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Enzymes such as protease, occupies the pivotal position in the world of enzymes
with respect to their applications in both the physiological and commercial
applications. Bacillus like Bacillus licheniformis produce protease and was used
throughout the present study. The Bacillus licheniformis is a potential
microorganism for producing proteins with verities of functions including protease
with substantial activity and effective pH and temperature tolerance, at laboratory
and industrial scale. Herein effect of several temperature 25-50 °C, pH 7-10.5,
shaker’s speed 100-200 and furthermore inoculum concentration 3-12 %V/V on
enzyme production investigated. The medium cultivated at about pH (8.5),
temperature of 35 °C and gyratory speed of 180 rpm these parameters influenced
protease production. It was found that yeast extract, soybean meal corn and steep
liquor (powder), as nitrogen sources enhanced protease production. Cornstarch and
glucose of 3 %W/V was found to be effective as carbon source for protease
production. The protease stability was almost retained for 35 minutes heating at 60
°C and pH 8.5. Moreover, as heating continued at the same temperature and pH the
enzyme had 40% of its activity. The effect of metal ions types on the stability of
the partially purified protease is reported. It was found that the protease activity at
60 £ 0.5 °C, pH 9.5 and the presence of 15 mM CaCl2 and 10 mM NaCl during an
hour of treatment retained approximately 40 percent of its activity. A batch period
of 24 protease production showed similar proteases activity in comparison with 48
h operation thus the following fermentation conducted within 24 h. The partially
purified protease had sound stability in the alkaline pH of 9-9.5 and temperature
range of 60 +£0.5 °C in the presence of certain ions like calcium and sodium salt.

1. Introduction

Alkaline protease (EC 3.4. 21. 14) is one of the
most important groups of industrial enzymes,
which is exploited mainly in degradation of
large polypeptide substrates, such as exogenous
proteins into peptides and amino acids before
cellular utilization. Microbial protease is
classified into two major groups of, peptidase
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and proteins, which is based on their nature of
hydrolyses (Kennedy, 1987; Rao, et al.,1988).
The Bacillus genus is also industrially very
important for producing valuable proteins
differing in applications, and terms of pH and
temperature tolerance and in retaining optimal
activity. Bacillus licheniformis is a facultative
aerobic bacterium which is used in fermentation
industry for the production of extracellular
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enzymes such as alkaline proteases which are
widely used in, laundry detergents ( Outtrup &
Boyce, 1990; Fogart & Kelly, 2012) leather
processing (Malathi & Chakraborty,1991), food
industries (Jisha, et al., 2013;
Contesini,et.al.,2018;Johnvesly & Naik, 2001)
and other industries worldwide (Crueger&
Crueger, 1990). Further, alkaline protease may
be produced by various microorganisms like
yeast, molds, bacteria and other sources
including mammalian tissues, plants (like
papain, figs and bromelain) (Uyar & Baysal,
2004) and certain insects (Moreia, et. al., 2003).
Alkaline protease accounts for at least 25% of
the total enzyme sales, with two-third of the
commercially produced being of microbial
origin (Kalisz, 1988). Detergent chemicals used
for formulation of the medium mixture, which
have higher affinity for proteinaceous materials
are preferred by detergent and leather tanning
industries (Gerhartz,1988; Rao, et. al., 1988;
Godfrey & Reichet, 1982; Singh &Bajaj, 2017).
There is always a tendency to look for new
detergent compositions either for environmental
or energetic considerations to substitute new
bleaching systems for washing at lower cost. In
general,  microorganisms  employed  for
production of bulk chemicals such as protease
and amylase utilize complex carbon and
nitrogen sources in industrial  practice.
Production of bulk enzymes take place over a
long period and requires maintenance of high
cell mass concentration, and within this period
the cell growth should be kept minimal.

We used Bacillus licheniformis PTCC 1525 for
possible production of protease. It was desirable
to study the effect of several parameters such as
pH, temperature, nitrogen, carbon source and
concentration and shaker’s speed on the protease
production. Further effect of temperature, pH
and metal ions on the stability and activity of
partially purified protease studied. Further it was
found that glucose of (3 %W/V), nitrogen (yeast
extract, (2.5 W/V%), temperature (35 °C), pH
(8.5), shaker’s speed (180 rpm) had effective
influence on the protease production.
Furthermore, the effect of metal ions on the
stability of partially purified protease at

temperature 60 °C, pH 8.5 retains found to
resists its activity for 35 minutes. Moreover, the
stability of partially purified protease at the
presence of 15 mM CaCl2 and 10 mM NaCl and
heating at 60 °C which maintained its 40 % of
stability for an hour.

2. Materials and Methods
2.1 Microorganism and batch cultivation

Bacillus licheniformis PTCC 1525 was gifted
by Tehran MIRCEN, Iran, which was originally
isolated from soil of waste stream of a
detergent manufacturing company, and it was
identified according to Bergey's Manual of
Systematic Bacteriology (Garrity, et. al., 2011).
Stock culture of Bacillus licheniformis was
maintained at 4 oC on brain heart infusion agar
(BHIA) medium and subcultured every 2-3
weeks. The same medium (BHI A) used for
preparation of slant. A loop full (25 mm
diameter loop) of inoculants applied to cultivate
100 mL seed liquid culture at 35 oC (£ 1 oC).
About five milliliters of the seed culture
(V/V%) used to incubate 100 mL of production
culture. The production medium initially
consisted of soy meal (SM), glucose, peptone,
di-potassium hydrogen phosphate, sodium
carbonate, respectively. The final media
consisted of: in W/V%, glucose (3), yeast
extract (2.5), peptone (2), di-potassium
hydrogen phosphate (0.1), sodium carbonate
(1), CaCl2 (0.01), NaCl (0.1), MgSO4, FeSO4,
MnCI2, ZnCI2 of 0.005.Sodium carbonate (1)
and di-potassium hydrogen phosphate (0.1)
WI/V % sterilized separately and added to the
medium. In addition glucose sterilized
separately for 10 min at 100 °C and added
aseptically. The medium initial pH was
adjusted to about 8.5. Cultures after inoculation
were maintained at 35 °C + 1 °C and agitated at
180 rpm using a gyratory shaker (Clime-O-
Shack, Adolph-Kuhner Co. Germany).

2.2 Chemicals

Bacteriological peptone, skim milk agar, and
yeast extract was procured from Oxoid. Bovine
serum albumin (BSA), and soy meal were of
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analytical grade and purchased from Sigma
Alderich Chemical Co. Ltd., St., Louis, MO;
USA. Corn steep liquor (CSL), was gifted by
Glucosan Company Ltd., Qazwin-Iran, which
spray dried to form powder. Brain heart
infusion  (BHI)  broth, mineral salts,
trichloroacetic acid, tyrosine, casein, glucose,
starch, Hammersten casein, sodium
sesquicarbonate,  di-potassium  hydrogen
phosphate, sodium carbonate, and maltose
were Merck made.

2.3 Analytical methods

2.3.1 Proteolytic activity determination

The initial proteolytic activity of partially
purified enzyme determined by applying skim
milk agar and the medium pH was maintained at
about 8.5 using 0.1 M sodium sesquicarbonate
buffer. The pettry dish maintained at 30 °C (+ 1
°C) for 48 h. A distinct clear zone on agar
containing casein was observed. Proteolytic
activity determined using modified method of
Kunitz (1947). The enzyme solution of 0.1 mL
mixed with 2 mL of 0.5% Hammersten casein
solution at 40 °C for 10 min., and 4 mL of
trichloroacetic acid (TCA) solution was added to
the reaction mixture. The mixture was further
incubated at 40 °C for 20 min and filtered
through filter paper (Whatman No.1). The
optical density at 280 A nm measured in a silica
cuvette with 1-cm path length using Unicom
8620 UV/VIS spectrophotometer. One unit of
the protease activity defined as the amount of
the enzyme that produced trichloroacetic acid,
soluble materials equivalent to 1 umole of
tyrosine from casein per minute under the
defined assay conditions (Suaifan, et. al., 2017).

2.3.2 Protein determination

Protein concentration of the enzyme sample
was estimated by Lowry's method (Lowry et. al.,
1951) using bovine serum albumin (BSA) as
standard. A calibration chart was constructed
and used.

2.3.3 Partial purification of protease enzyme

A protease is generally concentrated by
precipitating with salt or solvents, partially
purified protease obtained using different
solvent like ethanol, acetone, iso-proponal at
various concentrations (Horkoshi, K., 1971;
Bhosle, et. al., 1995; Gray, 1993). Since alcohol
precipitation is an exothermic reaction (Rose, A.
H., 1980). The 50 mL of the cell free
supernatant of temperature 4 £ 0.2 °C added to
organic solvents like, acetone, ethanol and
isopropanol (-10 °C alcohols) at various
concentrations in a cold room appropriately.
After alcohol fractionation, the precipitated was
separated by centrifugation (10000 g for 10 min
at 4 £ 0.2 °C). The precipitate immediately
recovered in aqueous medium and dissolved in
0.1 mM phosphate buffer of 4 £ 0.2 °C and used.
It was found treatment with acetone (1: 4% v/v)
resulted in enzyme of higher activity, however,
during fractional purification (1:1% v/v) cell
free supernatant and acetone was used to get
more partially purified protease.

2.4 Reproducibility:

The experiments were carried out in triplicate
and the average values were reported.

3. Results and discussion

The Bacillus licheniformis PTCC 1525
originally isolated from soil of waste stream of a
detergent producing factory. The organism is
aerobic and cultivated in the pH range of 7-8.5
and was found to grow optimally about 8.5. The
enzyme was found to be stable at incubated
temperature of 35 °C in the pH range of 7-8.5 for
6 h.

3.1 Effect of carbon and nitrogen sources and
inoculum  concentrations on  protease
production

3.1.1 Carbon source
Effect of cornstarch and glucose concentration

from 1-5 % W/V as carbon sources on protease
production investigated within 48 h. It was
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found 3 %W/V glucose resulted (Fig 1) in
higher enzyme activity. Figure 1 showed that
glucose has more influence on the protease
production than cornstarch that may be easier
metabolized than corn starch. The result of the
present study is on similar trend with the sighted
result of Fujiwara (Payne, J, W. 1980).
However, Frankena & Yamamoto (1987) used

18¢g L1 glucose in the cultivating medium of
Bacillus licheniformis producing protease.
Certain published papers (Gerhartz, 1988;
Frankena, etal., 1985; Glenn, A.R.(1976);
Ingram, et. al. 1983; Razak, et. al., 1994)
depicted that the protease production was
repressed at the presence of glucose, such results
contradict the finding of the present work. In the
industrial scale of protease production glucose is
preferred as the carbon source, and has a strong
effect on the carbon catabolite control (Fujita,
2009). In the presence of glucose, repressive
genes encoding occurs for enzymes that are
responsible for carbon recruitment like proteases
(Wiegand et al., 2013). Therefore, large scale
production of protease is a combination of batch
and as the glucose is depleted the operation is
switched to defined glucose concentration flow
rate in fed batch mode using Stirred Tank
Bioreactor.
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Figure 1. Effect of glucose and corn starch on protease
production.

3.1.2  Nitrogen source

The nitrogen is metabolized to produce nucleic acids,
primarily amino acids, proteins and cellular components.
Alkaline protease is comprised of 8-15.6 % nitrogen

(Gassesse & Gashe, 1997; Bhunia & Basak, 2012).
Production of protease depends on the presence of
nitrogen and carbon sources and concentration in the
medium (Anustrup & Andersen, 1974). Deficiency or
excess of nitrogen may cause repression of synthesis of
protease by prokaryotes and synthesis of protease is
affected at low nitrogen strength. The effect of complex
organic compounds including: yeast extract, corn steep
liquor (powder), and soya meal on enzyme production
investigated. Effect of, YE, SM and CSL concentration 1-
2.5 % w/v on the enzyme production within 48 h of
fermentation was examined individually. It was found that
2.5 % wiv dry weight of CSL has sound effect on enzyme
production. (Fig. 2) revealed that 2.5 % w/v yeast extract
resulted in higher enzyme production. However, the
enhancement of protease production using yeast extract
may be due to presence of vitamin B group (as promoting
growth), amino acids, carbohydrates, minerals, vitamins
and other essential nutrients for cell growth to synthesis
enzymes such as protease and amylase. In addition,
substantial production of protease using complex nitrogen
sources such as, CSL and SM, may be due to release of
cells of many biosynthetic materials, resulting in efficient
growth and enzyme synthesis (Bhosle, et. al., 1995;
Kole,et.al.,1988; Ferrari, et., al., 1993; Dunn,G.M.,1985).
Further, the two complex organic nitrogen sources used
like soya meal and corn steep liquor (in powder form)
influence is due to nitrogenous material like vitamins,
minerals, which effect enzyme production.
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Figure 2. Effect of corn steep liquor powder, yeast extract and
soya extract concentration on protease production.

3.1.3 Effect of inoculum

To achieve a high concentration of enzyme in
a limited defined volume the inoculum size
should be properly determined. Herein, the
culture was inoculated with preculture media in
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the range of 3 — 12 % V/V having cell density of
10’CFU mL™. Stock cultures of the present
strain maintained at about 4°C using brain heart
infusion agar and pH being maintained at 9.5
with addition of 0.1 M sodium sesquicarbonate
buffer. The same medium used to prepare
preculture and the result (Fig 3) was presented.
It was observed as the inoculums size increased
from 3 to 5 % V/V, protease production
increased. Furthermore by increasing inoculums
concentration more than 5 percent, gradually to
10 % V/V the protease production decreased. It
might be due to higher consumption of nutrients
by large population of Bacillus lichneiformis in
initial phase of log phase resulting in lack of
nutrients to be available during the rest of the
logarithmic phase. Higher concentration of
inoculum usually does not contribute to higher
production of protease, which address proper
optimization based on the bacterial condition is a
work horse of a new species. The finding of
(Mabrouk, et.al., 1999) also support the present
results.
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Figure 3. Effect of inoculum concentration on protease
production.

3.1.4 Effect of temperature

In the present study, effect of various
temperature on protease production from 25 to
50 °C during batch cultivation examined. The

result (Fig 4) exhibited that the enzyme
production increased as the temperature
increased from 25 to about 35 ° C (x 0.5 °C).
Further, it was observed that by increasing the
medium temperature above 37 °C the enzyme
production relatively ceased and Ferero, et.al.
(1996) found similar results.
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Figure 4. Effect of temperature on protease production.

3.1.5 Effect of pH

The effect of pH on protease that substantially
affect many enzymatic processes and
transportation of several components across the
cell membrane, herein investigated in the range
of 7-10.5. The medium pH adjusted with
addition of 0.1 M sodium sesquicarbonate and as
required by NaOH and sodium carbonate in
solution. It was indicated (Fig 5) that as pH
increased from 7 to 8.5 the protease production
gradually increased, however, further increasing
in pH of the medium had adverse effect on
protease production. A similar result was
reported by (Haki, & Rakshit, 2003).
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Figure 5. Effect of initial pH on protease production

3.1.6 Effect of shaker’s speed

The effect of shaker’s speed on protease
production studied in the range of 100-200 rpm
and the result (Fig 6) was presented. It was
observed that as the shaker’s speed increased
from 120 to 180 rpm the enzyme production also
increased. Further increase in shaker’s speed had
meager effect on protease production. Moreover,
higher shaker speed contributes in severe mixing
and aeration, resulting in lower protease
production, which might be due to inhibiting
effect of oxygen concentration and rapid
consumption of substrates in early stage of
logarithmic phase resulting in shortage of
nutrients in the remaining cycle that contribute
to surface to volume ratio and consequently in
3.2 Effect of temperature on the partially
purified protease stability

The result (Fig 7) revealed that the optimum
temperature range for the partially purified
enzyme stability in medium of pH: 8.5 incubated
at about 60 °C for 30, 45 min and an hour was
about 100, 65 and 40%, respectively. The result
of the present study corresponded with the
reported results in (Manachi & Fortina, 1998).
The partially purified protease was incubated for
1 h at about 60 °C and added certain salts ions
and at pH: 9.5 that retained about 40% of its
original activity. Moreover, the protease mixture
retained about 4% and not detectable of its
original activity after 90 and 120 minutes of
incubation, respectively.

the productivity drop. The effect of agitation on
protease described by Nascimento & Janssen
(2004) found a similar trend. It appears higher
agitation reflect on more aeration and resulting
in relatively high dissolved oxygen in the
fermentative batch medium that may not bring
about increase in protease production, and
hampers the structure of enzyme. However, at
low agitation- aeration rate could result in
reduction of protease vyields. Therefore,
optimized agitation- aeration is required for
aerobic spices to reach proper growth and
protease production.
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Figure 6. Effect shaker’s rotation on protease production
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Figure 7. Effect temperature on the stability of the partially
purified protease.
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3.3 Effect of pH on the partially purified
protease stability

The effect of pH on activity of partially purified
protease investigated in the range of 7-12 for 1 h
at 60 °C. (Fig 8) illustrated that the optimum pH
for the enzyme activity was about 8.5. The
protease activity was almost retained for 35
minutes heating at 60 °C and pH 8.5. Moreover,
as heating continued in span of 1 h the protease
activity decreased to 40% at about pH 8.5. The
present findings were in accordance with several
earlier reports (Moreia, et.al., 2003; Hameed, et.,
al.,1996; Tang, et., al.; Gupta, et., al.,1999).
Furthermore, as the enzyme mixture incubated at
various intervals in the pH range of 11-12 at 60
°C, lost its stability in few minutes.

Enzyma activity , (U/mL)
o
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Figure 8. Effect of pH on the stability of the partially purified
protease.

3.4 Effect of metal ions on protease stability

The effect of metal ions on the protease
stability was shown in (Table 1). It was observed

at the presence of 15 mM ca?t and
approximately 10 mM Na the protease treated at
about pH 9.5, temperature 60 °C during 1 h
retained 40 % of its activity, which was higher
than the control. Further, we understood that the
protease of the present study was stabilized by
calcium ions and similar result are available in
literature (Takami, et.al., 1989, Stoner, et.al.,
2004). Stabilization of enzymes by metal ions at

high temperatures is through metal ion
compellation, which is a process with a favorable
entropy factor. This is because water previously
bounded to the hydrated metal ion in the solution
is liberated when the metal ion becomes bound to
the protein. Thus, the process is favored at higher
temperatures approximately 60 °C. A number of
enzymes require metal ions, like calcium ions, to
maintain their stable and active structures. These
ions bound strongly to specific binding sites on
the surface of the molecules.

Table 1. Effect of metal ions on the stability of partially
purified protease activity

Metal ions Concentration Enzyme activity,
(mM) UmL?
Reference
------ 225
1 276
Ca?* 5 280.5
10 287.5
15 297
1 274
o 5 276
Mg 10 270
50 260
1 274
K* 5 270
10 259
1 276
zn? 5 274
10 258
1 273
Mn?* 5 262.5
10 252
1 275
. 5 280
Na 75 284
10 285

The binding sites are usually constructed from
negatively charged carboxylate side-chain groups
of aspartyl and glutamyle residues, brought
together by folding of the polypeptide chain.
Dissociation constants for the binding are low (of
the order of 103 to 10 ® M) in the case of E+ Ca?

4_
— E - Ca? representing very strong binding
that take place at low calcium ion concentrations.
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This phenomenon supports our results. (Ghorbel-
Frikha, et., al.,2005). As can be seen from the
above equation, the situation is similar to that of
enzyme-substrate complexes. The metal ions
bridge cross-link the polypeptide chain and the
enzyme-calcium ion complex should, therefore,
be more rigid and hence more stable. The
bridging by metal ions in this way is compared to
that brought about by disulfide formation. In the
absence of calcium ions, the binding site would
represent a high local concentration of negative
charges. The tendency of these groups to move
apart to reduce the repulsive electrostatic
interaction would contribute to the relative
instability of the folded protein. (Voordouw et.
al., 2017, Eijsink et. al., 2011). The stability of
such protease under defined concentration like 1
mM CaCl2.2H20 when added as a metal ion
could preserve its stability as reported by (Dong,
et. al.,1999). The present partially purified
protease stability was examined at the presence of
CaCl,.2H20 and NaCl and was found effective.

4. Conclusions

It was thought desirable to find the possibilities
of production of protease by a Bacillus
licheniformis PTCC 1525 that was earlier isolate
from a wastewater stream of detergent producing
factory located | Qazwin-Iran. The optimum
condition range for protease production using the
same Bacillus licheniformis was found at pH: 8.5
(£ 0.2), 35 £ 0.5 °C and shaker’s speed of 150
rpm. Higher protease production was achieved
using 2.5 %w/v yeast extract; however, two more
sources were examined. Moreover, protease
production was improved using 3% wi/v starch.

A batch period of 24 and in continuation to 48 h
performed and was observed that 24 h
fermentation could be used for the protease
production. The partially purified protease had
sound stability in the alkaline pH of 9-9.5 and
temperature range of 60 +0.5 °C in the presence
of certain ions like calcium and salt. Low
concentration of calcium ions and salt has

considerable influence on the stability partially
purified protease. It would be more viable to use
such a crude culture for tanning than proceeding
further to produce pure protease. For scale-up
purposes batch and fed batch mode of operation
are necessary to be performed to understand the
effect of range of variables and acquire data to
select appropriate fermenter.

Conflict of interest

The authors declare that there is no conflict of
interest.

Acknowledgment

This work was in part financially supported by
Iranian Research Organization for Science and
Technology.

Ethical approval

This manuscript does not contain any studies
with human participants or animals performed by
any of the authors.

Open access

This article distributed under the terms of the
Creative Commons Attribution License which
permits unrestricted use, distribution, and
reproduction in any medium, provided the
original work is properly cited.

References

[1] Kennedy J. F. (1987) Enzyme Technology In:
Biotechnology Rehm HJ, & Reed G eds. edited by Kennedy
J. F., VCH Publishers, F. R. Germany, 7a, 37-162.

[2] Rao, M. B., Tanksale, A. M., Ghatge, M. S., &
Deshpande, V. V. (1998). Molecular and biotechnological
aspects of microbial proteases. Microbiology and
Molecular  Biology Reviews, 62(3), 597-635. doi:
10.1007/s12010-017-2427-2.

[3] Outtrup, H., & Boyce, C. O. L. (1990). Microbial
proteinases and biotechnology. In Microbial Enzymes and
Biotechnology (pp. 227-254). Springer, Dordrecht.

[4] Fogarty, W. M. & Kelly, C. T. (Eds.). (2012). Microbial
Enzymes and Biotechnology. Springer Science & Business
Media.

[5] Malathi, S., & Chakraborty, R. (1991). Production of
alkaline protease by a new Aspergillus flavus isolate under


https://pubmed.ncbi.nlm.nih.gov/?term=Eijsink%20V%5BAuthor%5D

19 Kh. Rostami et al. / Microbiology, Metabolites and Biotechnology 5 (2022) 12-22

solid-substrate fermentation conditions for use as a
depilation agent. Applied and Environmental
Microbiology, 57(3), 712-716. doi:

0rg/10.1128/aem.57.3.712-716.1991

[6] Jisha, V. N., Smitha, R. B., Pradeep, S., Sreedevi, S.,
Unni, K. N., Sajith, S., Priji, P., Josh, M. S., & Benjaminn,
S. (2013). Versatility of microbial proteases Advances in
Enzyme Research, 1 (3), 39-51.
doi: 10.4236/aer.2013.13005

[7] Contesini, F. J., Melo, R. R. D., & Sato, H. H. (2018).
An overview of Bacillus proteases: from production to
application. Critical Reviews in Biotechnology, 38(3), 321-
334. doi: 0rg/10.1080/07388551.2017.1354354

[8] Johnvesly, B., & Naik, G. R. (2001). Studies on
production of thermostable alkaline protease from
thermophilic and alkaliphilic Bacillus sp. JB-99 in a
chemically defined medium. Process Biochemistry, 37(2),
139-144. doi: org/10.1016/S0032-9592(01)00191-1

[9] Crueger W, Crueger A. (1990) In: Biotechnology: A
Textbook for Industrial Microbiology 2nd ed. Science
Tech. Publishers, 203-205.

[10] Uyar, F., & Baysal, Z. (2004). Production and
optimization of process parameters for alkaline protease
production by a newly isolated Bacillus sp. under solid state
fermentation. Process Biochemistry, 39(12), 1893-1898.
doi: 0rg/10.1016/j.prochio.2003.09.016

[11] Moreira, K. A., Porto, T. S., Teixeira, M. F. S., Porto,
A. L. F., & Lima Filho, J. L. (2003). New alkaline protease
from Nocardiopsis sp.: partial purification and
characterization. Process Biochemistry, 39(1), 67-72. doi:
0rg/10.1016/S0032-9592(02)00312-6

[12] Kalisz, H. M. (1988). Microbial Proteinases. Enzyme
studies, 1-65.

[13] Gerhartz, W. (1990). Enzymes in industry: production
and applications. VVch Verlagsgesellschaft mbH. 108-117.
[14] Rao, M. B., Tanksale, A. M., Ghatge, M. S., &
Deshpande, V. V. (1998). Molecular and biotechnological
aspects of microbial proteases. Microbiology and
Molecular ~ Biology  Reviews, 62, 597—  635.
doi: 10.1128/mmbr.62.3.597-635.1998

[15] Godfrey, T., & Reichelt, J. (1982). Industrial
enzymology: the application of enzymes in industry.

[16] Vos, P., Garrity, G., Jones, D., Krieg, N. R., Ludwig,
W., Rainey, F. A., Schleifer, K. H. & Whitman, W. B.
(Eds.). (2011). Bergey's manual of systematic bacteriology:
Volume 3: The Firmicutes (Vol. 3). Springer Science &
Business Media. doi: 10:1007/b92997

[17] Singh, S., & Bajaj, B. K. (2017). Potential application
spectrum of microbial proteases for clean and green

industrial production. Energy, Ecology and
Environment, 2(6), 370-386. doi: 10.1007/s40974-017-
0076-5

[18] Kunitz, M. (1947). Crystalline soybean trypsin
inhibitor: 11. General properties. The Journal of General
Physiology, 30(4), 291-310.

[19] Lowry, O. H., Rosebrough, N. J., Farr AL, & Randall,
R. J. (1951) Protein measurement with the Folin phenol
reagent. Journal of Biological Chemistry. 193: 265-275.
[20] Suaifan GA, Alhogail S, & Zourob M. (2017). Rapid
and low-cost biosensor for the detection of Staphylococcus
aureus..Biosensor Bioelectronic. 15 (90):230-237. doi:
10.1016/j.bi0s.2016.11.047. Epub 2016 Nov 21

[21] Horikoshi, K. (1971). Production of alkaline enzymes
by alkalophilic microorganisms: Part 1. Alkaline protease
produced by bacillus no. 221. Agricultural and Biological
Chemistry, 35(9), 1407-1414.

[22] Bhosale, S. H., Rao, M. B., Deshpande, V. V., &
Srinivasan, M. C. (1995). Thermostability of high-activity
alkaline protease from Conidiobolus coronatus (NCL 86.8.
20). Enzyme and Microbial Technology, 17(2), 136-139.
doi: 0rg/10.1016/0141-0229(94)00045-S

[23] Gray, C. J. (1993). Stabilization of enzymes with
soluble additives. Thermostability Enzymes, 8, 124-143

[24] Rose, A. H. (1980). Economic Microbiology:
Microbial Enzymes and Bioconversion. Academic Press
Inc. London, 5(144), 50-112

[25] Payne, J. W. (1980). Microorganisms and Nitrogen
Sources: Transport and Utilization of Amino Acids,
Peptides, Proteins, and Related Substrates. John Wiley &
Sons.

[26] Fujiwara, N., & Yamamoto, K. (1987). Production of
alkaline protease in a low-cost medium by alkalophilic
Bacillus sp. and properties of the enzyme. Journal of
Fermentation Technology, 65(3), 345-348. doi:
0rg/10.1016/0385-6380(87)90098-7

[27] Frankena, J., van Verseveld, H. W., & Stouthamer, A.
H. (1985). A continuous culture study of the bioenergetic
aspects of growth and production of exocellular protease in
Bacillus licheniformis. Applied  Microbiology  and
Biotechnology, 22(3), 169-176. doi:
0rg/10.1007/BF00253604

[28] Glenn, A. R. (1976). Production of extracellular
proteins by bacteria. Annual Review of Microbiology, 30(1),
41-62. doi: org/10.1146/annurev.mi.30.100176.000353

[29] Ingram, E., Holland, K. T., Gowland, G., & Cunliffe,
W. J. (1983). Studies of the extracellular proteolytic activity
produced by Propionibacterium acnes. Journal of Applied
Bacteriology, 54(2), 263-271. doi: org/10.1111/j.1365-
2672.1983.th02616.x

[30] Razak, N. A., Samad, M. Y. A,, Basri, M., Yunus, W.
M. Z. W. Ampon, K. & Salleh, A. B. (1994).
Thermostable  extracellular  protease  of  Bacillus
stearothermophilus: factors affecting its production. World
Journal of Microbiology and Biotechnology, 10(3), 260-
263. doi: org/10.1007/BF00414858


https://doi:%20org/10.1128/aem.57.3.712-716.1991
https://doi:%20org/10.1128/aem.57.3.712-716.1991
http://dx.doi.org/10.4236/aer.2013.13005
https://doi/
https://doi.org/10.1128%2Fmmbr.62.3.597-635.1998
https://pubmed.ncbi.nlm.nih.gov/27914366/
https://pubmed.ncbi.nlm.nih.gov/27914366/
https://pubmed.ncbi.nlm.nih.gov/27914366/
https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=J.+W.+Payne&text=J.+W.+Payne&sort=relevancerank&search-alias=books
https://doi.org/10.1111/j.1365-2672.1983.tb02616.x
https://doi.org/10.1111/j.1365-2672.1983.tb02616.x

Kh. Rostami et al. / Microbiology, Metabolites and Biotechnology 5 (2022) 12-22 20

[31] Fujita, Y. (2009). Carbon catabolite control of the
metabolic network in Bacillus subtilis. Bioscience,
Biotechnology, and Biochemistry, 73 (2), 245-59.
http://doi.org/10.1271/bbb.80479

[32] Wiegand, S., Voigt, B., Albrecht, D., Bongaerts, J.,
Evers, S., Hecker, M., & Liesegang, H. (2013).
Fermentation stage-dependent adaptations of Bacillus
licheniformis during enzyme production. Microbial Cell
Factories, 12, 120. http://doi.org/10.1186/1475-2859-12-
120

[33] Gessesse, A., & Gashe, B. A. (1997). Production of
alkaline protease by an alkaliphilic bacteria isolated from
an alkaline soda lake. Biotechnology Letters, 19(5), 479-
481. doi.org/10.1023/A:1018308513853

[34] Bhunia, B., Basak, B., & Dey, A. (2012). A review on
production of serine alkaline protease by Bacillus
spp. Journal of Biochemical Technology, 3(4), 448-457.
[35] Aunstrup K, Farum, Andersen O. (1974) Patent
Number US 3, 827, 933.

[36] Kole, M. M., Draper, I., & Gerson, D. F. (1988).
Production of protease by Bacillus subtilis using
simultaneous control of glucose and ammonium
concentrations. Journal of Chemical Technology &
Biotechnology, 41(3), 197-206. doi:
0rg/10.1002/jctb.280410305

[37] Ferrari, E., Jarnagin, A. S., & Schmidt, B. F. (1993).
Commercial production of extracellular enzymes. Bacillus
subtilis and other gram-positive bacteria: Biochemistry,
physiology, and molecular genetics, 917-937. doi:
0rg/10.1128/9781555818388.ch62

[38] Dunn GM. (1985). Nutritional requirements of
microorganisms in Comprehensive Biotechnology, ed., by
Young M.M, Pergamon Press, 1. 113-126.

[39] Mabrouk, S.S., Hashem, A.M., El-Shayeb, N.M.A,,
Ismail, A.M.S., & Abdel-Fattah, A. F. (1999) Optimization
of  alkaline  protease  productivity by Bacillus
licheniformis ATCC21415. Bioresource

Technology. 69:155-159. doi: 10.1016/S0960-
8524(98)00165-5.

[40] Ferrero, M. A., Castro, G. R., Abate, C. M., Baigori,
M. D., & Sineriz, F. (1996). Thermostable alkaline
proteases of Bacillus licheniformis MIR 29: isolation,
production and characterization. Applied Microbiology and
Biotechnology, 45(3), 327-332. doi:
0rg/10.1007/s002530050691

[41] Haki, G. D., & Rakshit, S. K. (2003). Developments
in industrially important thermostable enzymes: a
review. Bioresource  Technology, 89(1), 17-34. doi:
0rg/10.1016/S0960-8524(03)00033-6

[42] Nascimento, W. C. A. D., & Martins, M. L. L. (2004).
Production and properties of an extracellular protease from

thermophilic ~ Bacillus  sp. Brazilian ~ Journal  of
Microbiology, 35, 91-96. doi: 10.1590/S1517-
83822004000100015.

[43] Sharma, A., Rao, C. L. S. N,, Ball, B. K., & Hasija, S.
K. (1996). Characteristics of extracellular proteases
produced by Bacillus laterosporus and Flavobacterium sp.
isolated from gelatin factory effluents. World Journal of
Microbiology and Biotechnology, 12(6), 615-617. doi:
0rg/10.1007/BF00327724

[44] Manachini, P. L., & Fortina, M. G. (1998). Production
in sea-water of thermostable alkaline proteases by a
halotolerant strain of Bacillus licheniformis. Biotechnology
Letters, 20(6), 565-568. doi:
0rg/10.1023/A:1005349728182

[45] Hameed, A., Natt, M. A, & Evans, C. S. (1996).
Production of alkaline protease by a new Bacillus subtilis
isolate for use as a bating enzyme in leather treatment.
World Journal of Microbiology and Biotechnology, 12(3),
289-291. doi: 0rg/10.1007/BF00360930

[46] Tang, X. M., Lakay, F. M., Shen, W., Shao, W. L.,
Fang, H. Y., Prior, B. A., Wang, Z.X. & Zhuge, J. (2004).
Purification and characterisation of an alkaline protease
used in tannery industry from Bacillus
licheniformis. Biotechnology Letters, 26(18), 1421-1424.
doi: org/10.1023/B:BILE.0000045642.19299.3f

[47] Gupta, R., Gupta, K., Saxena, R. K., & Khan, S.
(1999). Bleach-stable, alkaline protease from Bacillus
sp. Biotechnology Letters, 21(2), 135-138.
doi.org/10.1023/A:1005478117918

[48] Takami, H., Akiba, T., & Horikoshi, K. (1989).
Production of extremely thermostable alkaline protease
from Bacillus sp. no. AH-101. Applied Microbiology and
Biotechnology, 30(2), 120-124.
doi.org/10.1007/BF00263997

[49] Ghorbel-Frikha, B., Sellami-Kamoun, A., Fakhfakh,
N., Haddar, A., Manni, L., & Nasri, M. (2005). Production
and purification of a calcium-dependent protease from
Bacillus cereus BGL1. Journal of Industrial Microbiology
and Biotechnology, 32(5), 186-194. Doi:
.0rg/10.1007/s10295-005-0228-z

[50] Stoner, M. R., Dale, D. A., Gualfetti, P. J., Becker, T.,
Manning, M. C., Carpenter, J. F., & Randolph, T. W.
(2004). Protease autolysis in heavy-duty liquid detergent
formulations: effects of thermodynamic stabilizers and
protease inhibitors. Enzyme and Microbial
Technology, 34(2), 114-125.
doi:org/10.1016/j.enzmictec.2003.09.008

[51] Voorddoun,, G., Miio., C.,& Roche, R.S.(1974) Role
of bound calcium ions in thermostable, proteolytic

enzymes. Separation of intrinsic and calcium ion
contributions to  the kinetic thermal stability.
Biochemistry. 1976, 15, 17, 3716-3724

https://doi.org/10.1021/bi00662a012

[52] Eijsink,,VGH,,Matthews, BW, & Vriend, G.. (2011).
The role of calcium ions in the stability and instability of a
thermolysin-like protease Protein Science. 20 (8): 1346—
1355. doi: 10.1002/pro.670


http://doi.org/10.1271/bbb.80479
https://doi.org/10.1128/9781555818388.ch62
https://doi.org/10.1128/9781555818388.ch62
https://doi.org/10.1021/bi00662a012
https://pubmed.ncbi.nlm.nih.gov/?term=Eijsink%20V%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Matthews%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Vriend%20G%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3189520/
https://doi.org/10.1002%2Fpro.670

21 Kh. Rostami et al. / Microbiology, Metabolites and Biotechnology 5 (2022) 12-22

[53] Dong, H., Gao, S., Han, S. P., & Cao, S. G. (1999).
Purification and characterization of a Pseudomonas sp.
lipase and its properties in non-aqueous
media. Biotechnology and Applied Biochemistry, 30(3),
251-256. doi: 0rg/10.1111/j.1470-8744.1999.tb00778.x



