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Abstract

This study aimed to optimize the medium compositions and cultural conditions for improved chitinase
production by a potential strain of Bacillus isolated from the marine environment and determine the
antifungal activity of its chitinase against plant pathogenic fungi. Five potential isolates were cultured
for chitinase production by submerged fermentation using colloidal chitin in a liquid medium. In this
study, chitinase activity was determined by measuring reducing sugars, which were determined by
the 3,5-dinitrosalicylic acid (DNS) assay. The most potential isolate, B26, showed similarity to Bacillus
paramycoides based on the 16S rRNA gene sequence. The maximum chitinase production was achieved
at 6.5210.02 U/mL after 72 h of incubation in a medium containing 2% squid pen powder, supplemented
with 0.5% sodium nitrate and 2% NacCl, with an initial pH of 7. It was observed that the optimization of
cultural conditions resulted in 2.83 times higher chitinase production than an unoptimized medium.
The antifungal activity of crude chitinase against phytopathogenic fungi was evaluated by a well-
diffusion method. The chitinase of B. paramycoides B26 effectively inhibited the growth of Fusarium
solani TISTR 3436 (83.4%) and Penicillium chrysogenum TISTR 3554 (80.12%).
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INTRODUCTION

Marine products, including shrimp, crab,
and squid, have high global market demand.
Remarkably, the expansion of seafood industries
contributes to tons of shellfish waste that contains
up to 58% chitin.? Therefore, the treatment of
chitin waste plays a significant role in ecological
sustainability while also increasing the economic
value of by-product utilization.? Bioconversion
of chitin into value-added products such as
N-acetylglucosamine (NAG), chitosan, and
chitinase has been proposed as an effective
method of reducing waste because it is both
helpful and environmentally sustainable.?

Chitinase (EC 3.2.1.14) is an enzyme
that degrades chitin, a polymer found in the cell
walls of fungi, crab shells, and insect cuticles.*
As noted previously, chitin is present in fungal
cell walls; therefore, it can be decomposed by
chitinolytic microorganisms.>® Global fungal
pathogen spread has a significant impact on
animal and plant biodiversity. Approximately 8,000
fungal and Oomycetes species are linked to plant
diseases.” Natural fungicides, such as chitinases,
have the potential to replace chemical fungicides
in plant biocontrol.® Marine microorganisms
are considered a source of novel enzymes and
useful secondary metabolites.®*! In contrast to
terrestrial microbes, marine organisms have
produced many novel molecules with diverse
structural and functional features, representing
a reservoir of new bioactive compounds with
high biocontrol potential. For this reason, marine
microbes are being explored to find new beneficial
microorganisms and novel chemical entities as
sources for new lead compounds. Chitinase-
producing bacteria from the marine have attracted
great attention because of their functional and
industrial applications.%*2

Arecent study shows that chitinase from
marine Exiguobacterium antarcticum DW2 has a
wide pH range, good thermostability, and low Km
values, indicating chitin degradation capacity.?
Chitinases from the marine Pseudoalteromonas
flavipulchra DSM 14401T have the potential
to directly degrade natural crystalline chitin to
produce N,N’-diacetylchitobiose.* Furthermore,
chitinase from the marine Streptomyces anulatus
CS242 has been shown to possess antifungal

activity against Aspergillus niger.*®* Marine
chitinases have unique properties such as higher
pH, salt tolerance, and cold-adapted than terrestrial
chitinases that may serve specific biotechnological
applications. A receptor-inducer system regulates
chitinase production in microorganisms. Thus,
the composition of the culture medium can
affect chitinase production.® The nitrogen source
and fermentation conditions impact chitinase
synthesis in marine Bacillus sp. R2.'7 Based
on these, the present study aims to optimize
chitinase production by marine-associated Bacillus
paramycoides under submerged fermentation
and determine its antifungal activity against nine
pathogenic fungi. Alternaria alternata, Aspergillus
flavus, A. fumigatus, A. niger, Cladosporium
cladosporioides, Fusarium solani, Mucor ruber,
Penicillium chrysogenum, and Rhizopus stolonifer
were used in this study. Most of these fungi cause
disease in crops, other organisms, or as allergens
in humans.”®

MATERIALS AND METHODS

Preparation of Microorganisms

Bacillus strains isolated from sand and
seawater were obtained from the Microbiology
Laboratory, Department of Science, Faculty
of Science and Technology, Prince of Songkla
University, Pattani Campus, Thailand. The selection
of five isolates used in this study was based on
their chitinase and antifungal activity, as explained
in the previous experiment.’ Bacterial isolates
were grown in nutrient agar (HiMedia, India)
enriched with 3% NaCl and incubated at 30°C for
24 h. The nine pathogenic fungi were obtained
from the Thailand Institute of Scientific and
Technological Research (TISTR). The fungal strains
were Alternaria alternata TISTR 3435, Aspergillus
flavus TISTR 3041, A. fumigatus TISTR 3108, A.
niger TISTR 3130, Cladosporium cladosporioides
TISTR 3285, Fusarium solani TISTR 3436, Mucor
ruber TISTR 3006, Penicillium chrysogenum TISTR
3554, and Rhizopus stolonifer TISTR 3016. The
fungi were grown on potato dextrose agar (PDA)
(HiMedia, India) at 27°C for 5 days before use.

Preparation of Colloidal Chitin Medium
Colloidal chitin was prepared according
to the method as described by Chandrasekaran

Journal of Pure and Applied Microbiology

2497 www.microbiologyjournal.org



Kurniawan et al. | J Pure Appl Microbiol. 2022;16(4):2496-2506. https://doi.org/10.22207/JPAM.16.4.09

20 with minor modifications. As a medium for
chitinase production, a colloidal chitin medium
containing (g/L): yeast extract (HiMedia) 0.5;
MgS0, 7H,0 0.3; KH,PO, 1.36; (NH,), SO, 1; NaCl
30; and colloidal chitin (1% w/v) was used in
this study. The initial pH of the culture medium
was adjusted to 7.0+0.2. The medium was
autoclaved at 121°C for 15 min.

Extracellular Chitinase Activity

The inoculum was prepared by adding
one loop of culture grown for 24 h to 100 mL of
nutrient broth supplemented with 3% NaCl in a
250 mL Erlenmeyer flask and incubated at 30°C
for 24 h while stirring at 180 rpm. Four milliliters
of inoculum (OD600nm = 0.5) was added to
100 mL of colloidal chitin medium in a 250 mL
Erlenmeyer flask and incubated at 30°C for 72 h
while stirring at 180 rpm. The fermentation broth
was centrifuged for 10 min at 10,000 rpm at 4°C
in an Eppendorf™ Model 5810R (Germany). The
obtained supernatant was used to determine
chitinase activity.

Chitinase Assay

The chitinase activity was determined by
theamount of reducing sugar (N-acetylglucosamine)
produced during the hydrolysis of the colloidal
chitin. The reducing sugar was determined by
modifying the DNS method.?* One milliliter of the
supernatant was added to 1 mL of 1% colloidal
chitin in 0.1 M citrate phosphate buffer (pH 5) and
incubated for 1 h at 37°C. The reaction mixture
was centrifuged at 10,000 rpm at 4°C for 5 min.
One milliliter of the mixture supernatant was
mixed with 1 mL of the 3,5-dinitrosalicylic acid
reagent (Merck, Germany) and heated for 5 min
in a boiling water bath. The samples and blank
absorbance were measured at 540 nm using a
Multiskan™ GO Microplate Spectrophotometer
(Thermo Scientific™, USA). One unit of chitinase
activity was defined as the amount of enzyme
required to generate 1 mol of reducing sugar per
hour under the experimental conditions.

Identification of Chitinolytic Bacillus Isolate B26

Genomic DNA extraction was performed
using phenolic-chloroform extraction.?? The 16S
rRNA gene was amplified with universal primers
(forward 027F and reserve 01492R) and performed

using GeneAmp PCR (PerkinElmer, USA). The
amplified samples were separated on a 1% agarose
gel containing ethidium bromide (0.5 pg/mL)
with a DNA ladder marker (GeneRuler™ 1 kb,
Fermentas, USA). PCR products with a length of
around 1,500 bp were purified and sequenced at
the Bioneer sequencing company in South Korea.
The results were compared with the GenBank
database using the BLAST program.

Optimization of Chitinase Production
Effect of Substrates and Concentrations on
Chitinase Production

The different substrates, including
colloidal chitin, shrimp shell powder (SSP), crab
shell powder (CSP), and squid pen powder (SPP),
at a concentration of 1%, were used for chitinase
production. Furthermore, the best substrate
was evaluated at various concentrations (0.5, 1,
2, and 3%) to determine the optimal substrate
concentration for chitinase production.

Effect of Additional Carbon Sources on Chitinase
Production

In this experiment, the best substrate
and its concentration from the previous
experiment were used instead of colloidal chitin.
Furthermore, various additional carbon sources
(1%), including glucose, lactose, maltose, and
N-acetylglucosamine, were added to the medium.
A control experiment without an additional carbon
source was also involved. The following procedure
was identical to the one described previously.

Effect of Additional Nitrogen Sources on Chitinase
Production

In this experiment, the best medium
compositions from previous experiments were
applied. Various additional nitrogen sources (1%),
including sodium nitrate (NaNO,), ammonium
nitrate (NH,NO,), peptone, and yeast extract,
were evaluated for chitinase production. A control
experiment without an additional nitrogen source
was also involved. The following procedure
was identical to the one described previously:
Furthermore, the best additional nitrogen source
was evaluated at various concentrations (0.5, 1,
2, and 3%) to determine the optimal nitrogen
concentration for chitinase production.
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Effect of NaCl Concentrations and Initial pH on
Chitinase Production

In this experiment, the best medium
compositions from previous experiments were
applied. Various NaCl concentrations (0, 1, 2, 3,
and 4%) were evaluated for chitinase production.
The following procedure is identical to the one
described previously. Furthermore, the initial
pH of the medium (5, 6, 7, 8, and 9) was applied
to determine the optimal initial pH for chitinase
production. The following procedure was identical
to the one described previously.

Effect of Incubation Time on Chitinase Production

The best medium compositions and
cultural conditions from previous experiments
were evaluated for different incubation times.
The following procedure was identical to the one
described previously. The crude chitinase was
prepared for antifungal activity.

Antifungal Activity of Crude Chitinase

The crude chitinase from the optimization
process was evaluated for antifungal activity
against plant pathogenic fungi using a well-
diffused method. A fungal plug with a diameter
of 5 mm was removed from the 5-day-old culture
and centered on Petri plates containing potato
dextrose agar. Four wells were created, each with a
diameter of 1 cm and located at an equal distance
from the center of the plate. Equal aliquots (150

a) b) .
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pL) of supernatant from crude chitinase, boiled
crude chitinase (negative control), uninoculated
culture (negative control), and 2 ug/mL of
amphotericin B (positive control) were placed
in these wells and incubated at 30°C for 5 days.
The percentage of mycelial growth inhibition was
measured using the formula below.?®

R1-R2 % 100
R1

R1 denotes the distance of the fungal
growth radius (mm) measured from the fungal
colony’s center to the negative control well, and
R2 represents the fungal growth radius (mm)
distance to the sample. The growth of the test
fungal strains was considered inhibited when the
inhibition percentage exceeded 20%.

Mycelial growth inhibition (%) =

Table 1. Chitinase production by chitinolytic Bacillus
isolates in the colloidal chitin medium

Isolates  Chitinase activity (U/mL)
BO7 0.735+0.056
B10 0.722+0.005
B19 0.742+0.027
B20 0.748+0.083
B26 0.753+0.007

Data is represented by the mean and standard deviation.
The P-value of all the samples is not statistically significant.

.

W .
i 1]

3
SPP concentration (%)

Figure 1. Effect of (a) substrates and (b) substrate concentrations on chitinase production by isolate B26 under

submerged fermentation
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Statistical Analysis

All experiments were performed in
triplicates. The results were statistically analyzed
using variance analysis (ANOVA) and Bonferroni
correction. The letter label variation in the figure
showed a significant difference of P< 0.05.

RESULTS

Screening of Chitinase-producing Bacillus Isolates
Five Bacillus isolates were evaluated for
chitinase production in the colloidal chitin medium.
As shown in Table 1, isolate B26 showed the most
potent strain with chitinase activity of 0.753 U/mL.
The results were consistent with a previous study
9 that isolate B26 showed the highest chitinase
activity observed by clear-zone formation on the
colloidal chitin agar. Nevertheless, no significant
difference in the chitinase production by the
Bacillus isolates was observed. However, our
previous study proved that isolate B26 had more
antagonistic activity against pathogenic fungi than
the other isolates tested in this experiment.*®

Chitinase activity (U/mL)

Identification of Isolate B26

Isolate B26 was identified using 16S rRNA
gene sequencing and found 99.47% identical to
sequences of Bacillus paramycoides. A study of
the morphological, physiological, and biochemical
characteristics of isolate B26 was conducted to
substantiate this finding.*

Table 2. Antifungal activity of crude chitinase of isolate
B26 against fungi

Mycelial growth
inhibition (%)

Fungi

Alternaria alternata TISTR 3435 0
Aspergillus flavus TISTR 3041 0
Aspergillus fumigatus TISTR 3108 0
Aspergillus niger TISTR 3130 0
Cladosporium cladosporioides 8.67+5.49
TISTR 3285

Fusarium solani TISTR 3436 83.4+2.9
Mucor ruber TISTR 3006 4.64+0.43

Penicillium chrysogenum TISTR 3554  80.12%4.5
Rhizopus stolonifer TISTR 3016 0

The data is represented by the mean and standard deviation.

N

7

)

NAG

Glucose

Control

Lactose

Maltose

Additional carbon sources (1%)

Figure 2. Effect of additional carbon sources on chitinase production by isolate B26 in an optimized medium under

submerged fermentation
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Effect of Substrates on Chitinase Production

Isolate B26 was evaluated to produce
chitinase on various substrates (Figure 1a). Squid
pen powder (SPP) as a substrate gave significantly
higher chitinase activity (2.3 U/mL) than other
substrates. Different concentrations of SPP
were evaluated to achieve maximum chitinase
production. The increased chitinase activity of
3.38 U/mL was obtained in the culture medium
containing 2% SPP and slowly decreased afterwards
(Figure 1b).

Effect of Additional Carbon Sources on Chitinase
Production

Additional carbon sources, namely
glucose, lactose, NAG, and maltose, were evaluated
to obtain the maximum chitinase production by
isolate B26. Interestingly, isolate B26 produced
the maximum chitinase production (3.65 U/mL)
in the SPP medium without an additional carbon
source (Figure 2), significantly higher than the SPP
with NAG and maltose addition. A decrease in
chitinase production by Bacillus isolate B26 in SPP
medium with NAG, maltose, lactose, and glucose
was observed.

Effect of Additional Nitrogen Sources on Chitinase
Production

The addition of nitrogen sources (1%) to
the culture medium, which consisted of yeast
extract (0.05%) and (NH,),SO, (0.1%) as its original

e e
Nl

NH:N

5

Control ~ Yeast extract Peptone NaNOs
Nitrogen sources (1%)

nitrogen sources, was conducted to evaluate their
effects on chitinase production. As an inorganic
nitrogen source, sodium nitrate was the most
favorable nitrogen source for chitinase production
(4.67 U/mL), significantly compared with other
nitrogen sources (Figure 3a). In contrast, lower
chitinase production was found in peptone or
yeast extract. Different concentrations of NaNO,
were further evaluated to achieve maximum
chitinase production. The results showed that the
isolate B26 produced chitinase maximally at 0.5%
NaNO, (4.07 U/mL) (Figure 3b).

Effects of NaCl Concentrations and Initial pH
on Chitinase Production

Various NaCl concentrations (0, 1, 2, 3,
and 4%) affected chitinase production by Bacillus
isolate B26 (Figure 4a). The results showed that
isolate B26 produced chitinase maximally at 2%
NaCl with chitinase activity of 6.34 U/mL. The
optimum medium was evaluated at different
initial pH for chitinase production (Figure 4b). The
highest chitinase activity (6.3 U /mL) was observed
at pH 7. The culture medium with an initial pH
below and above pH 7 significantly reduced
chitinase production.

Effect of Incubation Time on Chitinase Production

The effect of incubation time on chitinase
production by Bacillus isolate B26 was conducted
(Figure 5). Maximum enzyme production was

S
n

1 2
NaNO; concentration (%)

w

Figure 3. Effect of (a) nitrogen sources and (b) NaNO, concentrations on chitinase production by isolate B26 in an

optimized medium under submerged fermentation
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observed at 72 h of incubation with an enzyme
activity of 6.52 U/mL. After that, its production
decreased because it had a longer incubation time.

Antifungal Activity of Crude Chitinase

The crude chitinase from the optimized
medium of Bacillus isolate B26 was evaluated
for antifungal activity against nine fungi. The
results of the fungal growth on the plate assay are

\

7

7

NN

Chitinase activity (U/mL)
Chitinase activity (U/mL)

5]
—
[§)
w
'S

NaCl concentration (%)

shown in Table 2. Only two fungal strains, F. solani
TISTR 3436 and P. chrysogenum TISTR 3554 were
sensitive to crude chitinase. The fungal growth
inhibition by crude chitinase was 83.4% and
80.12% for F. solani TISTR 3436 and P. chrysogenum
TISTR 3554. The negative control well showed no
fungal growth inhibition, but the others showed
a crescent of inhibition around the wells due to
antifungal chitinase (Figure 6).

7.
i

b
NN

§
;
.
\

©n
o
<
o0
©

Initial pH of medium

Figure 4. Effect of (a) NaCl concentration and (b) initial pH of the medium on chitinase production by isolate B26

in an optimized medium under submerged fermentation
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Chitinase activity (U/mL)
w -
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24 48 72 96 120 144 168
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Figure 5. Effect of incubation time on chitinase
production by isolate B26 in an optimized medium under
submerged fermentation

DISCUSSION

Bacillus isolate B26, a potent isolate
producing chitinase, has DNA sequence similarity
to B. paramycoides, a novel strain in the member
group of B. cereus.?* Medium optimization revealed
that SPP as a substrate significantly affected the
chitinase production by Bacillus isolate B26. A
similar finding was reported that Streptomyces
thermocarboxydus produced the highest chitinase
activity when cultured in a medium containing
SPP.% These results correspond to some studies
that showed that the chitin content in squid pens®®
was higher than in shrimp and crab shells.?” The
B-chitin found in squid pens is less crystalline
and more degradable. Therefore, chitinolytic
bacteria degrade B-chitin faster than a-chitin in
shrimp and crab shells, which have a more stable
structure.?® Most bacteria have been reported
to produce the highest chitinase activity when
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colloidal chitin is present in the medium.?%3%
However, researchers reported the highest
bacterial chitinase activity in a medium containing
shrimp shells.3! This finding indicates that chitinase
production by bacteria depends on the culture
medium and enzyme producer characteristics.

The effect of substrate concentrations on
chitinase production by isolate B26 showed that
2% of SPP was optimal. This finding was similar to
Serratia marcescens DSM 30121T, which produces
the maximum chitinase in 2% of carbon sources.?
Additionally, we observed that NAG was not
beneficial as a substrate for chitinase production.
A similar result was also found in B. thuringiensis
R176.3 Another study showed that lactose and
maltose decreased chitinase production, while
chitin gave the highest enzyme production.?
Isolate B26 produced the maximum chitinase
when cultured in a medium containing the sole
substrate. However, the medium suppressed
its chitinase production with additional carbon
sources. In other words, B. paramycoides genes
that encode chitinase are controlled by carbon
catabolite repression.3> However, adding different
carbon sources in the culture medium, namely
fructose and starch, increased chitinase production
by Streptomyces pratensis®*® and Aeromonas
hydrophila,® respectively.

The effects of different nitrogen sources
revealed that inorganic nitrogen sources were the
best for chitinase production by isolate B26. The
same findings were found in B. thuringiensis® and

Cohnella sp. A01.3* Furthermore, 0.5% sodium
nitrate was suitable for chitinase production by
Bacillus isolate B26. Nitrate assimilation is a good
nitrogen source for Bacillus species. However,
nitrate utilization requires a reductive pathway
with nitrate and nitrite reductase enzyme
participation.?” As a result, sodium nitrate may
be an excellent alternative for industrial-scale
chitinase production.

Additionally, in this present study, a
reduction in chitinase production was found in
a medium with a complex nitrogenous source
addition, such as yeast extract and peptone.
Adding yeast extract as an additional nitrogen
source will increase its concentration in the
medium. In studying the a-amylase synthesis
by B. amyloliquefaciens,® in uncontrolled pH
fermentations, increasing the yeast extract
concentration to 5 g/L decreased the pH
significantly. As a result, the enzyme synthesis
is completely suppressed. The medium contains
yeast extract that is reported to cause nitrogen
catabolite repression in Saccharomyces cerevisiae
during wine fermentation.*

Optimum chitinase activity was observed
when the medium was supplemented with 2%
NaCl. Comparable results were obtained with 2.5
to 3% NaCl by Bacillus sp. R2 isolated from the
marine sample.” The sodium ion is implicated
in pH homeostasis. Every living cell tends to
expel high sodium ions from its cytoplasm.*

Figure 6. Bacillus B26 antifungal chitinase activity against (a) P. chrysogenum TISTR 3554 and (b) F. solani TISTR
3436. (1) 5-min-boiled crude chitinase (negative control), (2) 2 ug/mL of amphotericin B (positive control), (3) crude

chitinase, and (4) uninoculated culture (negative control)
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Furthermore, the most favorable conditions for
chitinase production were observed at pH 7. Our
previous study supported these findings regarding
the effect of NaCl concentration and the initial pH
on the growth of isolate B26.%° A comparable study
reported that chitinase is maximally produced at
pH 7.5 by Bacillus sp. R2.*” The initial pH of the
medium influenced enzyme biosynthesis due
to the ionization of the proton gradient at the
enzyme’s catalytic site.*!

The duration of incubation affected the
growth rate and pattern of enzyme production.
After 72 h, the production began to decline,
possibly because the microorganism’s growth had
reached a point where it could no longer maintain
a stable growth rate in conjunction with the
availability of nutrient resources. Similar findings
have also been found for Bacillus sp. HU1.#2 A
comparable study reported that Massilia timonae
produced the most chitinase after 36 h ** and
48 h by A. punctata HS6 and A. hydrophila HS4.%

Crude chitinase from isolate B26
showed the most effective inhibition against
P. chrysogenum and F. solani. Moreover, the
5-min boiled crude chitinase showed no fungal
growth inhibition because of the denaturation
of the enzyme when heated, leading to the
loss of enzyme activity. The antifungal chitinase
produced by Bacillus has been proven in numerous
studies. The crude and purified chitinase of B.
pumilus showed inhibition against F. solani and
A. niger.** Furthermore, purified chitinase of B.
cereus inhibited the growth of F. oxysporum and
Pythium ultimum.* Due to its natural origin, each
has its unique properties. The polymer found
in fungi is structurally like chitin, which is found
in other organisms. However, unlike arthropod
exoskeletons, fungal chitin is associated with other
polysaccharides.*® Therefore, the subsite structure
in the binding cleft must affect chitinolytic ability.
This explains why the chitinase did not affect other
fungi.

CONCLUSION

Medium composition and conditions
significantly increase the chitinase production
of B. paramycoides B26. We can conclude that
chitinase production increased 2.83-fold after
media improvement using squid pen powder

as a substrate. The crude chitinase showed
inhibitory activity against F. solani TISTR 3436 and
P. chrysogenum TISTR 3554. This study suggests
that B. paramycoides B26 may benefit chitin waste
utilization and control of plant pathogenic fungi.
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