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ABSTRACT

Chitin is the most widespread renewable polymer present in ocean and land. It is a crucial source of carbon and
nitrogen for many marine organisms. The goal of this research was to identify and enhance the production of
chitinase from bacterial isolates from the Tithal coastline in Valsad, Gujarat, India. A total 100 different soil
samples were screened using colloidal chitin agar medium for chitinolytic activity. Based on maximum zone of
chitin hydrolysis PZ6 isolate was selected for submerged fermentation (SmF). Optimization of chitinase production
in reference to production time, carbon source, nitrogen source, inoculum size, pH, temperature, and metal ions
were investigated. Highest chitinase production observed with 0.8 % (w/v) colloidal chitin;8 pH 35°C temperature
under shaking conditions after 24 hours. The most favored nitrogen and carbon sources were yeast extract and
glucose. The growth rate increased when medium was supplemented with Co*? metal ions. The molecular weight
of purified chitinase as determined by SDS-PAGE technique was 60 kD. The results suggest possible use of this
bacterial chitinase as a potent biocontrol agent for plant pathogenic fungi and as a tool for sustainable conversion

of natural abundant chitinous waste into various value-added products.
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INTRODUCTION

Henri Braconnot a French chemist first discovered
chitin in the early nineteenth century in France (Crini
2019).Chitin, in its pure state, is translucent, pliable,
resilient, and quite tough (Abidin et al. 2020). It is
the most abundant and insoluble amino-
polysaccharide occurring in nature following
cellulose, consisting of B1-4 linked n-acetyl d-
glucosamine residues. Chitin is always found cross-
linked to other structural components such as proteins
and glucans. It is present in shells, exoskeletons, and
stomach linings of arthropods (crustaceans and
insects) and lobsters consist of chitin (Swiontek-
Brzezinska et al. 2007). It is a major structural
component of yeast and several fungi forming part
of cell wall. Chitin exists in several zygomycetes
species in its deacetylated form as chitosan (Martinou
et al. 1995)

Chitinases (EC3.2.1.14) are enzymes that
hydrolyze chitin, and they are synthesized in
bacterial, viral and fungal cells as well as in insects,
plants and animals. In nature majority of chitin
degradation is mediated by microbes like bacteria

and fungi having chitinase enzyme and contribute
to carbon and nitrogen biogeochemical cycles (Setia
2015); but the degradation depends on temperature,
pH and the succession stage of the degradation
process (Beier and Bertilsson 2013). Hence, potential
microbial chitinase is needed for biodegradation and
conversion of huge chitin waste into economically
viable products (Yadav et al. 2019)

Several chitinolytic bacteria were reported as
chitinase producers like Serratia marcescens bjl 200
(Monreal and Reese 1969), (Sun et al. 2019), Bacillus
sp. (Lee et al. 2007, Itoh and Kimoto 2019),
Paenibacillus sp. Ik5 (Kusaoke et al. 2017), Listeria
monocytogenes (Halbedel et al. 2019),
Saccharomyces cerevisiae (Hurtado-Guerrero and
van Aalten 2007). Additionally, actinomycetes such
as Streptomyces sp. (Dahiya et al. 2006),
Streptomyces griseus hut6037 (Ralph Berger and
Reynold 1958), Streptomyces plicatus (Robbins et
al. 1988), reported as potent producer of chitinases.
Chitin modified products holds great economic value
due to their versatile biological activities and
chemical applications in medical (Iber et al. 2022)
and pharmaceutical areas (Hoell et al. 2010).



426

Zaveri et al.: Alkaline chitinase from bacterial strain PZ6

Int. J. Ecol. Env. Sci.

Chitooligosaccharides(cos) and their N-acetylated
analogues are useful for applications in various
biological activities such as antimicrobial activity,
and immune-enhancing effects (Rinaudo 2006).
Some chitooligosaccharides have been reported to
possess antitumor activity (Rinaudo 2006) and (Patil
etal. 2000).It can also be widely used in various areas
including the agricultural, biological, and
environmental fields (Veliz et al. 2017)such as
applications in water treatment, cosmetics and
toiletries, healthcare and medical, agrochemicals,
food and drinks, as natural biocontrol agent and
others. The search for extracellular chitinase
producing microorganisms is in demand along with
enhanced enzyme productivity by designing culture
medium and optimizing fermentation conditions is
need of time to further reduce the overall economic
cost. The objective of the study was to identify
optimize inoculum and fermentation parameters for
higher productivity of chitinase by isolate PZ6.

MATERIAL AND METHODS

Colloidal chitin preparation

The modified Hsu and Lockwood method was used
to prepare colloidal chitin by using chitin powder
(Hi Media) (Hsu and Lockwood 1975). For colloidal
chitin making 40 g of chitin powder was slowly
mixed with 600 ml of strong hydrochloric acid and
held at 30°C for 60 min with vigorous stirring. Chitin
was precipitated as a colloidal suspension in 2 litres
of water. The suspension was recovered using suction
filtration on coarse filter paper and then washed with
5 litres of distilled water. The procedure was repeated
three times until the pH of the suspension reached 4.
The loose colloidal chitin was utilized as a substrate
following the process as mentioned above (Wang et
al. 2013).

Isolation and screening of chitinase producing
bacteria

A total number of 100 soil samples were collected
aseptically from diverse regions of Gujarat. This soil
samples were collected from the fish market lal
Darwaja Ahmedabad, Dastan farm Ahmedabad,
Gandhinagar, and coastlines areas of Khambhat,
Somnath, Tithal, Valsad Gujarat. The minimal agar
medium containing colloidal chitin was used for

screening for chitinase-producing bacteria. Bacterial
isolates were selected on the basis of a larger chitin
hydrolysis zone after 96 hours of incubation. Based
on maximum zone of chitin hydrolysis Aeromonas
dhankensis PZ6 isolate was selected and further
tested for maximum enzyme production in colloidal
chitin broth (CCB).

Production of chitinase enzyme

The bacterial culture was inoculated in a 75ml of
fermentation media. Medium consists of (g1): NaCl,
0.5g; KHZPO4’3g; NH,CI, 1g; NazHPO4’6g; yeast
extract, 0.5g; agar powder, 15g and 1% (w/v)
colloidal chitin.(Farag et al. 2016, Monreal and Reese
1969)The bacterial culture was grown for 96 hours
at 35°C, 120 rpm on shaking incubator. The pH of
the fermentation medium was adjusted to 8. After
incubation period the fermentation media was
centrifuged at 8000 rpm for 5 minutes and the
supernatant of fermentation broth was collected.

Chitinase enzyme assay and protein estimation
The protein content was estimated by Lowry’s
method by using bovine serum albumin (BSA) as
standard in 20-200 pg/ml concentration (Sharma et
al. 2021). Enzyme activity of chitinase was estimated
based on the release of reducing sugar from colloidal
chitin. Crude sample, precipitated enzyme, and
purified enzyme (0.5ml) was added with equal
volume of 1% (w/v) colloidal chitin in 0.1 M
phosphate buffer with pH 7. After incubation at 37°C
for 1 hour the reaction mixture was added with 1ml
of DNS reagent and boiled for 5 min. One unit (u) of
chitinase activity considered as the production of one
imol of N-Acetyl-D-glucosamine (GlcNac) per
minute using a standard curve of N-Acetyl-D-
glucosamine (GlcNac) (Zhang et al. 2016).

Optimization of fermentation condition for
chitinase production

One optimised parameter was followed while other
parameters underwent iterative optimization, one
factor at a time. For the investigation of culture
conditions and chitinase production the following
variables were tested viz., inoculum size (1, 2, 3, 4
and 5%), incubation temperatures (25,30,35,40 and
45°C),pH (4, 6, 8, 10, 12), source of carbon (glucose,
sucrose, lactose, mannitol, fructose), source of
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nitrogen (yeast extract, peptone, urea, ammonium
sulphate, gelatine), For the metal ion optimization,
the medium was supplemented with chloride salts
of the selected metal except for copper for which
sulphate was used, and their supplementation was
as 0.1mg/L of the medium (Co** Ca?* Cu*, Mg*,
Mn?). , ,

Enzyme purification

The concentration of ammonium sulphate used in
the study was 25, 35, 50, 65 and 75% (Farag et al.
2016). For this process the crude enzyme solution
was divided in five equal fractions of 10ml each and
to these fractions’ ammonium sulphate was added
according to the saturation concentration. That is to
the fractions of crude enzyme solution 1.34, 1.94,
2.91, 3.98 and 4.76gm of ammonium sulphate was
added to obtain the saturation concentration of 25,
35, 50, 65 and 75%, respectively. The mixture was
incubated at 4°C for 5 hours to allow the protein
precipitation. The precipitated protein was collected
by centrifugation of the content at 8000 rpm for
15min. 50 mM phosphate buffer was used to dissolve
the centrifuged protein pellet. After collection of
precipitated protein pellets from all concentrations
they were pooled together to obtain the final
precipitated protein sample of chitinase from each
source. This precipitated chitinase enzyme sample
was used for protein quantification by Lowry’s assay
and enzyme activity determination with DNS
reagent. This precipitated protein sample was
dialyzed against the same buffer that is 50mm
phosphate buffer for overnight at 4°C. The dialyzed
protein solution was used as purified fraction in
purification study (Beygmoradi et al. 2018,
Libantova et al. 2009).

Enzyme purification via Sephadex G-100 column
The protein solution obtained after dialysis was
applied on the gel filtration column (2.5 x 45 cm) of
Sephadex G-100 pre-equilibrated with 50mm
phosphate buffer of pH 7. Then 5ml of concentrated
enzyme solution was loaded on top of the column
bed and elution was carried out with 50mm
phosphate buffer. The fractions of 5Sml were collected
at a flow rate of 30ml/hour. Protein concentrations
were determined by Lowry’s method (Kim et al.
2003).

SDS-PAGE analysis of Chitinase enzyme
SDS-PAGE was performed to determine the
molecular weight of enzyme. The precipitated and
purified chitinase enzyme sample from each source
was loaded on the SDS-PAGE gel composed of 12%
separating gel and 5% stacking gel. The gel solutions
were prepared according to the given composition
and poured in the gel casting tray and allowed to
solidify (Patel et al. 2010). The enzyme samples were
mixed with sample buffer (gel loading dye) and
incubated at 95°C for 5 min. After incubation, the
samples were loaded into wells on the stacking gel.
The samples were allowed to run alongside protein
marker till the end of the separating gel. Then the
gel was stained with 0.1% CBB R250 dye followed
by de-staining to visualize the protein bands
(Narayana and Vijayalakshmi 2009)

Statistical analysis

Design expert software 8.0.7.1 was used for statistical
analyses at 5% level (P = 0.05). Data of chitinase
production were fed into the design expert software
and analyzed by it. The software has the function by
which we can predict the production of chitinase
within studied rang of all medium components. All
the experiments were repeated three times (Akeed
et al. 2020, Vaidya et al. 2003).

RESULTS AND DISCUSSION

Obtaining chitinase producing strain

A total 100 different soil samples were screened.
Also, different soil samples screened from the Valsad
coastline area using colloidal chitin agar medium for
chitinolytic activity. Out of these, PZ6 isolate
designated. Chitinase has been previously isolated
from Aeromonas sp. (Halder et al. 2013, Korany et
al. 2019, Stumpf et al. 2019). In the present
investigation bacterial strain Aeromonas dhankensis
PZ6 was identified as a potent chitinase producer on
the basis of zone (14mm zone size) of chitin
hydrolysis on an agar plate supplemented with 1%
colloidal chitin and incubated at 35°C for 96 hours.
Figure 1 shows PZ6 soil sample collection sites
(Valsad, Gujarat (Latitude: 20°35°47.26"’N,
Longitude 72° 53” 58. 39”’E).
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Figure 1. PZ6 soil sample collection site Valasad
Gujarat

Growth and chitinase production profile
Bacterial growth and chitinase synthesis increased
from 24 to 96 hours of incubation (Fig. 2). After 96
hours of incubation the maximum enzyme activity
was found, simultaneously bacterial growth entered
into stationary phase and enzyme activity declined
during 120 and 144 hours of incubation. Maximum
enzyme activity 4.7 U/ml was obtained at 96 hours
(Hungund et al. 2022).
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Figure 2. Growth and chitinase production profile
of bacterial isolate PZ6

Optimization of chitinase production by one
variable at a time (OVAT)

Effect of inoculum size

High enzyme production results from small inoculum
sizes because they increase surface area to volume

ratio and improve dissolved oxygen distribution. On
the other hand if the inoculum size is too small
insufficient numbers of bacteria are produced, which
results in low enzyme production. To increase the
production of enzymes, it is important to maximise
the size of the inoculums(Kumar 2017). In our study
5% of the inoculum size gave maximum enzyme
production (1.44U/ml)(DF=5, F-value=35.389, P<
0.0001) was observed. (Fig. 3).

Effect of incubation temperature

Since the organism is a mesophile very less growth
hence low amount of enzyme production was
observed at higher temperature of 45°C. Maximum
enzyme production (1.45U/ml) (DF=4, F-
value=1760.740, P< 0.0001) was observed at 35°C
(Liu et al. 2019, Saima et al. 2013) (Fig. 4).

Effect of substrate concentration

Considerable increase in enzyme yield was achieved
with substrate concentration. Various concentrations
of substrate were investigated for enzyme yield and
maximum enzyme production (1.52U/ml) (DF=5, F-
value=40.221, P<0.0001) was achieved with 0.8%
colloidal chitin (Fig.5) (Kumar 2017).

Effect of medium pH

At lower and higher pH values the isolate showed
minimal growth, resulting in less enzyme production.
In the pH range of 6 to 8 the organism grew well and
pH 8 was found to be best under our experimental
conditions (1.55U/ml) (DF=5, F-value=311.465,
P<0.0001) was observed.(Fig. 6) (Saima et al. 2013,
Liu et al. 2019).

Effect of carbon sources

It was found that some chitinase was produced when
various carbon sources were used (Hungund et al.
2022). Added carbon sources have influential impact
on chitinase production.Maximum production was
achieved with glucose, giving the highest enzyme
yield (2.12U/ml) (DF=7, F-value=1860.780,
P<0.0001) while mannitol had least effect
(Fig.7).This indicate furthure utilization of other raw
and low cost carbon sources can be employed for
cost effective fermentation.Addition of sugars was
found to be beneficial in comparision with no
sugar(Shivalee, Lingappa, and Mahesh 2018).
Effect of nitrogen source

The enzyme production is substantially impacted by
nitrogen supplies just like carbon sources. Chitin can
act as both source carbon and nitrogen in medium.
The impact of additional nitrogen source was studied
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Figure 3. Influence of inoculum size on chitinase production by bacterial isolate PZ6
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Figure 4. Influence of incubation temperature on chitinase production by bacterial isolate PZ6

in addition to chitin (Cheba et al. 2018). Among all
majority nitrogen sources under study peptone
increased the enzyme production and produced
highest enzyme yield (2.68 U/ml) (DF=4, F-
value=1123.940, P<0.0001) (Fig. 8).

Effect of metal ions

Various concentrations of metal ions were
investigated for enzyme yield. Concentration of
cobalt (0.1mg/ml) gave maximum enzyme
production (3.4U/ml) (DF=4, F-value=180.211,
P<0.0001) was observed. (Fig.9) (Cheba et al. 2016).

Purification of chitinase by ammonium sulfate
precipitation

The chitinase enzyme was partially purified by
precipitation with different concentration of
ammonium sulphate. Maximum specific enzyme
activity 0.724 U/mg/ml was obtained in the fraction
having 65% of ammonium sulphate, whereas in crude
extract it was found to be 0.653 U/mg/ml. The
enzyme activity of purified enzyme increased (Table
1) and hence, specific enzyme activity increased by
41% (Hungund et al. 2022).
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Figure 5. Influence of substrate concentration on chitinase production by bacterial isolate PZ6
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Figure 6. Influence of pH on chitinase production by bacterial isolate PZ6

Table 1. Purification of chitinase for bacterial isolate PZ6

1.4
1.2
1
0.8
0.6
0.4
0.2
0
4 6 8 10 12

Sample name Total enzyme activity = Concentration of protein Specific activity
(U/ml) (mg/ml) (U/mg/ml)

Crude enzyme 347U 5.308 0.653

Precipitated enzyme 3.52U 4.857 0.724

(With ammonium sulphate)

Purified enzyme 3.58U 3.891 0.920

(Dialyzed enzyme)
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Figure 8. Influence of nitrogen sources on chitinase production by bacterial isolate PZ6

SDS-PAGE for Molecular Weight Determination
The SDS-PAGE analysis represents that the size of
chitinase enzyme from our bacterial isolate lies
60kDa. The position of protein band in purified
sample showed slightly above the 54kDa ladder band
and very lower to the 71kDa band, hence the size of
the enzyme is approximately 60kDa for chitinase
obtained from PZ6 isolate (Fig.10).

CONCLUSIONS

As a part of vigorous searching for microbial tool to
recycle naturally plentiful chitin, microbial chitinase
consider to be a key solution. In our study we have
characterized chitinase obtained from bacterial
isolate PZ6. The optimization study demonstrated
most efficient production of chitinase in a medium
supplemented with glucose (1g/ml), peptone (1g/ml)
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and cobalt chloride (0.1mg/ml). Additionally, the
alkaliphilic strain of bacteria was capable of
producing highest level of enzyme at 0.8% (w/v) of
colloidal chitin substrate. With a broad range of pH
and other factors demonstrated that this enzyme
could be a suitable tool as biological catalyst with
applications in biotechnological and pharma
industries. This bacterial enzyme if optimized further
could be a potential tool for bio control with
maintaining sustainable ecology.
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