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Abstract: Extracellular thermostable o-amylase and protease from one fermentation of a newly isolated thermophilic
Bacillus licheniformis DV3 was studied. The optimum pH and temperature for the enzyme activity were 7.0 and 70°C
for the a—amylase, while it was 10.0 and 50°C, respectively for the protease activity. Different carbon and nitrogen
sources were investigated for the first time in terms of their effect on the co-production of extracellular thermostable a-
amylase and protease. Among carbon and nitrogen sources, soluble starch and urea increased both a-amylase and
protease production to a great extend. The a-amylase activity was enhanced in the presence of Mn?*, inhibition was
obtained in the presence of Ca?*and Cu?, and it was strongly inhibited by Hg®*. The protease activity was increase in the
presence of Ca** and Zn?*, whereas the activity was decreased by Mn?*and Hg®*, and the activity inhibited by EDTA

and PMSF.
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Introduction

A large number of bacteria, fungi, and yeasts
produce extracellular enzymes that degrade starch in
different environmental niches (Sharma and
Satyanarayana, 2011). Enzymes used in industrial
fields, although being of plant and animal origin, are
heavily isolated from microorganisms (Eren Kiran et
al., 2006). With the advance in the biotechnology
and purification of the enzymes, the number of
enzyme applications has multiplied and a lot of new
opportunities have appeared for industrial processes
thanks to the obtainable thermostable enzymes.

Thermostable enzymes, have found a number of
commercial applications (Demirjian et al., 2001).

Bacteria belonging to the Bacillus genus and the
genera closely related to Bacillus secrete
thermostable amylases, cellulases, lipases and
proteases. Amylases, biosynthesized by the bacteria,
show unique characteristics such as thermophilic,
thermotolerant, alkaline, and acidophilic properties,
and are of great significance in present day
biotechnology. These enzymes are used for baking,
brewing, fermentation applications, food, detergent,
paper, and textile industries to analyses in clinical
and medicinal chemistry as well as pharmaceutical
industries (Hmidet et al., 2008; Asoodeh et al.,
2010). Bacterial proteases are mostly extracellular,
easily produced in larger amounts, thermostable, and
active at a wider pH range (Banik and Prakash,
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2004). Proteases find application in detergents, food,
leather, pharmaceutical industry, waste management
(Anwar and Saleemuddin, 1997; Gupta et al., 2002;
Maurer, 2004; Haddar et al., 2009; Swati and
Satyanarayana, 2013), and bioremediation processes
(Deng et al., 2010), silk degumming and silver
recovery (Swati and Satyanarayana, 2013),
cosmetics, skin care ointments and contact lens
cleaners (Jellouli et al., 2011; Asker et al., 2013).

Amylase and proteases are used together for several
industries. In previous studies, there are few reports
about co-production of o -amylase and protease
(Hmidet et al., 2009; Negi and Banerjee, 2009;
Corréa et al., 2011; Kumar et al., 2013). Most
industrial enzymes are secreted by microorganisms
into the growth medium in order to break down the
carbon and nitrogen sources. It is by far the most
important to obtain a microorganism that grows very
quickly on inexpensive medium, while at the same
time producing large amount of the target enzymes.

Thus, the aim of the present work was to investigate
the co-production of two important enzymes (a -
amylases and protease) by thermophilic strain
Bacillus licheniformis DV3 under the same
conditions, as well as studying some properties of
the enzymes produced.

Materials and methods
Bacterial strain

In this study, the strain Bacillus licheniformis DV3,
which were isolated from the Davut hot water
springs of Diyadin township of Agri Province
(39°27' 52" N, 43°40' 53" E) (temperature 78°C,
pH 7.7), in northeastern Turkey, were used. The
strain Bacillus licheniformis DV3 was isolated and
identified by morphological, biochemical tests and
16S rRNA sequence analysis (Matpan, 2007).

Growth medium and optimization of the culture

The microorganism was grown at 55°C in nutrient
broth (NB: beef extract, 10 g/L; peptone, 10 g/L; and
NaCl, 5 g/L) and the pH was adjusted to 7.0 prior to
sterilization. The media were autoclaved at 120-C
for 20 min. The cultivations were performed in a
shaker for 4-64 h at 55°C in 250 mL Erlenmeyer
flasks with a working volume of 33 mL.

Cultures were incubated at 160 rpm at 55°C for 24 h
in a horizontal shakerThe cultures were centrifuged

at 8,200 xg at 4°C for 10 min, and the cell-free
supernatants were used for estimation of a -amylase
and protease activities. Growth was determined by
measuring the increase in ODyzo.

o-Amylase activity

The enzyme activity was determined according to
the Bernfeld method (Bernfeld, 1955). One unit (U)
of amylase activity was defined as the amount of
enzyme that released 1 pmol of maltose per minute
per mL under the assay conditions.

Protease assay methods

Protease activity was determined by the method of
Leighton et al. (1973). The protein content in the
extracellular extracts was determined by the Lowry
method (Lowry et al., 1951) using bovine serum
albumin as a standard in this procedure. One unit of
protease was defined as the amount of enzyme
required to release 1 pmol of tyrosine per min under
assay conditions (55°C, pH 7.0).

Effect of the incubation time on the a-amylase and
protease co-production

100 mL of liquid media (NB) was prepared
autoclaved and the flasks were inoculated with 1 mL
of an overnight cell suspension (1,2x10® cells/mL)
and stirred in a water bath at 160 rpm at 55°C .

Next, a sample was taken at the end of every 4 hours
over a 48 h and was centrifuged at 8,200 xg, and the
bacteria were precipitated by centrifugation. A
supernatant was used for the a-amylase and protease
activity measurement.

Effect of the carbon and nitrogen sources on the a-
amylase and protease co-production

In order to determine the effect of various carbon
and nitrogen sources on the a-amylase and protease
production, 250 pL overnight culture of dtrain DV3
was inoculated into soluble starch-free basal
medium (BM) 0.2% yeast extract, 1% beef extract,
0.02% CaCl;, and 0.01% MgS0O4.7H,0) containing
2% concentration of various carbon sources such as
glucose, lactose, sucrose, fructose, galactose, and
soluble starch, and various nitrogen sources, such as
bacto liver, casaminoacid, glycine, tryptone, urea,
and ammonium sulphate in 100 mL Erlenmeyer
flasks.
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The partial purification of a-amylase and protease

The culture supernatant containing the extracellular
o-amylase and protease was first subjected to
ammonium sulphate precipitation 60-80% (w/v) and
centrifuged at 10,000 g, suspended in a minimal
volume of buffer and then dialysed. The enzyme
solution was used in the following experiments.

Effect of pH on the activity and stability of the a-
amylase and protease

The effect of pH on the activity of the a-amylase and
protease was measured in the range of 4.0-11.0 [0.1
M citric acid buffer (4.0-6.0), 0.1 M Tris-HCI buffer
(6.0-9.0) and 0.1 M glycine-NaOH (9.0-11.0)] under
standard assay conditions. For the measurement of
the pH stability, both enzymes were preincubated in
buffers at different pH values in the range of 4.0-
11.0 at 55°C for 1 h. Aliquots were withdrawn and
the residual amylolytic and proteolytic activities
were determined under standard assay conditions.

Effect of temperature on the activity and stability of
the a-amylase and protease

The effects of temperature on the a-amylase and
protease activity was studied at temperatures from
30 to 90°C for 30 min in 0.1 M Tris-HCI buffer (pH
7.0) for a—amylase and 0.1 M glycine-NaOH buffer
(pH 10.0) for protease. The thermostability of the
partially purified enzymes was examined by
incubating the enzymes for 30 min at different
temperatures (60-80°C for amylase 45, 50 and 55°C
for protease). Aliquots were withdrawn to test the
remaining activity under standard conditions. The
unheated enzymes were considered as the control
(100%).

Effects of metal ions and enzyme inhibitors on the
o-amylase and protease activity

The effects of various inhibitors on the enzyme
activity were investigated by preincubating the
enzyme in the presence of substances with a final
concentration of 1.5 mM [Ca®*, Mn*, Cu®, Hg”,
ethylene diamine tetra acetic acid (EDTA) and
phenyl methyl sulfonyl fluoride (PMSF)] for 30 min
at the optimum temperatures, followed by measuring
the residual a-amylase and protease activity. The
activity in the absence of any additives was taken to
be 100%. The residual activity was measured using
the standard assay conditions.
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Statistical analysis

The results are represented as the mean £ SD of at
least 3 experiments. The Kruskal Wallis test was
done with the SPSS Statistical software, for
Windows.

Results and discussion

Time course of bacterial growth and enzyme
production

In this study, an isolate from hot spring water in
Agri, Turkey, were examined for their potential in
the co-production of a-amylase and protease. This is
the first report on the bacteria and their enzymes in
Davut hot water springs. The strain was Gram-
positive, spore-forming and rod-shape. According to
some biochemical and physiological tests and partial
16S rDNA sequence analysis, strain DV3 was
identified as a strain of B. licheniformis. The 16S
rRNA gene sequence was submitted to GenBank
under the accession number HQ864575. The results
of the time-course studies on the growth of B.
licheniformis DV3, and a-amylase and protease
production are shown in Fig. 1. The maximum
growth for B. licheniformis DV3 was obtained after
24 h of incubation. Similarly, the highest a-amylase
activity was found after 24 h of incubation (831
U/mL), after which amylase levels began to fall
down to minimal level at 48 h. Protease activity was
found to increased up to 36 h of incubation (898
U/mL), after which sharply decreased (Fig. 1).

0D {nmj)
i

4 B 12 1% 20 ) Fo n E 40 4 48

Time {howr)

Figure 1. Effect of time-course on bacterial growth and

co-production of a-amylase and protease
Results represent the means of three experiments, and bars indicate +
standard deviation. Absence of bars indicates that errors were smaller
than symbols
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Effect of the carbon and nitrogen sources on the a-
amylase and protease co-production

As shown in Fig. 2, the substrate for maximum
amylase production for B. licheniformis DV3 was
2% soluble starch (1650 U/mL), lactose (1102
U/mL), and fructose (1018 U/mL), compared to
control. It was also observed that soluble starch
(1534 U/mL), lactose (1110 U/mL), and sucrose
(922 U/mL) favored protease production.
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Figure 2. Effect of carbon sources on a-amylase and

protease production
Results represent the means of three experiments, and bars indicate +
standard deviation. Absence of bars indicates that errors were smaller
than symbols

In previous studies, Ul-Hagq et al. (2003) and Ray et
al. (2008) determined that the production of a-
amylase was increased in the presence of soluble
starch by B. licheniformis GCBU-8 and Bacillus
brevis MTCC 7521. Behal et al. (2006) reported that
the maximum o-amylase production was increased
by fructose. Fujiwara and Yamamamto (1987),
Kumar et al. (2013) and Nadeem et al. (2008) stated
that the best carbon sources was starch for protease
production. Mabrouk et al. (1999) also found that
the protease production was increased in the
presence of lactose. In our study, glucose and
galactose as a carbon source, reduced a-amylase and
protease to minimal level (Fig. 2). It is well known
that the synthesis of carbohydrate degrading
enzymes in most species of the genus Bacillus is
subjected to catabolic repression by glucose (Wind
et al., 1994; Asgher et al., 2007) and sucrose (Qader
et al., 2006).

Among the various organic and inorganic nitrogen
sources tested, while keeping the beef extract

concentration constant, urea and tryptone at a
concentration of 2% resulted in the maximum o-
amylase and protease production (Fig. 3). Casamino
acid and glycine none had any significant effect on
the amylase and protease production, and in fact,
ammonium salts had an inhibitory effect on the o.-
amylase and protease production, in agreement with
references (Saxena et al., 2007; Nadeem et al.,
2008).

2500 0O Amylase

2300 E Prolease

2100
1900
1700
1500
1300

1100

Amylase activity (UimL)

rrrrrrTrTTryrrrTrrrTr vy rrrrrrTd

ﬁllﬂl

Control  (NH4)2504 BL Ca Gly Try Urea
Hitrogen sources (%2)

Figure 3. Effect of nitrogen sources on a-amylase and

protease production
Results represent the means of three experiments, and bars indicate +
standard deviation. Absence of bars indicates that errors were smaller
than symbols

Biochemical properties of the partially purified
o-amylase and protease

Effect of pH on the activity and stability of the B.
licheniformis DV3 a-amylase and protease

The effect of pH on the a-amylase and protease
activity was studied using soluble starch as a
substrate at various pH values at 55°C for B.
licheniformis DV3. The pH activity profile of this
strain is shown in Fig. 4.

The optimum pH was found as 7.0 for a-amylase.
Hmidet et al. (2008) reported similar optimal pH
values of 6.0-6.5 and 5.0-7.0 for a-amylases from
B. licheniformis 44MB82-A and B. licheniformis
NRRL B14368, respectively. The optimum a-
amylase activity has been also determined at pH 7.0
for B. subtilis (Asgher et al., 2007) and Bacillus sp.
WN11 (Mamo and Gessesse, 1999) and 7.5 for B.
licheniformis (Rodriguez et al., 2006).
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Figure 4. Effect of pH on activity of a-amylase and

protease
Results represent the means of three experiments, and bars indicate +
standard deviation. Absence of bars indicates that errors were smaller
than symbols. The values are shown as percentages of the maximum
activity of enzyme

As can be seen in Figure 5, the a -amylase was
highly stable at pH 7.0 and retained the activity
about 100% and 83% at pH 8.0 after 30 min. Asodeh
et al. (2010) and Behal et al. (2006) also reported
that a-amylase was considerable stable at pH 7.0 for
Bacillus sp. This pH-stability profile makes them
interesting for their application in industrial
processes to be carried out at a pH range close to
neutrality.

W o Amylase

jw-—a Prolease

Remaining Activity (%)
Z

Figure 5. Effect of pH on stability of a-amylase and
protease

The optimum pH was found as 10.0 for protease.
Optimum pH value has been found also 10.0 for the
protease of Bacillus licheniformis MP1 and Bacillus
sp. BOO1 (Deng et al., 2010; Jellouli et al., 2011).
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Banik and Prakash (2004) and Beg and Gupta
(2003) reported an optimal pH activity of 10.5-11.0
for the protease of Bacillus cereus and Bacillus
mojavensis, respectively. The protease from DV3
strain was stable at pH range of 9.0-10.0 and enzyme
retained about 100% and 98% activity in the pH
range of 9.0-10.0, respectively (Fig. 5). Jellouli et
al. (2011) found stability at higher pH for alkaline
protease from Bacillus licheniformis MP1.

Therefore, enzyme stability at high pH compromises
their likely use as additives in washing detergents,
leather processing or other applications at higher pH.

Effect of temperature on the activity and stability of
o-amylase and protease

The amylolytic and proteolytic activities were
assayed at different temperatures using optimum
pHs. The a-amylase activity was tested within the
range of 30-90°C.

The optimum temperature for B. licheniformis DV3
a-amylases was found as 70°C (Fig. 6), which is
comparable to that described for other Bacillus a-
amylases (Bolton et al., 1997; Mamo and Gessesse,
1999; Malhotra et al., 2000; Cordeiro et al., 2002;
Najafi et al., 2005; Asgher et al., 2007; Arikan,
2008).
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Figure 6. Effect of temperature on activity of a-amylase
and protease

Moreover, it was determined that a-amylase from B.
licheniformis DV3 was stable at 60-75°C and
retained original activity at 98% within 30 min (Fig.

7).
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Figure 7. Effect of temperature on stability of a-amylase

Asodeh et al. (2010) stated that amylase was
comparatively stable at 75°C. The present study
showed that the enzyme seemed to have
considerable thermostability, which can be favorable
in industrial operations for traditional brewing and
food processing, particularly in industrial starch
liquefaction (Stamford et al., 2001; Liu and Xu,
2008).

The optimum temperature for B. licheniformis DV3
protease was 50°C (Fig. 6) and was highly stable and
about 98% active even after 30 min of incubation at
50°C (Fig. 8).
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Figure 8. Effect of temperature on stability of protease

The stability of this protease might be advantage for
using it in industrial applications such as laundry
detergents formulations. In  previous studies,
optimum temperatures were found to be 50°C for the
other Bacillus proteases (Mabrouk et al., 1999;
Banik and Prakash, 2004; Asker et al., 2013; Swati
and Satyanarayana, 2013; Annamalai et al., 2014).
Jellouli et al. (2011) found that alkaline-protease

from Bacillus licheniformis MP1 was also fully
active even after 2 h of incubation at 50°C.

Effects of the metal ions and enzyme inhibitors

The effect of different metal ions on the activity of
the a-amylase and protease are shown in Table 1.

Table 1. Effects of metal ions and inhibitors on the
amylolytic and proteolytic activity

Metal ions Residual Residual Activity

and inhibiors  Activity (%) (%)

(1,5 mM) of Amylase of Protease
ca’t 9+0.3 123+0.05
cu* 33+0.01 95+0.07
Hg®* 0 25+0.09
Mn?* 72+0.02 75+0.02
zZn* 66+0.01 122+0.02

EDTA 119+0.57 0
PMSF 0 0

*Residual activity was determined as percentage of control with no
additions

The o-amylase from B. licheniformis DV3 was
decreased by all of the chemicals and ions, except a
little increase with EDTA. The inhibition effect in
the presence of Ca®* show that the enzyme was a
member of calcium-independent amylases, in
agreement  with  previous studies in B.
thermooleovorans NP54 (Malhotra et al., 2000), B.
licheniformis NH1 (Hmidet et al., 2008), Bacillus
sp. WN11 (Mamo and Gessesse, 1999), and Bacillus
sp. KR-8104 (Asoodeh et al., 2010). Generally, Ca**
is added to stabilize a -amylases in liquefaction step
of starch process, after which Ca*" ions should be
removed by using some chromatographic methods
prior to the isomerization of glucose to fructose due
to the inhibitory effect of Ca®* ions on the glucose
isomerase (Hashida, 2000). This step is not required
for the Ca-independent a -amylase, and this is a
great advantage. In this way, the demand for Ca®
independent o -amylases are increasing for industrial
process.

In our study, the a -amylase activity was strongly
inhibited in the presence of Hg*, Cu*® and PMSF
for DV3 strain. The inhibition by Hg*" may indicate
the importance of indole amino acid residues in
enzyme function, as demonstrated for other
microbial a-amylases (Gupta et al., 2003).
Furthermore, Hg®" is known to oxidize indole rings
and to interact with the aromatic rings present in
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tryptophan residues (Sharma and Satyanarayana,
2011).

The B. licheniformis DV3 protease was activated by
Ca®* and Zn*, whereas Mn*? and Cu®* decreased the
activity. Stronger inhibitory effect was observed in
presence of Hg®*, EDTA and PMSF. In previous
studies, it was found that Ca** (Jellouli et al., 2011;
Asker et al., 2013; Benkiar et al., 2013; Annamalai
et al., 2014) and Zn* (Jellouli et al., 2011; Benkiaret
et al., 2013) stimulated the protease activity. EDTA
(Sellami-Kamoun et al., 2008; Deng et al., 2010)
fully inhibited the protease activity.
Metalloproteases need divalent cations for their
activities. The metalloproteases generally contain
Zn*" in their structure and chelators such as EDTA
inhibit enzyme activity which clearly indicates that
the alkaline protease belongs to the family
metalloprotease. Calcium cations known to be
stabilizers of many enzymes protect them from
conformational changes. In addition, Maruthiah et
al. (2013) and Benkiar et al. (2013) stated that
PMSF had strong inhibition effect for protease.
PMSF well-known inhibitors of serine proteases.
This suggested that a serine residue at least was
involved in the catalytic activity of the protease of
strain DV3. Due to serine proteases showing activity
and stability in alkaline conditions, they are of
importance in various industrial applications (Subba
Rao et al., 2008). This metallo-protease is also
commercially produced because of its economic
importance in some applications.

Conclusions

The strain DV3 was isolated from hot spring water
in Davut (Agri), Turkey and identified as B.
licheniformis. The strain DV3 has been found to be
able to secrete extra-cellular a-amylase and protease.
Optimum conditions of both two enzymes were
investigated. Both enzymes were found to be
produced by the strain to a great extent due to use of
cheap substrates such as starch, lactose, urea.
Moreover, this is a first report for co-production of
two enzymes which were stable at high temperature,
as well as a -amylase being calcium independent and
alkaline-metallo protease. These are known to be
important properties in industrial applications.
Neutral-thermostable amylase is important for starch

RESEARCH ARTICLE
liquefaction and food industries. In addition,
alkaline-metallo protease shows the potential use of
this enzyme in food and detergent industry. The
production process can be commercialized.
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