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Abstract The present investigation highlights the process

parameters influencing the submerged fermentation of

chitinase by Bacillus pumilus JUBCH08, purification and

characterization of the enzyme and determination of

antagonistic activity of the bacterium against Fusarium

oxysporum. Medium supplemented with 0.5 % chitin and

peptone, at initial pH 8.0, when incubated at 35 �C for 72 h

favored highest chitinase production. The enzyme was

purified 25.1-fold to homogeneity. The chitinase was found

to be thermostable and alkali-tolerant with maximum

activity at pH 8.0 and 70 �C for 1 h. The molecular weight

of chitinase was found to be 64 kDa by sodium dodecyl

sulfate polyacrylamide gel electrophoresis. Mg2?, Co2?,

Ca2? and Mn2? improved the chitinase activity. The Km

and Vmax values of the enzyme were 0.13 mg/ml and 38.23

U/ml, respectively. When subjected to dual plate assay, the

bacterium showed 45 % antagonism against F. oxysporum.

Thus, it could be inferred that cultural conditions strongly

affected the chitinase production by B. pumilus JUBCH08.

The enzyme being thermostable and best functional under

alkaline conditions could be useful for the feed industry

and related biotechnological applications. Inhibition of F.

oxysporum by the culture through lytic mechanism indi-

cates its potentiality as a biocontrol agent.
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Introduction

Chitin, an insoluble polysaccharide, is one of the most

abundant biopolymers on earth and is composed of linear

chains of b-1, 4-N–acetyl glucosamine residues that are

highly cross-linked by hydrogen bonds. Chitin as a struc-

tural polysaccharide is present in the fungal cell wall,

nematodes, exoskeleton of insects and outer shell of crus-

taceans. Chitin forms a significant proportion of dry weight

of the waste generated from shellfish industry (Wang and

Chang 1997). Annually, shellfish production and process-

ing industry contribute to the accumulation of a substantial

amount of chitin rich waste that may prove to be an

environmental hazard (Wang et al. 2002).

From the environmental point of view, chitin utilization

is extremely essential for proper carbon–nitrogen balance.

The utilization of chitinous wastes often involves corrosive

chemicals resulting in high cost, low product yields and

environmental toxicity. Chitinases (EC 3.2.1.14) are

widespread in several bacteria, actinomycetes, fungi and

higher plants (Swiontek Brzezinska et al. 2014).

Bacteria synthesize chitinase to breakdown chitin and

metabolize it as carbon and energy sources (Lien et al.

2007). Numerous species of Bacillus had been reported to

synthesize chitinase and act as biocontrol agents since they

display antagonism against a wide range of plant pathogens

that infect several economically important crops (Collins

et al. 2003).

However, it should be noted that the use of chitinases is

limited as the production and characteristics of chitinases

often do not satisfy the industrial standards. Therefore,
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efforts must be directed toward finding newer sources of

chitinases, better production strategies and ability of these

chitinases to function under a wide range of temperature

and pH. Studies on media optimization for chitinase pro-

duction are a worthwhile approach because different media

constituents may affect the production of microbial chiti-

nases. Simultaneously, enzyme characterization is equally

important to determine the optimal conditions under which

the enzyme demonstrates its maximum activity. The pre-

sent study aims at isolation and identification of a potent

chitinolytic bacterium from marine sediment, optimized

production, purification and characterization of chitinase

and testing in vitro antagonistic activity of the bacterial

isolate against phytopathogenic Fusarium oxysporum.

Materials and methods

Chemicals and reagents

All the analytical grade chemicals and media components

used in the experiments were purchased from HiMedia,

Mumbai, India.

Source of fungal culture

Fusarium oxysporum MTCC 7678 was obtained from

Microbial Type Culture Collection and Gene Bank

(MTCC), Chandigarh, India. The fungus was propagated

on potato dextrose agar (PDA) plates and stored at 4 �C
until further used.

Sampling

Bottom sediment for microbiological analysis was col-

lected from the littoral zone (down to 5 cm) of Elliot’s

Beach, Chennai Tamil Nadu, India (12.99�N 80.27�E).
Following collection, sediment was aseptically transferred

in a sterile zip-lock cover, stored in a container with ice and

transported to the laboratory, where it was immediately

processed (Donderski and Trzebiatowska 2000).

Isolation of chitinase producing bacteria

Chitinase producing bacteria were isolated from the marine

sediment sample using serial dilution and spread plate

technique on mineral salt medium with the following

composition (g/l) along with 1 % (w/v) colloidal chitin:

(NH4)2SO4, 0.28; NH4Cl, 0.23; KH2PO4, 0.0067; MgSO4-

7H2O, 0.04; CaCl2�2H2O, 0.022; FeCl3�6H2O, 0.005; yeast

extract, 0.2; NaCl, 0.015; NaHCO3, 1.0 and 1 ml/l of trace

element solution containing (g/l) ZnSO4�7H2O, 0.01;

MnCl2�4H2O, 0.1; CuSO4�5H2O, 0.392; CoCl2�6H2O,

0.248; NaB4O7�10H2O, 0.177 and NiCl2�H2O, 0.02 with

glucose (1 % w/v). The plates were incubated at 30 ± 2 �C
for 5 days and following incubation examined for the

appearance of bacterial colonies. The colonies showing

clear zones against a cream background were considered as

chitinase producers and maintained on chitin agar slants.

Screening of chitinase producing bacteria

All the above isolates were individually inoculated in

100 ml of mineral salt broth supplemented with colloidal

chitin (1 % w/v) and incubated at 30 ± 2 �C, 120 rpm for

5 days. Following incubation, the respective cultures were

centrifuged at 10,000 rpm for 20 min at 4 �C. The cell-free
supernatants were analyzed for enzyme activity (Kuddus

and Ahmad 2013).

Chitinase assay

The individual reaction mixture consisted of 1 ml of indi-

vidual culture supernatant, 1 ml of 1 % (w/v) colloidal

chitin in citrate phosphate buffer (0.1 M, pH 5.5) and

incubated at 50 �C for 30 min. Following incubation, all

the reaction mixtures were put in boiling water bath for a

period of 2–3 min to stop the enzyme action. The solutions

were centrifuged at 5000 rpm for 10 min. The amount of

reducing sugar in the supernatants was determined by

dinitrosalicylic acid method (Miller 1959). One enzyme

unit was defined as the amount of enzyme that liberated

1 lmol of N-acetyl-D-glucosamine per minute under the

standard assay conditions. The isolate demonstrating

highest chitinase activity was selected for further study.

The soluble protein contents of the enzyme samples were

determined by Lowry’s method (Lowry et al. 1951).

Molecular identification of selected bacterial isolate

The total genomic DNA was extracted from the bacterial

cells using Bacterial Genomic DNA Isolation Kit (Chro-

mous Biotech Pvt. Ltd., Bangalore, India) according to the

manufacturer instructions and checked for its quality and

concentration using 0.8 % (w/v) agarose gel

electrophoresis.

16S rDNA region was amplified using universal forward

16S rDNA primer (50-AGAGTTTGATCCTGGCTCAG-30)
and universal reverse 16S rDNA primer (50-GGTTACCT
TGTTACGACTT-30). The PCR amplification was per-

formed using the ABI 2720 thermal cycler (Applied

Biosystems, USA) with 5 min initial denaturation at 94 �C,
followed by 35 cycles that consisted of denaturation for

30 s at 94 �C, annealing for 30 s at 55 �C and extension at

72 �C for 1 min and a final extension of 5 min at 72 �C.
Each reaction mixture contained 1 ll genomic DNA, 4 ll
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of dNTP’s (2.5 mM each); 10 ll of Taq DNA polymerase

assay buffer and 1 ll Taq DNA polymerase (3 U/ll)
(Chromous Biotech Pvt. Ltd., Bangalore, India) and the

volume was made up to 100 ll using sterile distilled water.

The PCR amplified product was eluted from the gel using

Gel Extraction Spin-50 kit (Chromous Biotech Pvt. Ltd.,

Bangalore, India) according to the manufacturer instruc-

tions and detected by 1.2 % agarose gel (with ethidium

bromide) electrophoresis.

The partial 16S rDNA sequencing of the PCR amplicon

was performed at Chromous Biotech Pvt. Ltd., Bangalore,

India using Big Dye Terminator Version 3.1 cycles

sequencing kit and ABI 3500 XL Genetic Analyzer (Ap-

plied Biosystems, USA). The resultant nucleotide sequence

was analyzed using the software Seq Scape version 5.2.

The 16S rDNA sequence was aligned manually with the

available nucleotide sequences retrieved from the NCBI

database using BLASTn (Altschul et al. 1990). The

nucleotide sequence was submitted to GenBank database

(NCBI, USA) and was provided an accession number.

Optimization of chitinase production

To determine the optimum concentration of colloidal chitin

for chitinase production, the isolate was grown in the

presence of different concentrations (0.1–2 % w/v) of

colloidal chitin. Effect of nitrogen sources (0.1 % w/v:

peptone, tryptone, yeast extract, beef extract, ammonium

sulfate, urea and sodium nitrate) on chitinase production

was studied. Physical parameters such as initial pH (4, 5, 6,

7, 8 and 9), incubation temperature (20, 25, 30, 35, 40, 45

and 50 �C) and incubation time (24, 48, 72, 96, 120, 144

and 168 h) were optimized for maximum chitinase pro-

duction by the selected isolate.

Enzyme purification

The cell-free supernatant of the chitinolytic isolate

JUBCH08 was subjected to ammonium sulfate (70 % w/v)

precipitation at 4 �C. The resulting precipitate obtained by

centrifugation at 5000 rpm for 30 min at 4 �C was dis-

solved in phosphate buffer (0.2 M, pH 7.0), and dialyzed

against the same buffer for 24 h. The dialyzed fraction was

subjected to gel filtration chromatography using Sephadex

G-200 column (1.5 9 10 cm) equilibrated with the phos-

phate buffer. Fractions were eluted with the same buffer at

a flow rate of 1 ml/min. The fractions showing highest

chitinase activity were pooled, concentrated and further

purified using DEAE-Sepharose column (1.5 9 10 cm)

pre-equilibrated with 10 mM Tris–HCl buffer (pH 7.6).

The purified chitinase was eluted by a linear gradient of

NaCl (0 to 0.5 M) in the same buffer. The flow rate was

maintained at 0.5 ml/min. The active fractions having

chitinase activity were collected, concentrated and used for

characterization (Zhu et al. 2007). The molecular weight of

purified chitinase was determined by SDS-PAGE

(Laemmli 1970).

Characterization of chitinase

The effect of pH on chitinase activity was evaluated using

0.1 M sodium acetate buffer (pH 3.0–6.0), 0.1 M Tris–HCl

buffer (pH 7.0–9.0), and 0.1 M glycine-NaOH buffer (pH

10.0). pH stability of the enzyme was measured by incu-

bating the enzyme at room temperature for 0–3 h in the

buffer supporting the highest enzyme activity. The effect of

temperature on chitinase activity was determined by

exposing the reaction mixture at 10–100 �C at the optimum

pH. Thermostability of the chitinase was assessed by incu-

bating the enzyme for 0–3 h at the temperature supporting

the highest activity. In both instances aliquots of the enzyme

were collected at intervals of 30 min, cooled and the residual

enzyme activity was determined as per standard assay pro-

cedure. Effect of variousmetal ions (chloridizedCa2?, Co2?,

Mg2?, Hg2?, Ag?, Fe3? and sulfated Cu2?, Ni2?, Zn2?,

Mn2?) was determined by preincubation of the enzyme with

1 mM concentration of each metal salt at the optimum pH

and temperature for 30 min. The Michaelis constant (Km)

and the maximum velocity (Vmax) of the enzyme were

determined from the double reciprocal plot by varying the

colloidal chitin concentration from 0.2 to 2.0 mg/ml (Line-

weaver and Burk 1934).

Antagonistic activity against phytopathogenic F.

oxysporum MTCC 7678

The fungal growth inhibition capacity of the selected bac-

terial isolatewas determined by dual plate assay (Huang et al.

2005). Pure culture of F. oxysporum MTCC 7678 (5 mm

agar plug) was placed at two opposite corners of PDA plate.

The bacterial culture was inoculated at the center. Plates

were incubated at 28 ± 2 �C for 5 days. Following incu-

bation, growth diameter of the fungal pathogen was mea-

sured. In the control plate, the bacterial culture was replaced

by sterile distilledwater. Result was expressed asmean of the

percentages of inhibition of F. oxysporum MTCC 7678

growth in the presence of the bacterial isolate.

Percentage inhibition was calculated using the following

formula

Percentage of inhibition

¼ 1� Fungal growth=Control growthð Þ½ � � 100

Mycelial morphology from the control and test plates

was observed after staining with lactophenol cotton blue

under binocular light microscope (Labomed, India).
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Statistical analysis

All the optimization studies were conducted in triplicate

and the data were analyzed using single factor analysis of

variance (ANOVA). All the data are graphically presented

as mean ± SD of triplicates (n = 3). ANOVA was per-

formed using Microsoft Excel 2007. P values\ 0.05 were

considered significant with a confidence limit of 95 %.

Results and discussion

Isolation and screening of chitinase producing

bacteria

Twenty-one chitinolytic bacterial isolates were isolated

from the marine sediment sample plated on mineral salt

medium supplemented with 1.0 % w/v colloidal chitin.

Among these, nine isolates showed chitinolytic zones

corresponding to 15–20 mm. When these nine chitinolytic

isolates were introduced in liquid medium, chitinase

activity ranging between 6.8 and 13.1 U/ml was recorded.

Isolate JUBCH08 which showed the highest enzyme pro-

duction was selected for further studies.

Molecular identification of the selected isolate

16S rDNA sequencing is a powerful tool for rapid identifi-

cation and phylogenetic analysis of bacterial species. The

apparent size of the PCR amplicon was *1.5 kbp. The

obtained 620 bp 16S rDNA nucleotide sequence was com-

pared with available 16S ribosomal sequences in the NCBI

database using BLASTn. The JUBCH08 isolate has been

enrolled into a cluster containingBacillus sp. andwas found to

be closely related toBacillus pumilus strainXJ-117with 99 %

sequence similarity. Hence, it was designated as Bacillus

pumilus JUBCH08. This nucleotide sequence submitted to

GenBank was provided an accession number KC588945.

Effect of colloidal chitin concentration

Since chitinase is an inducible enzyme, maximum chitinase

is produced when the production medium contains opti-

mum concentration of colloidal chitin as the substrate.

Different colloidal chitin concentrations (0.1–2 % w/v)

were investigated for chitinase production by B. pumilus

JUBCH08, where the bacterial culture produced maximum

chitinase (16.2 U/ml) when supplemented with 0.5 % (w/v)

of colloidal chitin. Beyond this substrate concentration the

enzyme activity decreased to reach a level of 8.3 U/ml with

2 % w/v of chitin in the medium.

A decline in chitinase production beyond 0.5 % (w/v)

colloidal chitin concentration may indicate reduced

utilization of colloidal chitin as substrate, or accumulation

of intermediate metabolites produced from chitin decom-

position, which might have inhibited the enzyme synthesis.

According to the Michaelis–Menten equation, it may be

hypothesized that the rate of an enzymatic reaction is

directly proportional to the substrate concentration at a

lower percentage. The greater the substrate concentration,

the lesser would be its influence on microbial growth and

rate of enzymatic reaction (Allison et al. 2014).

While solid-state cultivation of B. thuringiensis R 176

with shrimp shells and rice straw as a substrate for chiti-

nase production was studied, the optimal medium con-

tained 0.5 % (w/v) ball-milled chitin (Chaiharn et al.

2013). Thus, the present findings emphasize that chitinase

production could be correlated with colloidal chitin con-

centration in the medium.

Effect of nitrogen sources

Among the different organic and inorganic nitrogen sour-

ces added to the mineral salt broth, peptone was the most

effective nitrogenous additive resulting in highest chitinase

production (25.5 U/ml). Ammonium sulfate acted as the

best inorganic nitrogen source (Fig. 1).

In general, chitinase productionwas improved by addition

of organic nitrogen than inorganic nitrogen. This might be

due to the fact that organic nitrogen sources contain most

types of amino acids and growth factors vital for bacterial

growth and could be metabolized directly by the cells, con-

sequently promoting chitinase production. However, the

present finding also indicates that ammonium sulfate acting

as an inorganic nitrogen source may be used for large scale

chitinase production as an alternative to peptone.

Wang et al. (2001) reported that peptone (0.1 % w/v)

induced high levels of chitinase fromB. cereus. Incorporation

of different organic and inorganic nitrogen sources in the

media resulted inmaximum chitinase production byB. cereus

JF68 in the presence of peptone (Jabeen and Qazi 2014).

Fig. 1 Effect of nitrogen supplements on chitinase production by B.

pumilus JUBCH08. Data represent mean ± SD (n = 3); P\ 0.05
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Effect of initial pH of the medium

The pH of the immediate external environment partially

governs the cytoplasmic pH and is believed to affect the

rate of enzyme mediated reaction and structure of many

biological molecules including proteins and nucleic acids.

The present study reports appreciable chitinase production

between pH 6.0 and 9.0, with the maximum (29.4 U/ml)

recorded at pH 8.0. Decrease in enzyme yield was observed

under acidic conditions (Fig. 2a).

The probable reason for maximum production of chiti-

nase at pH 8.0 by B. pumilus JUBCH08 could be because

most microbial extracellular enzymes are best produced at

pH supporting maximum enzyme activity (Mc Tigue et al.

1994). The present observation is in corroboration with an

earlier report where chitinase production by B. pabuli K1

was optimum at pH 8.0 (Frändberg and Schnürer 1994).

Effect of incubation temperature

In bioprocesses, specific temperature requirement and its

regulation are the most critical parameters because culti-

vation temperature affects protein synthesis by influencing

the rate of biochemical reactions within the microbial cell

and thereby consequently inducing or repressing enzyme

production (Nascimento and Martins 2004).

When B. pumilus JUBCH08 was grown at 20–50 �C,
chitinase production was maximum (34.7 U/ml) at 35 �C.
The enzyme production decreased above 40 �C (Fig. 2b).

This result indicated the organism’s mesophilic preference

for enzyme production. The present observation regarding

the effect of incubation temperature on chitinase produc-

tion is in complete agreement with a previous finding that

reported 35 �C as the optimum temperature for chitinase

production by B. amyloliquefaciens SM3 strain (Das et al.

2012).

Effect of incubation time

The chitinase yield was initially low and after a lag phase

of approximately 48 h, the yield gradually increased.

Maximum chitinase production (39.3 U/ml) was recorded

at 72 h of incubation, beyond which the chitinase pro-

duction reduced rapidly.

From the present observation, it may be anticipated

that the initial linear nature of chitinase production by B.

pumilus JUBCH08 was probably due to the fact that

chitin being a hard-decomposable compound, longer

time was needed by the bacterial culture to adapt to this

substrate to produce chitinase. Till 72 h of incubation,

N-acetyl glucosamine liberated by the chitinase activity

was possibly used by B. pumilus JUBCH08 as a carbon

and nitrogen source. Beyond 72 h, greater amount of

accumulated N-acetyl glucosamine might have hampered

further production of the enzyme by a feedback mech-

anism. The other possible reason for the decrease in

chitinase yield might be due to activation of proteinase

mediated degradation or inactivation of the chitinase by

unclear mechanisms (Donderski and Trzebiatowska

2000).

Purification profile of chitinase

As summarized in Table 1, the chitinase from B. pumilus

JUBCH08 was purified by the combination of several

purification steps. The chitinase was purified to 25.1-fold in

three steps with a recovery of 74.7 %. We relate the

decrease in total chitinase activity to the loss of enzyme

during the purification steps.

Effect of pH on chitinase activity and stability

The chitinase from B. pumilus JUBCH08 showed better

enzyme activity at alkaline pH range as compared to the

acidic pH range, wherein pH 8.0 supported maximum

enzyme activity. At pH 8.0, the chitinase retained

Fig. 2 Effect of physical parameters on chitinase production by B.

pumilus JUBCH08. a Chitinase activity under the influence of initial

pH of the medium. b Chitinase activity at different incubation

temperatures. Data represent mean ± SD (n = 3); P\ 0.05

3 Biotech (2016) 6:87 Page 5 of 8 87

123



approximately 97 and 64 % of the original activity for 1

and 3 h, respectively (Fig. 3a).

The chitinase from B. pumilus JUBCH08 was different

from many other bacterial chitinases in having its pH

optima at pH 8.0. Characterization of a novel chitinase

from B. brevis revealed that the enzymatic activity was

stable at pH 6–10 and the enzyme was most active at pH

8.0 (Li et al. 2002). The purified chitinase from B.

licheniformis SK-1 revealed activity optima at pH 6 and 8,

respectively, when colloidal chitin was used as substrate

(Kudan and Pichyangkura 2009).

Effect of temperature on chitinase activity

and stability

In the present study, the chitinase was stable over a wide

range of temperature (50–80 �C) with the maximum

activity recorded at 70 �C. The enzyme retained approxi-

mately 94 and 37 % of its original activity for 1 h and 3 h,

respectively, at 70 �C (Fig. 3b). Similar to the present

study, the optimal temperature and pH of the chitinase

produced by B. licheniformis MB-2 were 70 �C and 6.0,

respectively (Toharisman et al. 2005).

Effect of metal ions on chitinase activity

The chitinase activity of B. pumilus JUBCH08 increased in

the presence of Mg2?, Co2?, Ca2? and Mn2? ions. Zn2?,

Ni2? and Cu2? ions slightly inhibited the chitinase activity,

whereas Fe3?, Ag? and Hg2? proved to be inhibitory

(Fig. 4). The result from the present study indicated that

metal ions influenced the chitinase activity. This is in

agreement with earlier studies wherein the chitinases from

Bacillus MH-1 and Bacillus sp. DAU101 were activated by

Mn2? and Co2?, respectively (Sakai et al. 1998; Lee et al.

2007).

Table 1 Purification summary of chitinase produced by B. pumilus JUBCH08

Steps Activity (U/ml) Protein content (mg) Specific activity (U/mg) Recovery (%) Purification fold

Crude enzyme 40.34 390 0.10 100 1.0

Ammonium sulfate desalted 37.45 170 0.22 92.8 2.2

Sephade9 G-200 35.16 29 1.21 87.1 12.1

DEAE-sepharose 30.17 12 2.51 74.7 25.1

Fig. 3 Residual chitinase activity at different time intervals. a Activ-

ity at pH 8.0. b Activity at 70 �C. Data represent mean ± SD

(n = 3); P\ 0.05

Fig. 4 Effect of metal ions on residual chitinase activity. Data

represent mean ± SD (n = 3); P\ 0.05
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Michaelis and rate constant determination

The Km and Vmax values of the enzyme were 0.13 mg/ml

and 38.23 U/ml, respectively. These results are significant

as the small Km value indicates a high affinity of the

enzyme toward the substrate (Plalmer 1987).

Determination of molecular weight

The purified chitinase was a monomer with an apparent

molecular weight of 64 kDa. In corroboration to the pre-

sent finding, chitinase from B. licheniformis Mb-2 was

found to have a molecular weight of 67 kDa (Toharisman

et al. 2005). The molecular mass of the exochitinase from

B. thuringiensis subsp. pakistani was 66 kDa (Thamthi-

anku et al. 2001).

Antagonistic activity against phytopathogenic

fungus

Antagonistic activity of several Bacillus species against a

number of pathogenic fungi is well documented. By the

dual plate method, 45 % inhibition of F. oxysporum MTCC

7678 hyphae was observed when cultured in the presence

of B. pumilus JUBCH08. However, in the control plate, no

inhibition of the fungal hyphae was recorded. This antag-

onistic mechanism is majorly attributed to the action of

bacterial chitinase on the fungal cell wall which contains

chitin as a major structural component. Microscopic

observation of F. oxysporum MTCC 7678 mycelia near the

zone of inhibition revealed marked morphological changes

in hyphae (hyphae appearing swollen, vacuolated,

fragmented and distorted) compared to mycelia observed

(intact without any distortion) in the control plate (Fig. 5).

These morphological changes in the fungal hyphae when

cultured in the presence of B. pumilus JUBCH08 are evi-

dences of the bacterial chitinase activity on the fungal cell

wall (Taechowisan et al. 2003).

Wilt is a widespread plant disease caused by many forms

of soil-inhabiting Fusarium, especially F. oxysporum.

Several investigations were undertaken to venture into the

biological control of F. oxysporum by chitinolytic bacteria.

The result of the dual plate assay presented here supports

the mechanism of antagonism of B. pumilus JUBCH08

against F. oxysporum MTCC 7678 mediated through

chitinase production. Several studies have demonstrated

that bacterial chitinases can cause deformation and inhibi-

tion of viable fungal hyphae (Ashwini and Srividya 2014).

Conclusions

The present investigation revealed that B. pumilus

JUBCH08 is a potent chitinase producer. Medium supple-

mented with chitin and peptone, at initial pH 8.0, when

incubated at 35 �C for 72 h favored highest chitinase

production. The chitinase was unique in some properties,

being functional under alkaline conditions and displaying

thermostability at 70 �C for 1 h. The results of the dual

plate assay emphasized that the chitinolytic bacterium

greatly inhibited the fungal pathogen through lytic mech-

anism, a characteristic that may be utilized for the formu-

lation of a biocontrol agent as an alternative to harmful

chemical pesticides.

Fig. 5 Mycelial inhibition of F. oxysporum by B. pumilus JUBCH08

in dual culture method, a PDA plate inoculated with F. oxysporum

(control), b PDA plate inoculated with F. oxysporum and B. pumilus

JUBCH08. Light microscopic observations of mycelial changes in F.

oxysporum from the zone of interaction (magnification: 4009),

c intact mycelium from the control plate, indicated by black arrow,

d swollen and ruptured mycelium from the plate showing zone of

inhibition, indicated by black arrow
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