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ABSTRACT

Aims: Microorganisms play a vital role in the breakdown of natural organic compounds and are valuable objects for
worldwide enzyme production. The aim of this study was to identify favorable production conditions for Bacillus
amyloliquefaciens D19 protease, followed by the purification and chemical characterization of this novel enzyme to
assess its potential applications in various fields.

Methodology and results: In this study, favorable conditions of protease production from B. amyloliquefaciens D19
were determined using a medium containing soluble starch (1.5%), earthworm extract (1.0%), yeast extract (0.5%), NaCl
(1.0%), at pH 7.0-8.0, 37 °C for 36 h with 150 rpm shaking condition. The protease was purified and had a molecular
weight of about 23 kDa. The optimum condition for casein hydrolysis was at 40 °C and pH 6.5-7.0 in the presence of 1.0
mM Na* or 5.0 mM Zn?*. The enzymatic activity was maintained at 75-100% at 30-50 °C and in pH 6.0-10.0. The values
of Vmax and Km were also determined as 1547 U/mg and 6.33 mg/mL, respectively.

Conclusion, significance and impact of study: The identified optimal conditions will serve as the foundation for the
production of the 23 kDa B. amyloliquefaciens D19 protease, one of the smallest proteases within the Bacillus genus.
Moreover, its notable heat resistance, broad pH tolerance, high substrate catalysis and moderate substrate binding
affinity make this enzyme a promising candidate for various applications in the food-feed and brewing industries.
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INTRODUCTION mainly from microorganisms. Based on chemical and
structural properties, proteases can be divided into serine
The development of industry worldwide has led to a  protease, cysteine protease, aspartic protease,
continuous increase in the use of industrial chemicals. As  metalloprotease or acidic protease, neutral protease, and
a result, environmentally friendly products have been  alkaline protease (Hamza and Woldesenbet, 2017).
gradually replacing harmful chemicals to minimize their  Alkaline proteases are mainly obtained from bacteria and
negative environmental impact and improve people's are active at alkaline pH (Gupta et al., 2002).
quality of life (Arunachalam and Saritha, 2009; Hamza, Extracellular proteases, especially those from the
2017). Proteases, one of the three largest groups of  genus Bacillus, have been widely commercialized (Gupta
industrial enzymes, account for about 60% of total et al., 1999). Most proteases obtained from Bacillus spp.
commercial enzymes worldwide and are commonly used  are active in neutral to alkaline buffers. Their molecular
in various fields such as textiles, detergents, leather, feed, mass is also quite diverse, ranging from 18-35 kDa, but

waste, and others (Gupta et al., 2002; Raveendran et al., can be up to 90 kDa in some cases (Yamagata et al.,

2018). The global protease market is expected to reach 1995).

USD 3 billion by the end of 2024 (Sawant and Surfactants and oxidizing agents strongly influence

Nagendran, 2014). alkaline proteases. However, Bacillus strains can
Protease is an enzyme that hydrolyses proteins into biosynthesize proteases that can work stably under the

amino acids by breaking peptide bonds (Rao et al., 1998). influence of many detergents, which is very important for

Extracellular proteases have strong proteolytic abilities  their application in the industry (Yang et al., 2000; Calik et
and are used in many industrial fields (Demain and Adrio,  al., 2002). Culture medium has a significant influence on
2008). Protease can be obtained from many sources but  the biosynthesis of extracellular enzymes. The
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components in this culture medium, such as carbon,
nitrogen, inorganic salts and growth factors, not only
affect the growth of Bacillus but also affect the synthesis
of their organic compounds, including enzymes (Beg et
al., 2002; Nascimento and Martins, 2004). In this study,
favorable culture conditions for a novel protease from B.
amyloliquefaciens D19 were determined, and
characterization of this purified enzyme has provided the
basis for its potential application in specific industrial
fields.

MATERIALS AND METHODS
Bacterial strain and culture condition

Bacillus amyloliquefaciens D19 strain from soil in Ho Chi
Minh City and stored at the Microbiological Technology
Laboratory, Institute of Biotechnology and Food
Technology, Industrial University of Ho Chi Minh City at -
80 °C. The strain was originally isolated in Luria-Bertani
medium at room temperature and further identified based
on macro and microscopic characterization in
combination with 16S rRNA sequencing using universal
primer pairs: 27F-AGAGTTTGATCCTGGCTCAG and
1492R-GGTTACCTTGTTACGACTT. Bacillus
amyloliquefaciens D19 was also previously proven to
produce high-activity cellulase and a high antagonistic
effect against the dragon fruit fungal pathogen
Neoscytalidium dimidiatum (Nguyen et al., 2020; 2021).
Inoculum culture of B. amyloliguefaciens D19 was
routinely prepared in Luria-Bertani broth (LB broth,
tryptone 10.0 g/L, yeast extract 5.0 g/L and NaCl 10.0 g/L,
pH 7.0) supplemented with 10.0 g/L casein, on a rotary
shaker (150 rpm), at 37 °C overnight for further
experiments.

Effect of various carbon and nitrogen sources on
protease production

The effect of carbon sources on protease production was
conducted in a 250 mL flask containing 100 mL of basal
medium (yeast extract 5.0 g¢g/L, NaCl 10.0 g/L)
supplemented with 10.0 g/L tryptone and 1.0% of
inoculum culture. Each carbon source (1.0% w/v),
including rice bran, corn powder, soluble starch, maltose,
lactose, and glycerol, was then added at a concentration
of 10.0 g/L. The initial pH was adjusted to 7.0. The
medium flasks were inoculated on a rotary shaker at 150
rom at 37 °C for 32 h. The culture medium was
centrifuged at 6000 rpm for 20 min at 4 °C and the cell-
free supernatant was used for protease activity assay.
The suitable carbon source concentration was
subsequently screened in the 0.0-4.0% range using the
same cultural conditions.

The effect of nitrogen sources on protease production
was conducted in the basal medium supplemented with
1.0% inoculum culture and a suitable concentration of
selected carbon source. Each of the different nitrogen
sources (1.0% wi/v), including tryptone, urea, casein, soya
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powder, gelatin, peptone, earthworm extract, KNOs,
NaNOs, NH4Cl, was then added at a concentration of 10.0
g/L. The initial pH was adjusted to 7.0. The medium flasks
were inoculated on a rotary shaker at 150 rpm at 37 °C for
32 h. Cell-free supernatant was used for protease activity
assay. A suitable nitrogen source concentration was
subsequently screened in the 0.0-4.0% range using the
same cultural conditions.

Effect of initial pH and incubation time on protease
production

The effect of initial pH on protease production was
determined by modifying the pH of the medium with
suitable carbon and nitrogen sources in a range of pH
3.0-9.0 using 1 N NaOH and 1 N HCI. The culture was
grown on a rotary shaker at 150 rpm at 37 °C for 32 h.
Cell-free supernatant was used for protease activity
assay.

The effect of incubation time on protease production
was determined using 1.0 mL of the cell-free culture
supernatant from the medium with suitable carbon-
nitrogen sources and initial pH. The culture was grown on
a rotary shaker at 150 rpm at 37 °C for different
incubation periods at 12, 24, 36, 48, 60 and 72 h. Cell-
free supernatant was used for protease activity assay.
Purification of extracellular from B.
amyloliquefaciens D19

protease

Bacillus amyloliquefaciens D19 was cultured in defined
favorable medium and growth conditions. Cell-free culture
supernatant was used for protein precipitation by 70%
(NH4)2S04 solution. The precipitated protein  was
collected by centrifuging at 13000 rpm at 4 °C for 15 min,
then immediately dissolved in buffer A (10% glycerol, 50
mM Tris-HCI pH 7.0, 2% 2-mercaptoethanol). The protein
solution was subjected to overnight dialysis with the 3
kDa cut-off membrane in buffer A at 4 °C.

The dialyzed protein solution was collected after
centrifuging at 13000 rpm at 4 °C for 15 min and was
further purified by ion exchange chromatography using a
5 mL HiTrap Q HP column (GE Healthcare). Buffer A (50
mM  Tris-HCI pH 7.0, 10% glycerol, 2% 2-
mercaptoethanol) was used as the running solution and
buffer B (50 mM Tris-HCI pH 7.0, 10% glycerol, 2% 2-
mercaptoethanol, 1.0 M NaCl) was used as an eluting
solution. The FPLC system was kept at a 2 mL/min
constant flow rate. Two milliliters of eluted protein solution
were collected for each fraction.

Protease activity assay

Protease activity was measured using modified Anson’s
method using casein as a substrate (Lanoé and
Dunnigan, 1978). One unit of protease activity was
defined as the amount of enzyme required to liberate 1.0
g of tyrosine/min under specified experimental conditions
(37 °C, pH 7.5).

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 20(1) 2024, pp. 85-93
DOI: http://dx.doi.org/10.21161/mjm.230307

A

400

Protease activity (U/mL)

Rice
bran powder

Corn  Starch Maltose Glucose Lactose Glycerol

Carbon source

1400 -

1200 -

1000 -

800 -

600 -

400 -

200

Protease activity (U/mL)

0 0.5 1

15 2 2.5 3 3.5 4

Starch concentration (%)

Figure 1: Effect of various carbon sources on protease production of B. amyloliquefaciens D19. (A) Protease activity of
culture supernatant of various carbon sources; (B) Protease activity of culture supernatant of different starch

concentrations.

Characterization of biochemical properties of
extracellular protease from B. amyloliquefaciens D19

The optimum temperature for purified protease was
examined from 25-70 °C and the optimum pH was
examined from pH 4.0-10.0 by adjusting the temperature
and pH of the reaction. Corresponding buffers used for
enzymatic reaction include citrate buffer pH 3.0-6.0,
phosphate buffer pH 6.0-8.0 and Tris-HCI buffer pH 8.0-
10.0.

Thermal stability was determined by incubating a
protease sample at 30-70 °C for 30 min and pH stability
was determined by incubating a protease sample at pH
3.0-10.0 for 30 min before the enzymatic reaction.
Residual activity was calculated in comparison with the
non-treated protease sample (100%).

Effect of metal ion

The effect of various metal ions on the catalytic activity of
purified protease was examined by adding either 10 mM
of EDTA or 5 mM of different ions, including Fe®*, Mg?*,
Zn?*, Cu?*, Fe?*, K* and Na* into the reaction. Enzymatic
reaction without supplemented ion was used as a control.
The reactions were conducted under optimal temperature
and pH.

Enzyme kinetics

Enzyme kinetics was determined via Km and Vmax values
using the Michalis-Menten equation to show the affinity
between enzyme and substrate as well as the catalytic
ability. The enzyme reaction was performed with a
variation of casein concentration from 0.04-40.0 mg/mL.
Enzyme activity was determined by modified Anson’s
method.

Statistics and data visualization

All experiments were done in triplicate and data were
presented as mean of triplicate with standard deviations.
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Statistical analysis was done using
Statgraphics Centurion 18 software (Statgraphics
Technologies, Inc., The Plains, Virginia). The enzyme
kinetic parameters were calculated using Prism 8.0.2
software (GraphPad Software Inc., San Diego, California,
USA).

RESULTS

Effect of various carbon sources on protease
production

The protease biosynthesis of B. amyloliquefaciens D19 in
a medium containing 1.0% of different carbon sources is
shown in Figure 1A.

The highest protease activity was observed in medium
supplemented with soluble starch (756.17 U/mL), followed
by corn powder (697.76 U/mL), maltose (633.68 U/mL),
glucose (587.77 U/mL), rice bran (454.42 U/mL), glycerol
(418.15 U/mL) and the lowest was with lactose (383.63
U/mL). Additionally, the medium containing 1.5% soluble
starch displayed the highest protease activity (1255.39
U/mL), nearly 3-fold higher than when no starch was
supplemented (437.72 U/mL) (Figure 1B). As a result,
1.5% soluble starch was selected for B. amyloliquefaciens
D19 protease production.

Effect of various nitrogen sources on protease
production

The effect of different nitrogen sources on protease
biosynthesis of B. amyloliquefaciens D19 was examined
in a culture medium containing 1.5% soluble starch and
supplemented with 1.0% of various organic and inorganic
nitrogen sources.

The results showed that protease activity in culture
medium containing earthworm extract displayed the
highest activity (1526.85 U/mL), followed by peptone
(1441.16 U/mL), tryptone (1367.42 U/mL) and other
nitrogen sources (Figure 2A). The amount of
supplemented earthworm extract was also examined and
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Figure 2: Effect of various nitrogen sources on protease production of B. amyloliquefaciens D19. (A) Protease activity of

culture
extract concentrations.
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Figure 3: Effect of initial pH and incubation time on protease production of B. amyloliquefaciens D19. (A) Protease
activity of culture supernatant of different initial pH; (B) Protease activity of culture supernatant after various incubation

periods.
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Figure 4: SDS-PAGE analysis of purified protease
fractions after ion exchange chromatography. M: Protein
standards; F1-F5: Protein fractions.
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1.0% was the most suitable for extracellular protease
production (Figure 2B).

Effect of pH and
production

incubation time on protease

The influence of initial pH on the protease activity of B.
amyloliquefaciens D19 culture of seven different pH
values was examined after 32 h of incubation. Protease
activity reached the highest value at pH 8.0 and pH 7.0
(1381.52 U/mL and 1326.52 U/mL, respectively) while
decreasing sharply at other higher and lower pH values
(Figure 3A).

In addition, the protease activity of B.
amyloliquefaciens D19 culture gradually increased and
reached a maximum after 36 h of incubation (Figure 3B).
Based on the obtained results, suitable culture conditions
for B. amyloliqguefaciens D19 extracellular protease
biosynthesize could be defined as 36 h culture at 37 °C in
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Figure 5: Effect of temperature (A) and pH value (B) on B. amyloliqguefaciens D19 protease activity; and effect of

temperature (C) and pH value (D) on enzyme stability.

basal medium containing 1.5% soluble starch, 1.0%
earthworm extract, initial pH 7.0-8.0.

Purification of extracellular protease from B.
amyloliquefaciens D19
In order to obtain pure protease fraction, B.

amyloliquefaciens D19 was grown in defined medium and
conditions and cell-free supernatant was collected for
crude protein precipitation with ammonium sulphate
followed by protease isolation using ion-exchange
chromatography. Fractions of collected protein displaying
protease activity were subsequently analyzed by SDS-
PAGE (Figure 4).

After purification, the F4 and F5 enzyme fractions
appeared to be pure, with one single band of
approximately 23 kDa. These fractions displayed the
highest protease activity compared to the others and were
also used for further characterization experiments.

Effect of temperature and pH on activity and stability
of B. amyloliquefaciens D19 protease

The effect of temperature on B. amyloliquefaciens D19
protease activity was studied at different reaction
temperatures from 25-70 °C (Figure 5A). Protease activity
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was found to be highest at 30-40 °C (1438.93-1631.79
U/mg) and highly reduced at 70 °C (428.21 U/mg).

Despite the fact that it is reduced at 50-60 °C,
enzymatic activity remains to be relatively high (>1000
U/mg). The optimum temperature (40 °C) was
subsequently used to study the effect of different reaction
buffers and pH on B. amyloliquefaciens D19 protease
activity. The protease was shown to be active in all tested
conditions (Figure 5B). The highest activity was observed
at pH 6.5 in both citrate buffer and phosphate buffer, and
the lowest was recorded at pH 9.0-10.0 in Tris-HCI buffer
with approximately 75% remaining activity (1157.14-
1213.10 U/mg).

Furthermore, the thermal stability of D19 protease at
different temperatures was also investigated to provide a
basis for preservation conditions and practical
applications. Purified protease of B. amyloliquefaciens
D19 was incubated at different temperatures (30-70 °C)
for 30 min before being subjected to enzymatic reaction at
40 °C, pH 6.5. Relative activity was calculated in
comparison with the control (without any pretreatment,
100% activity). Enzyme activity gradually decreased with
elevated pretreated temperature (Figure 5C). Enzyme
activity at 50 °C pretreatment was maintained at about
70%, sharply declined at 55 °C (33.52%) and dramatically
reduced to only 12.8% at 70 °C.
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Effect of metal ions on protease activity of B.
amyloliquefaciens D19

The determination of the appropriate cofactor for D19
protease enzymatic activity will be the basis for
establishing the optimum enzyme reaction conditions. In
this experiment, D19 protease was assessed in different
reactions containing various metal ions (5 mM) or EDTA
(10 mM). The control reaction (containing ~1.0 mM
residual Na* from the purification process) was performed
without the addition of any metal ions (Figure 6).

The protease of B. amyloliquefaciens D19 showed the
highest catalytic activity of 1630.45 U/mg in the control
reaction, which contained ~1.0 mM Na*, as well as in the
reaction containing 5.0 mM Zn?* (1617.78 U/mg). The
reaction in which EDTA chelated any trace metal ions
showed lower protease activity than those supplemented
with 5.0 mM Na*, K*, Mg?*, Cu?*, Fe?* and Fe®* ions. The
obtained results show that metal ions play a significant
role in promoting the catalysis of this enzyme. Increasing
the concentration of Na* ions to 5.0 mM reduced the
enzyme activity (1407.08 U/mg).
of B. D19

Enzyme Kkinetics

protease

amyloliquefaciens

The catalytic activity of the enzyme was displayed by
kinetic parameters. The substrate binding affinity and
substrate catalysis were determined according to the
Michaelis-Menten equation, and the results are shown in
Figure 7. In increasing substrate concentration (0.04-40
mg/mL), enzyme catalysis increased, and Vmax and Km
values were achieved at 1547 U/mg and 6.33 mg/mL,
respectively.

DISCUSSION
In the current study, suitable media for biosynthesis and

biochemical properties of extracellular protease from B.
amyloliquefaciens D19 were identified. Starch (1.5%) and
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earthworm extract (1.0%), with initial pH of 7.0-8.0, 36 h
of incubation at 37 °C, were found to be most suitable for
D19 protease production were found to be suitable
carbon and nitrogen sources for the production of this
enzyme. Indeed, starch was also reported to be an
appropriate carbon source for protease biosynthesis of
many other strains of Bacillus (Chauhan and Gupta,
2004; da Silva et al., 2007; Sepahy and Jabalameli, 2011;
Nassar et al., 2015). Earthworm extract contains mixtures
of polypeptides and amino acids, which can be directly
and readily available for cell metabolism. Besides,
earthworm extract contains a small amount of other
nutritional components such as lipids, minerals and
probably growth factors, which could further favor cell
growth and protease production (Hasanuzzaman et al.,
2010). Other suitable organic nitrogen sources were also
reported for protease biosynthesis in Bacillus, such as
soybean (Kshetri et al., 2016), peptone (Puri et al., 2002;
Nassar et al.,, 2015) and gelatin (Pant et al., 2015).
However, it is worth noting that starch and earthworm are
popular, low-priced and eco-friendly compared to other
purified sugars, peptone, tryptone, gelatin and beef
extract derived from the meat industry. Regarding the
physical requirements for protease production, the
medium initial pH of 7.0-8.0 and incubation temperature
of 40 °C for B. amyloliquefaciens D19 were observed to
be similar to other Bacillus strains, including B. subtilis
DM-04 (pH 8.0) (Mukherjee et al., 2008); B.
amyloliquefaciens MA20 and B. subtilis MA21 (pH 7.0, 37
°C) (Hassan et al., 2013); B. amyloliquefaciens 35s (pH
8.0, 37 °C) (Nassar et al., 2015). Additionally, the use of
1.5% soluble starch as a carbon source, 1.0% earthworm
extract as a nitrogen source, an initial pH of 7.0 and an
incubation temperature of 40 °C were found to be optimal
for protease production, with a 36-h incubation period.
Prolonged culture of more than 36 h led to continuous
decline in protease activity, which can be explained by the
depletion of essential nutrient content in the medium, the
prolonged incubation period of more than 36 h led to
continuous reduction, which can be explained by the
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Table 1: The enzyme activity of proteases observed from some Bacillus strains.

Protease source Vmax (U/mg) Km (mg/mL) Ref.

B. amyloliquefaciens D19 1547 6.33 This study

B. siamensis CSB55 1220 0.197 Tarek et al. (2023)
Bacillus sp. APR-4 47.6 26.3 Kumar and Bhalla (2004)
B. cereus S8 15.0 7.5 Lakshmi et al. (2018)

depletion of essential nutrient content in the medium
during long-term culture. Moreover, the autolysis process
of many proteases could also lead to a decrease in their
activity (Wang et al., 2005; Sankeerthana et al., 2013).
Protease production in B. amyloliquefaciens D19 can be
achieved using available low-priced nutrients with
common pH and temperature and in a relatively short
incubation period.

To further characterize the B. amyloliquefaciens D19
protease culture, the supernatant obtained from defined
conditions was used for purification, resulting in a
protease fraction of about 23 kDa. The molecular weight
of D19 protease was similar to those obtained from B.
siamensis CSB55 (~25 kDa) (Tarek et al., 2023) or B.
amyloliquefaciens H11 (~21 kDa) (Sai-Ut et al., 2015),
and was among the smallest extracellular proteases
found in Bacillus to date. Some extracellular proteases
with higher molecular weight in other B. amyloliquefaciens
strains were also reported in previous studies including
those from B. amyloliquefaciens FSE-68 (~27 kDa) (Cho
et al., 2003), B. amyloliquefaciens SP1 (~43 kDa) (Guleria
et al., 2016) and B. amyloliquefaciens D4 (~58,2 kDa) (He
et al., 2011).

Biochemical characterization results showed that
enzymatic activity of the purified protease displayed in a
wide range of temperatures 25-70 °C and pH 5.0-10.0,
which was similar to the previously reported Bacillus
proteases (Joshi and Satyanarayana, 2013; Sai-Ut et al.,
2015). In terms of thermostability and pH stability, D19
protease retained at least 75% of its residual activity at
30-50 °C and in pH 6.0-10.0. Additionally, neutral
phosphate and Tris buffer can be considered proper for
enzyme storage, similar to the case of protease SH21
from B. siamensis CSB55 (Tarek et al., 2023). The fact
that D19 protease showed the highest catalytic activity in
the reaction containing 5.0 mM Zn?* while highly inhibited
by the presence of 5.0 mM of other metal ions and EDTA
suggests that this could be a metalloprotease and these
effects are similar to some cases of other Bacillus
proteases (Akcan and Uyar, 2011; He et al., 2011; Singh
et al., 2011).

Kinetic parameters of the purified D19 protease were
successively determined. The Vmax value of D19 protease
was slightly higher than Vmax of B. siamensis CSB55
protease SH21 (Tarek et al., 2023), 32-fold and 100-fold
higher than those from Bacillus sp. APR-4 and B. cereus
S8, respectively (Kumar and Bhalla, 2004; Lakshmi et al.,
2018). The Kwm value of B. amyloliguefaciens D19
protease was slightly lower than that of B. cereus S8 but
more than 4-fold lower than the Bacillus sp. APR-4
protease (Kumar and Bhalla, 2004; Lakshmi et al., 2018)
suggests that it is an enzyme with very high substrate
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catalysis and moderate substrate binding affinity (Table
1).

CONCLUSION

In the current study, suitable media for biosynthesis and
biochemical properties of extracellular protease from B.
amyloliquefaciens D19 were identified. Starch (1.5%) and
earthworm extract (1.0%) are suitable carbon and
nitrogen sources for the production of this enzyme.
Bacillus amyloliquefaciens D19 protease was purified and
shown to have a molecular weight of about 23 kDa.
Biochemical characterization of the enzyme showed that
this enzyme is highly active in a wide range of
temperatures and pH. With high Vmax and low K, this
protease could be an efficient enzyme for several
potential applications. These results suggested that B.
amyloliquefaciens D19 protease could be used for
applications in different fields, such as food-feed and
brewing industries.
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