentration in the stacking gel and 10% acrylamide in the separation gel. After
electrophoresis, gels were stained with coomassie brilliant blue G-250. The chitinase activities were
also detected on gels by using SDS-PAGE and zymogram supplemented with 0.3% colloidal chitin,

Characterization of chitinase activity: The crude extract and partially purification was
characterized at its optimum pH and temperature with its stability was determind at optimum pH
and temperature, The optimum pH for chitinase activity was deterrmined by measurements at
different pH values (4.0-10.0) using colloidal chitin as a substrate under standard assay conditions.
The buffers used were as follows: 0.1 M citrate buffer (pH 4.0-6.0), 0.1 M phosphate buffer
(pH 7.0-8.0) and 0.1 M glyecine-NaOH buffer (pH 9.0-10.0). The optimum temperature was
determined by incubating the reaction mixtures at different range of temperature from 25-60°C
with B5°C interval from the optimum pH, cbtamned [rom the previous experiment, The stability of
chitinase was investigated by incubating the enzyme with optimum pH and optimum temperature
for 180 min,

Effect of chitinase on fungal pathogens by in vitro test: The effect of 1solate SAHA 12.08 was
tested against C. affinis and C. gloeosporioides on PDA. Antagonmistic activity was tested by using
cell culture, erude chitinase and partial purification enzyme of the strain with agar well diffusion
methed. Well containing 200 pL culture or erude chitinase was at distance of 3 em from margin of
PDA plate. Opposite the well, at a distance al al least. 3 em, suspected pathagenie fungi were placed.
After incubation for 6 days at 27°C, inhibition of the pathogen’s development was assessed with
parameter, The percentage of inhibition of radial growth can be estimated by following equation:

Inhibition of radial growth (%) = =%+ 100
a

where, 1, is length of radial growth towards plate margin (3 em) and r. is length of radial growth
towards antagonistic (Fokkema, 1973).

Biocontrol assay by detached leaf test: The 60 h cell culture, crude chitinase and partial
purification chitinase were testad to biocontrol effectiveness (He ef af., 2003). Oil palm leaf was
washed using sterile aquadest. Treatment. consists of 60 h cell culture, erude enzymes and partial
purification enzyme. For negative control oil palm leaves were inoculated with fung pathogens
only, using C. affinis and C. gloeosporioides. The whole treatments were conducted four times.
Each leaf was treated, cut. up to size of 4x3 em. Thereafter the leaf was dipped into treatments for
30 min then air dried. The leaves put and placed into a petri dish containing a wet filter paper to
maintain the humidity. After 1-2 h, 50 pL. of fungal pathogens at. a coneentration of 4% 10" spores
mlL ™" to the one end of the surface of the leaves and then incubated for 7 days m the dark
conditions at room temperature. Percentage of biocontrol efficacy of treatment (BC) and Disease
Inedence (D) caleulated using the equation of Chanchaichaovivat et al (2007

T-A

BC (%) = 100
()= =
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and:

A
DI (%) = — =100
(%) T

Where:

BC = Biocontrol efficacy

T = No. of infected spots inoculated with pathogens only

A = No. of infected spots inoculated with antagonist and pathogens
DI = Disease incidence

Statictical analysis: Data was analysed using MS.Excel Software.

RESULTS

Growth curve and chitinase activity of isolate: The isclates were grown in NB was enriched
by colloidal chitin (pH 7.0) at 37°C. The growth rate of SAHA 12,08 isolate was ascended from
0-24 h of incubation and then growth was relatively stable up to 60 h ineubation and descended
after 72 h incubation (Fig. 1). The chitinase was produced from 30 h incubation and relatively
inereased until 60 h incubation. The highest chitinase activity was found at the 60 h imecubation,
after 86 h of incubation the activity was not found (Fig. 1),

Partial purification of chitinase: The partial purification procedurss of the chitinase secreted
by the SAHA 12.08 1solate are summarized in Table 1. The results of precipitation using ammonitum

sulphate 0-10% up 10 80-70% (w/iv) showed that at concentration of 30% it was able to produce a

Table 1: Summary of chitinase pm‘l_:ially purification produced by B, (thuringiensis SAHA 1208

Steps Total protein (mg)  Total activity (U Specific activity (U mg) Purification (fald) Vield (940)
Crude extract 19,6800 14260 7.240 1.00 100
20% ammonium sulphate precipitation 0.0842 1+ 17.061 236 11
98 =G
9.6 -8 .
L 7 §
- 8
3 921 s £5
3 . E&
og 0.4 : ‘%'gﬁh
e T e
1 £
w
K6 —O—lug cell |

= Specific chitinase activity (L g ' protein)

] [ 12 18 e Ei 56 42 48 3 o0 3 17

T (b}

Fig. 1. Growth and chitinase activity of the B, thuringiensis SAHA 12.08 isolate on production
mecha enriched with colleidal chitin
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maximum chitinase specific activity 17.061 U mg™" (Fig. 2) and increase the purity upto 2.35 fold.
Furthermore, ammonium sulphate at 30% (w/v) was used for precipitation of protein in erude
enzyme.

Chitinase from precipitation method was analyzed by SDS-PAGE to obtain the number of
protein bands and molecular weight, Zymogram was analyzed using 0.3% colloidal chitin as a
substrate (Ing, 3). The result of SDS-PAGE using Coomassie Brilhant Blue G-250 (CBB G-250)
showed at least seven bands (molecular) of SAHA 12.08 chitinase protein fraction of 30%
ammonium sulphate with an estimated molecular weight viz 107, 102, 82, 63, 55, 46 and 44 kDa.
Zymeogram result using 0.1% Congo red showed one protein molecule which had chitinase activity
with molecular weight of 82 kDa. It was calculated on the basis relative mobility of standard

proteins.
- ls"ﬂSmnwnl I
Yoo 160 Precipitaie
£
= 144
é 124
; 104
g i
e
% e -
0 T T T T T R —
(1] 010 020 20-30 3030 30-50 SO-60) EO-T0

Ammanium sulphate concentration (%)

Fig. 2: Effect of ammonium sulphate concentration on precipitation of B. thuringtensis SAHA 12.08
chitinase. Bars represent standard error

200 kDa 8

150 kDa

170kNa §
107 kDa
162 4D

%2 kDa

63 kDa

55 kDa

46 kDu
~ 44 kDa

Fig. 2: SDS-PAGE and zymogram of chitinase SAHA 1208 M: Molecular weight standards,
1: SDS PAGE crude enzyme, 2: SDS PAGE of 30% (NH,),S0, precipitation, 3: Zymogram
of 30% (NH,),80, precipitation, 4: Zymogram of erude enzyme
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Characterization of chitinase activity: Maximum pH of the crude enzyme and partially
purification enzyme 1solate, SAHA 1208 was maximum at pH 7.0 with the activity 0.697 and
0.721 U mL™, respectively (Fig. 4). Among the different temperature tested, the chitinase
activity of crude enzyme was most active at 35°C being 0.722 U mL™ but maximum activity of
partially purification of enzyme was observed at 25, 45 and 60°C being 0.722, 0.723 and
0.719 U mL™, respectively (Fig. 5). To determine its stability, the crude enzyme and partial
purification enzyme was incubated at optimum temperature for a period of 3 h, Both chitinase were
stable at. maximum pl and temperature up Lo 180 min of incubation (Fig. 6).

Effect of chitinase on fungal pathogens by in vitro test: Inhibition of the growth of fungal
pathegens 1.6, C. affinis and C. gloeosporivides was observed tn vitro by using 60 h cell culture,
crude chitinase and partial punification chitinase on agar well-diffusion method (Fig. 7). Inhibition
of those fungal pathogens by SAHA 12.08 isolate chitinase showed that it was able to inhibit
C. affinis better than C. gloeosporioides after 5 davs incubation. Partial purification chitinase could

a Crude envme
O Partially panified enavme T
0,724 l T
‘, T 1 1 &
t I 1 ' I T
= i T 3 I
= I 1 I W
& i 1 (1
£ 0874
g 1 T
= =
5 s
0.62 T T T T T T
40 3.0 il Th a0 9.0 0
pH value

Fig. 4: Effect of pH values on chitinase activity of erude enzyme and partially purified enzyme of
B. thuringiensis SAHA 12.08. The activity was measured at 37°C. Bars represent standard

e1rors

U.75 90 Crude eximet
- £ Partially purified enryme
T34
? T . i t
s M .1 [% T I i '
= 0 T 11 1 1] + l :
= I T - |
: i
5 pend % T -
é =
é 674

(IFS - - - - - '_El' T

X wn 13 0 43 50 33 60
Temperatue (“C)

Fig. 5 Effect of temperature on chitinase activity of crude enzyme and partially purified enzyme
of B. thuringiensis SAHA 12.08. The actinity was measured at pH 7.0. Bars represent
standard error

"
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0.74 —(— Crude emzyme
—/\— Partial purification enzyme

. a7
E .
= 0.70
w0681
£
= 04664
L
0.(!"‘ T T T L v L] ¥ L L LS r L
0 13 30 43 (1] 75 90 ({13 120 135 150 63 1XD

Time (min}

Fig. 6: Stability of crude chitinase and partially purified chitinase al optimum pll and temperature
of B. thuringiensis SAHA 12.08. Bars represent standard error

d)

Fig. 7(a-h): Effectiveness of antagonist B. thuringicisis SAHA 12.08 againsl C affinis and
C. gloeosporioides in antagonist assay after 7 days incubation on PDA medium. For
C. Affinis (a) 60 h cell culture, (b) Crude enzyme, (¢} Partial purification enzyme,
(d) Control. For C. gloeosparicides () 60 h cell culture cell, (f) Crude enzyme, (g)
Partial punfication enzyme and (h) Control of after 7 day incubation

34

8

culture for about 39.89 and 35.80%, respectively after 5

inhibit the growth of C. affinis and C. gloeosporioides better than erude chitinase and 60 h cell

|'i'

1ys inoculation. Observations for @ days
showed that culture cell 80 h, capable to inhibit C. affin

ip to © days while the crude extract has
the ]np;h-:‘-st. inhibition of I‘uu;:,'n‘; pai,}mgn-nf; al. the u-:tr'I}' mocnlation and the activily tend to demrease
until 8 days. The same result was also showed by partial purification enzyme, the ability to inhibit
was decreased. However, it was still higher than the other treatments (Fig. 8a), Whereas, the
inhibition of C. gloeosporioides among those three treatments showed the similar patterns in which
there was a dechining of the activity along the incubation period (Fig. 8h)

Biocontrol assay by detached leaf test: Biocontrol efficacy test used two treatments, as
cell culture 60 h and crude enzyme. However, partial purification of enzyme was not done

because the enzyme ecan destruct the tested leaves Effective test of the biocantrol from

-
f
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O 60 h cell cullune
_ 40 48 Crude extract
3 ® Partial purified enzyme
P
2 304
o
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[ T T ' :
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Time (Days)
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0 T . 4ot .
3 4 5 f 7 % 9

lime (Days)

Fig. 8(a-b): Growth reduction of (a) Cryptocoryne affinis and (b) Colletotrichum gloeospaorioides in

the presence of B. thuringiensis SAHA 12.08 chitinases

Fig. 9(a-1): Effectiveness of antagonist B. thuringiensis SAHA 12.08 against leaf blight
lisease caused by C. «ffinis and C, gloeosporioides in bicassay using oil palm
leaves as for @, affins, (a) B0 h cell enlture, (b) Crude enzyme, (¢) Control and for

C. gloeosporicides, (d) 60 h cell, (¢) Crude enzyme and (f) Control

ench Lreatments showed that the eulture cell 60 h and the crude chitinase have the ability to inhibit

the leaf blight caused by C. affinis and C. gloeosporivides (Fig. 9). The crude enzyme could reduce

2
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120 JaBiocontrel efficacy (BC)  @Disease incidence (D)
§2.90 8645 £3.60
100 4 T
2 ] I { - ¥
£ 60 4 -
g ® 3 :
a 04 _1
0 . . r - L -
| 2 3 1 5 6
Treatments

Fig. 10: Effectiveness of the treatments B. thuringiensis SAHA 12.08 in reduction of disease
incidence in C. affinis and C . gloeosporioides. 1. 60 h cell culture cell + C. affinis,
2: Crude enzyme + C. affinis, 3: 60-h cell culture + C. glorosperioides, 4: Crude enzyme
+ (. gloeosportoides, 5: Control of C. affinis and 6: Control of C. gloeosporioides after
5 days 1neubation

leaf blight. caused by C. affinis better than the cell culture 60 h with the effectiveness value of
biocontrol for about 86.45% or with disease incidence for about 13.5%. Whereas, the reduction of
leaf blight caused by C. gleeosporinides showed by using 60 h eell culture was better than crude
enzyme for about. 83.6% or with disease incidence for about 16.36% (Fig. 10). The results indicated
that there was correlation between the activity of in vitre antagonist and biocontrol efficacy by
detached leaf assay test.

DISCUSSION

Isolate of B. thuringiensis SAHA 12.08 produced extracellular chilinase which are capable to
hydrolyze substrates such as colloidal chitin. The speeific activity of the enzyme began to find at
the stationary phase when the number of cell tend to decrease. The highest specifie activity of Lhe
enzyme oceurred in the 60 h of icubation, The highest enzyme production was also previously
reported by Narayana and Vyayalakshnu (2009), the maximum chitinase production of
Streptomyces sp. ANU 6277 observed at. 80 h of ineubation and tended to decrease due Lo the
increasing of incubation period. Almost all chitinase from bacteria has shown maximum activity
at 30-96 h of incubation (Zhu et al., 2007; Fararmarzi et al., 2009; Nurdebyandaru et al., 2010).

Crude extracts of enzyme obtained from the highest enzyme produetion could be precipitated
with ammonium sulphate 30% {w/v) and capable Lo increase the purity of 2.35 fold. The percentage
saturation of ammonium sulphate for each clhutinase from different 1solates was not. the same. The
percentage saturation of ammonium sulphate for each chitinase from different isolates was nol.
same. The saturation level of precipitation are ranged from 30-85% (“hang et al,. 2001; Kim ef al.,
2003; Rabeeth et al., 2011). Previous studies reported that chitinase from B. circulans WL-12 was
capable to preapitate with 46% ammonum sulphate (Watanabe ef wl., 1994). The molecular weight
of the protein was found Lo be about 107, 102, 82 63, 55, 46 and 44 kl)a by 10% SDS PAGE and
showed a single band 82 kDa on 10% zymogram analysis indicating the chitinase activity. The
molecular weight of chitinase of Baecillus sp. i.e., B. thuringiensis was analyzed by SDS-PAGE,
had more than one protein molecule in the range of 32-125 kDa (lJe la Vega et al, 2006;
Barboza-Corona et al., 2008; Liu ¢t a2l 2010; Kuzu et al, 2012).

a
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The highest. activity of both enzymes was at pH 7.0. Chitinase isolates, both erude enzyme and
partial enzyme showed a wide range pH from 4-10, Wang and Chang (1997) suggested that the
optimum chitinase of most bacteria are varieties from acidic pH to alkaline. The highest activity
of both enzymes was at pH 7.0. The same results also reported that chitinase of B. thuringiensis
(Gomaa, 2012) and Bacillus sp. (Mubarik et al., 2010) had the highest activity at pH 7.0. The
enzyme aclivity was determined by the presence of donor protons and donor acceptors on the
degree of ionization, obtained at pH optimum pH (Wilson and Walker, 2005). Proton donors and
acceptors contained many degrees of ionization on the sites of catalytic enzyme to support optimum
conditions, moreover, the pH also affects the solubility of the substrate. Extreme pH caused changes
in the structure of the enzyme and then decrease the effectiveness and efficiency of enzyme activity
(Farabee, 2001).

Crude enzyme showed the highest activity at 35°C. While the partial enzyme showed the
highest, range activity at. a temperature of 25, 45 and 60°C. Most of the chitinase of bacteria have
maximum activity at a wide temperature, Various reports indicated that the maximum activity was
at. 30-76°C (Frandberg and Schurer, 1994; Sakai et al, 1998; Barboza-Corona et al., 2008;
Mubarik et al,, 2010; Thiagarajan ef al., 2011; Haggag and Abdallh, 2012; Margino et al., 2012).
Both of erude chitinase and partial chitinase stable at optimum temperature for 180 min of
incubation. Kuzu et al. (2012) also reported the same thing on B. thuringiensis ssp. kusrtaki
HBEK-B1 which remains stable and active for 3 h at. 30-120°C.

Chitinase enzyme is currently used n biologieal control of fungal pathogens because of its
ability to degrade chitin 1n fungal cell walls (Ulhoa and Peberdy, 1991). This study was conducted
to analyze the ability of 60 h eell culture, erude enzyme and partial enzyme of B. thuringiensis
SAHA 12.08 isolate to inhubit the growth of leaf bhght pathogens (C. affints and C. gloeosporioides)
by in vitiro test. The three chitinase treatments were eapable to inhibit the growth of both
pathogenic fungi ir vitro. Inhibition by partial chitinase was better than crude enzyme and 60 h
cell eulture against these fungal pathogens. Those results were probably caused by the length of
time needed by the cell sulture to produce chitinase while partial chitinase and crude enzyme were
capable to hydrolyze chitin found in fungal cell walls directly. Differences among the ability of
inhibition against fungal pathogens were caused by Lhe concentration of hydrolytic enzyme or
secondary metabolie compounds found in partial enzyme or erude enzyme (Prapagdee ef al., 2008).

Effect of treatment of chitinase against leaves infected of fungal pathogens by detached leaf
test has been conducted and the results are presented in Fig. 10. Crude enzyme has inhibitory
against . affinis, better than 60 h cell culture. However, different things are shown against
C. gloeosporioides 60 h cell culture capable of inhibiting better than crude enzyme. The results
indicated that there was correlation between the activity of in vitro antagonist and biocontrol
efficacy by in vive test. The results caused by the synergism of action of biocontrol mechanisms of
cell eulture such as antibiotic production and induction of plant resistance with genes activation
such as chitinase, 1, 3-glucanase, peroxydases and phenylalanine ammonia lyase (Chang et al.,
2007). Although there are no reports on o1l palm leaf blight biocontrol using chitinase from
Bacillus sp. Several Bacillus species have been widely used as biocontrol agents pathogenie fungi
both of cells, erude enzyme and partial chitinase including the germination of seeds protected with
B. licheniformis and B. thuringiensis for seed infested with A. niger (Gomaa, 2012) and chitinase
of B. thuringiensis ssp. aizawai able to protect of bean seeds infested with six phytopathogenic
fungi (De la Vega et al., 2006).
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CONCLUSION

Bageillus thuringiensis SAHA 12.08 produced chitinase at 60 h incubation. This chitinase was
purified 2.35 fold with 30% ammonium sulphate. Crude chitinase and partially chitinase had
maxmum pH at 7.0, 35 and 45°C, respectively with molecular weight of 107, 102, 82, 63, 55, 46
and 44 kDa on SDS-PAGE analysis and 82 kDa on zymogram. The both of chitinase were stable
at optimum temperature and pH for 180 min. This chitinase could better inhibit C. affinis than
C. gloeosportoides in vitro and detached leaf assay and has potential application as biocontrol
agents for C. affinis and C. gloeosporioides.
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