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The microbial L-asparaginase has been extensively investigated by many microbiologists and
biotechnologists because it has a great significance in cancer therapy and nourishment industry, but
production of this enzyme in high stability and good immunological properties from novel sources such
as thermophiles is currently attracting concern. The current paper discusses the isolation of thermo
tolerant bacteria from compost, able to produce L- asparaginase in considerable amounts. Among
seventy-six thermo tolerant bacteria, only thirteen isolates could produce L-asparaginase at 50°C.
Bacillus sp. WF67 had the highest L-asparaginase productivity, so it was identified based on Bergey’s
®
Manual of Systematic Bacteriology and also by 16S rRNA gene analysis. Studies of media optimization
have also been conducted for optimal L- asparaginase production by Bacillus sp. WF67. Results
9
manifested that the optimal inoculum size of 2.7×10 CFU/flask produced the highest L- asparaginase
activity (11.82 U/ml) and specific activity (6.235 U/mg protein) through the submerged fermentation of
the modified Czapek-Dox's medium; pH 6.5 amended by L-asparagine (5.0 g/L) as enzyme inducer,
glucose (2.0 g/L) and ammonium chloride (1.0 g/L) as carbon and nitrogen sources respectively, for 36 h
of incubation at 50°C.
Keywords: Thermotolerant bacteria, Bacillus, L-asparaginase, media optimization.

INTRODUCTION
L-asparaginases (EC 3.5.1.1) are the
enzymes that precisely transform L-asparagine
into aspartic acid and ammonia. L-asparaginases
are used in pharmaceutical industries as an
antitumor agent for cancer treatment especially
the Acute Lymphoblastic Leukemia (ALL) in
integration with other medications (Verma et al.,
2007). L-asparaginases also are utilized in starchy
food industries such as snacks and biscuits to
reduce the carcinogenic acrylamide formation
(Cachumba et al., 2016). Several microorganisms
are remarkable producers of L-asparaginase,

because of the easy culturing, the available
industrial scaling up and the convenience of
extraction and purification (El-Naggar et al.,
2015). L-asparaginase occurs naturally in
bacteria, fungi, and some animal tissues, but
absent in humans (El-Bessoumy et al., 2004). It
has been produced by various bacterial strains
like E. coli (Derst et al., 1994), Erwinia carotovora
(Melik-Nubarov et al., 2017), Bacillus sp. (Erva et
al., 2018; Fisher and Wray, 2002), Pseudomonas
sp. (Sindhu and Manonmani, 2018) and Vibrio
cholera (Radha et al., 2018).
Numerous studies have been carried out to
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enhance the culture conditions for L-asparaginase
production by changing the growth parameters
such as the inoculum size, medium pH,
fermentation time, incubation temperature, Lasparagine concentration, carbon and nitrogen
sources that majorly impact on L-asparaginase
production. It has been noticed that these
parameters vary depending on the enzyme source
(Duval et al., 2002). Thermophilic bacteria
adaptively live at relatively high temperatures (4580°C). They are characteristic to produce
thermostable enzymes with exceptional stability
and prolonged shelf-life (Niehaus et al., 1999).
The purpose of the present study was to optimize
the culture media for considerable L-asparaginase
production by thermo-tolerant bacterial isolate.
MATERIALS AND METHODS
Sample collection
Twenty-one compost samples were collected
in sterile sampling bags from different sites at
Beni-Suef governorate, Egypt. The collected
samples were preserved in ice tanks and
transferred immediately through one hour into the
laboratory.
Thermophilic bacteria isolation
Compost samples were sieved through a
sieve of 2.0 mm pore diameter, dried at room
temperature overnight. Ten grams of each
compost sample were suspended in 100 mL of a
sterile distilled water and shook in a shaking
incubator (J.P. Selecta, Barcelona, Spain) at 60°C
and 160 rpm for 30 min. to eliminate the nonspore forming bacteria (Mora et al., 1998). The
compost suspensions were left to settle down,
and then serially diluted to seven folds using a
sterile saline solution (0.85%). The nutrient agar
medium of pH 7.0 was inoculated and incubated
at a temperature range between 50°C and 60°C
for five days (Fujio and Kume, 1991). The
thermophilic bacterial isolates were purified,
coded and stored in nutrient agar slants for further
objectives.
Screening
for
bacterial
L-asparaginase
production
There are two techniques for investigation of Lasparaginase production; Qualitative methods and
Quantitative methods. Both techniques were
utilized to determine the most potent Lasparaginase producer. Three triplicates were
used to collect the whole data.

Qualitative methods:
Rapid plate assay technique
The obtained bacterial isolates were streaked
on the modified M9 medium (Gulati et al., 1997)
supplemented with 0.3% of phenol red dye (2.5%,
v/v). The plates were inoculated with fresh
cultures of the isolated bacteria and incubated at
50°C for 24 h. Control plates were three groups;
a) medium without a dye, b) medium without Lasparagine (NaNO3 instead), and c) noninoculated medium. The diameters of pink zones
at the positive L-asparaginase plates were
eventually measured to select the most potent
bacterial isolate for L-asparaginase production.
Agar well diffusion technique
It aims to confirm the abilities of the bacterial
isolates to produce L-asparaginase under
submerged
fermentation
condition.
Fifty
millimeters of the sterile modified Czapek-Dox's
broth (Saxena and Sinha, 1981) of pH 7.0 placed
in 250 mL Erlenmeyer ﬂasks were inoculated and
incubated at 50°C under shake conditions (150
rpm) for 24 h. The broth cultures were centrifuged
at 6000 rpm for 10 min to obtain supernatants
which were placed into the agar wells and
incubated for 12 h at room temperature, and then
the L-asparaginase activity was determined by
measuring the pink zone diameter around the
wells (El-Naggar et al., 2015).
Quantitative
method
(Shake
flask
fermentation)
The modified Czapek-Dox's broth served as a
production medium with the following composition
(g/L): Glucose, 2.0; L-asparagine, 5.0; KH2PO4,
1.5; yeast extract, 1.0; KCl, 0.5; MgSO4.7H2O,
0.5, and CaCl2.2H2O, 0.15. The pH was adjusted
to pH 7.0 before autoclaving. This medium (50 mL
placed in 250 mL Erlenmeyer flasks) was
9
inoculated by 1.35×10 CFU of 24 h old seeded
cultures and incubated at 150 rpm and 50°C for
48 h (Pradhan et al., 2013). The L- asparaginase
activity was determined by nesslerization method
mentioned in the next sentences.
Enzyme assay
L-asparaginase can actively catalyze the
hydrolysis of L-asparagine into L-aspartic acid and
ammonia, so its activity was determined by
measuring the amount of ammonia released by
direct nesslerization method using ammonium
sulfate standard curve (Imada et al., 1973). The
reaction mixture (2.0 mL) contained 0.5 mL of
boiled distilled water, 0.5 mL of 0.04 M of L-
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asparagine solution, 0.5 mL of 0.5 M Tris-HCl
buffer (pH 8.6), and 0.5 mL of an enzyme
preparative solution (supernatant), at 37°C for 20
min. The reaction was stopped by adding 0.5 mL
of 1.5 M of trichloroacetic acid (TCA). Then all
tubes were centrifuged at 6000 rpm and 4°C for 5
min to remove the precipitated proteins. To 3.7
mL of boiled distilled water, 0.1 mL of the above
mixture and 0.2 mL of freshly prepared Nessler's
reagent were added. After keeping the mixture at
20°C for 20 min, the released ammonia was
estimated spectrophotometrically at 450 nm by a
Jenway spectrophotometer (Jenway 6300, UK)
using ammonium sulfate standard curve. Assay
was performed in triplicates to ensure the
accuracy. One unit (U) of L-asparaginase activity
is defined as the amount of L- asparaginase that
liberates 1.0 µmol of ammonia per min per mL at
pH 8.6.
Protein assay
Protein concentration was estimated by
Bradford method (Bradford, 1976) using bovine
serum albumin as a standard protein. The
absorbance was measured spectrophotometrically
at 595 nm after incubation at 37°C for 15 min.
This assay was performed in triplicates.
Identification of the highest L-asparaginase
producing isolate
Cultural and morphological characteristics of
the best L-asparaginase producer were described
®
based on Bergey’s Manual
of Systematic
Bacteriology volume three, second edition
(Schleifer, 2009). The 16S rRNA gene sequence
®
was also determined and the NCBI BLAST
program searched the DNA databases to find the
sequence similarities related to the sequence of
this isolate (Altschul et al., 1997).
Phylogenetic analysis of the highest Lasparaginase producer
The 16S rRNA gene sequences were
®
introduced into the NCBI BLAST program to
compare with the reference bacterial species
having similar sequences. Then the helpful MEGA
5.0 software was used to align the identified
sequences to construct the phylogenetic tree
(Tamura et al., 2011).

between pH 4.5 and 10.5 was applied on the
production medium to demonstrate the optimum
pH for L-asparaginase production. The optimum
incubation time was determined by checking the
L-asparaginase activity every 12 h during the
incubation using the previously optimized
conditions. Different temperatures starting from
25°C to 70°C were applied to get the optimum
incubation
temperature
for
the
enzyme
production. Various concentrations of Lasparagine (0.1 - 7.5 g/L) were added to the
production medium to determine the optimum
concentration for L-asparaginase production.
Glucose, fructose, maltose, galactose, mannitol
and soluble starch at the concentration of 2.0 g/L
were tested to determine the best carbon source.
On the other side, yeast extract, beef extract, malt
extract, casein, ammonium chloride and
potassium nitrate at 1.0 g/L were added
separately to select the best nitrogen source. The
biological triplicates were applied during the
investigations of each parameter of culture
conditions.
RESULTS
Thermophilic bacteria isolation
A total of seventy-six thermotolerant bacterial
isolates grew on the nutrient agar medium at a
temperature range between 50°C and 60°C from
twenty-one compost samples collected from
different localities of Beni-Suef governorate,
Egypt.
Screening
for
bacterial
L-asparaginase
production
The results of rapid plate method
demonstrated that only thirteen isolates are able
to produce the extracellular L-asparaginase at
50°C among all tested bacterial isolates (Table. 1)
and the isolate WF67 was the best isolate for the
L-asparaginase production by giving the largest
pink zone diameter of 13 mm around the colony
(Fig. 1a). Both results of agar well method and
nesslerization method confirmed that the isolate
WF67 had the highest activity of pink zone
diameter (11 mm) around the agar well (Fig. 1b)
and 3.98 U/mL after 24 h of incubation,
respectively.

Optimization of L-asparaginase production
Different inoculum sizes ranged between
9
9
0.14×10 and 8.1×10 CFU were used to
determine the influence of inoculum size on Lasparaginase production using L-asparagine (5.0
g/L) at pH 7.0 and 50°C for 48 h. The pH range
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Fig.1. Evidence of L-asparaginase production
by the thermotolerant bacterium WF67 a)
rapid plate assay technique showed the widest
pink zone, and b) agar well diffusion technique
showed the widest pink zone.

tolerant, Gram-positive spore-forming rods (Fig.
2b and 2c).
The physiological characteristics of the isolate
WF67 showed positive results with the catalase
test, α–amylase test, urease test, protease
(casein degradation) test, lipase test and oxidase
test, while lactose fermentation test was negative.
It could tolerate 10% NaCl and grew optimally at
50°C, but couldn't grow above 55°C. The optimum
pH for growth was recorded at 7.0. It was also
facultative anaerobic bacteria.
NCBI BLAST program precisely searched the
DNA databases utilizing a partial sequence of the
bacterial isolate WF67 and showed that there was
a similarity of 98 % with B. licheniformis DSM13
(accession number; NR_118996.1). So, in the
current work, the bacterial isolate which produced
the highest L-asparaginase activity was identified
as Bacillus sp. WF67 (accession number;
MG877678.1). The phylogenetic tree (Fig. 3)
based on 16S rRNA gene sequences shows the
relationships between the bacterial isolate Bacillus
sp. WF67 and the related species of the genus
Bacillus.

Identification of the bacterial isolate WF67
The bacterial identification processes on both
the colony level and the cell level were conducted
after 36 h of incubation (at the stationary phase).
The bacterial colony developed opaque cream
color on nutrient agar medium (pH 6.0), irregular
form, undulate margin, moderate size (2-4 mm),
slightly raised elevation and moist consistency
(Fig. 2a). The bacterial isolate is aerobic, thermoTable 1. Evidence of L-asparaginase activities in different bacterial isolates
Bacterial isolate Zone around colonies Zone around wells L-asparaginase activity
(mm)
(mm)
(U/mL)
WF5
8
7
2.38
WF7
6
2
0.82
WF8
7
7
2.39
WF11
10
7
2.56
WF12
5
3
0.85
WF21
8
6
1.51
WF49
9
5
1.56
WF51
6
5
1.18
WF53
10
8
2.94
WF60
8
5
1.50
WF67
13
11
3.98
WF82
5
4
1.05
WF89
7
3
0.82

Figure. 2. Cultural and morphological characteristics of the isolate WF67:
a) Colony morphology, b) Gram’s staining, and c) Spore staining technique.
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Influence of inoculum size
The inoculum size had a potential role in the
synthesis of L-asparaginase by Bacillus sp.
WF67. There was a gradual increase in Lasparaginase production until reaching the
maximum activity (4.51 U/mL) by the optimal
9
inoculum size of 2 mL (containing 1.35×10
CFU/mL) under the experimental conditions. After
that inoculum size, there was no any significant
increase in the activity of L-asparaginase above
this volume (Fig. 4).
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Figure. 5. Influence of medium pH on Lasparaginase production.
Influence of incubation time
The
L-asparaginase
activity ascended
gradually to the maximum peak after 36 h of
incubation giving 8.4 U/mL (Fig. 6). Above this
period a gradual decrease was reported in the
enzyme activity. After 48 h of incubation, the Lasparaginase activity descended to 5.8 U/mL.
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Figure. 4. Influence of inoculum size on Lasparaginase production
Influence of medium pH
Bacillus sp. WF67 recorded the highest Lasparaginase activity (5.8 U/mL) at slightly acidic
culture medium with optimal pH value at pH 6.5.
The enzymatic activity decreased to 4.03 U/mL by
increasing the medium pH value to 7.5, and the
decrease in the L-asparaginase activity continued
gradually as the pH value increased. The enzyme
activity also decreased to 4.01 U/mL by

L-asparginase activity
(U/mL)

L-asparginase activity
(U/mL)

5

L-asparginase activity
(U/mL)

Figure. 3. The phylogenetic tree based on partial 16S ribosomal RNA gene sequence of the
thermotolerant Bacillus sp. WF67.
decreasing the medium pH to 5.5 (Fig. 5).
6
Optimization of L-asparaginase production by
Bacillus sp. WF67
5
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Figure. 6. Influence of incubation time on Lasparaginase production.
Influence of incubation temperature
By Investigating of L-asparaginase production by
Bacillus sp. WF67 within the temperature range of
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25–70°C, the maximum activity (8.49 U/mL) was
obtained at 50°C (Fig. 7), while the activity
dropped down below and above that degree. For
an instant, the L-asparaginase production
decreased to 4.52 U/mL and 3.06 U/mL at 40°C
and 60°C respectively. There was no growth or
enzymatic activity at 70°C.

examined, glucose was confirmed to be the
superior carbon source required for the highest Lasparaginase production (8.52 U/mL), followed by
maltose and fructose, respectively. On the other
hand, soluble starch, galactose, and mannitol
demonstrated the lowest effect on L-asparaginase
production.
10
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Figure. 7. Influence of incubation temperature
on L-asparaginase production.
Influence of L-asparagine concentration
Our
results
recorded
that
L-asparagine
concentration of 5.0 g/L was the optimum
concentration to induce Bacillus sp. WF67 for the
highest L-asparaginase activity (8.4 U/mL) and
there was no increase in Enzyme activity above
this concentration (Fig. 8).
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Figure. 9. Influence of different carbon
sources on L-asparaginase production.
Influence of different nitrogen sources
One of the limiting nutrients that impact
remarkably on L-asparaginase production is the
nitrogen source (both inorganic and organic
forms). The analysis of the culture medium
amended with ammonium chloride recorded the
highest L-asparaginase production (11.82 U/mL),
followed by yeast extract that recorded 8.48 U/mL
by Bacillus sp. WF67 (Fig. 10). Potassium nitrate
addition to the basal production medium produced
the least L-asparaginase activity (3.12 U/mL).
It is worthy to mention that, the L-asparaginase
activity was 5.8 U/mL and the specific activity was
4.45 U/mg protein, while after nutritional and
cultural
parameters
optimization,
the
Lasparaginase activity was enhanced to 11.82
U/mL and the specific activity increased to be 6.24
U/mg protein (Table 2).

Figure.
8.
Influence
of
L-asparagine
concentration on L-asparaginase production.

Influence of different carbon sources
The effects of several carbon sources on Lasparaginase production by Bacillus sp. WF67
were studied (Fig. 9). Among all carbon sources
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Figure. 10. Influence of different nitrogen sources on L-asparaginase production.
Table 2. Evaluation of the optimization process for the L- asparaginase production by
thermotolerant Bacillus sp. WF67
Protein Enzyme activity Specific activity
Yield
(mg/mL)
(U/mL)
(U/mg protein)
(%)
Crude enzyme
1.30
5.80
4.46
100
Optimized enzyme
1.90
11.82
6.22
203.8

DISCUSSION
The compost is one of the relevant resources
to isolate thermophiles (Finstein and Morris,
1975), so the compost samples were collected as
a source of our thermotolerant bacterial isolates.
All isolated thermophilic bacteria were subjected
for L-asparaginase production screening. The
screening results nominated the bacterial isolate
WF67 as the highest L-asparaginase producer.
The pink zone diameter around Bacillus sp. WF67
colony was similar to that around E. coli JP3301
colony (Gulati et al., 1997). It is significant to
mention that the activity of Bacillus sp. WF67 Lasparaginase was 3.98 U/mL after 24 h of
incubation only, while Aspergillus sp. KUFS20 had
similar L-asparaginase activity after 96 h of
incubation (Rani et al., 2012).
The cultural and morphological characteristics
of Bacillus sp. WF67 are in agreement with B.
licheniformis described in Bergey’s Manual of
Systematic Bacteriology; Volume 3, second
edition (Schleifer, 2009). Its physiological
characteristics coincide with B. licheniformis
isolated from Sonoran Desert soil (Palmisano et
al., 2001). The partial sequences of bacterial
isolate WF67 are similar to that of B. licheniformis
DSM 13 (accession number; NR_118996.1) by
98%. Our phylogenetic tree confirmed that B.

licheniformis is closely corresponding to B.
sonorensis (Palmisano et al., 2001).
The optimum inoculum size was of 2.0 mL
9
(containing 1.35×10 CFU/mL), the inoculum sizes
higher than 2.0 mL significantly boosted the
moisture content, declined the aeration and finally
decreased both bacterial growth and enzyme
production (Krishna and Chandrasekaran, 1996).
It was found that the optimum inoculum size for B.
aryabhattai ITBHU02 was 2.0 mL (containing
8
4.0×10 CFU/mL) (Singh and Srivastava, 2014).
The optimum medium pH value to get the
maximum L-asparaginase production by our
isolate was pH 6.5. This result is similar to that
obtained for L-asparaginase production by Erwinia
carotovora (Kotzia and Labrou, 2005) and Bacillus
subtilis HSWX88 (Pradhan et al., 2013). On the
other hand, the optimum pH for L-asparaginase
production by B. licheniformis HSA3-1a was pH
8.0 (Ahmad et al., 2013) and by B. licheniformis
RAM-8 was pH 6.0 (Mahajan et al., 2012).
It is well known that the incubation periods
affect the enzyme production during the
fermentation process. In current study, Bacillus
sp. WF67 L-asparaginase production increased
progressively until reaching the maximum peak
and then decreased gradually. This drop attributes
to the enzyme inactivation due to the presence of
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some proteolytic activities or the imbalance
between the bacterial growth and the nutrients
availability. Moreover, the accumulation of
bacterial cells in fermentation medium results in a
further decrease in the oxygen level which affects
cell growth and metabolite biosynthesis (Tang and
Zhong, 2003). The results obtained revealed that
the incubation time of 36 h was enough to get the
highest activity of L-asparaginase. This result
corresponds to the previous results submitted by
Pradhan et al. (2013), and Singh and Srivastava
(2014). On the other hand, the optimum
incubation time for the highest production of Lasparaginase by B. licheniformis was 48 h
(Ahmad et al., 2013).
The optimum incubation temperature for Lasparaginase production by our isolate Bacillus
sp. WF67 was 50°C. The same condition was
reported before with B. licheniformis HSA3–1a
(Ahmad et al., 2013) and also with the soil isolate
Streptomyces sp. (Basha et al., 2009). In contrast,
the optimum temperature for L-asparaginase
production by B. subtilis was 37°C (Gulati et al.,
1997).
In the present study, production medium
amended with 5.0 g/L of L-asparagine was
considered the superior medium for highest Lasparaginase yield. This result accords with
previous studies (Baskar et al., 2009; Amena et
al., 2010; Pradhan et al., 2013). On the other side,
Bacillus DKMBT10 (Moorthy et al., 2010)
preferred 6.0 g/L of the L-asparagine, while B.
licheniformis RAM-8 (Mahajan et al., 2012)
utilized 20 g/L of L-asparagine to obtain maximum
L-asparaginase productivity.
Glucose is a fundamental factor for induction
of some enzymes (Greiner et al., 1994). Bacillus
sp. WF67 preferred glucose as a carbon source to
produce L- asparaginase maximally. Many prior
results such that conducted for L-asparaginase
production by Serratia marcescens (Sukumaran et
al., 1979) and Bacillus sp. (Moorthy et al., 2010)
support our findings. In contrast, glucose was
considered as a catabolite repressor for the Lasparaginase production by certain bacterial
strains like Erwinia aeroideae (Liu and Zajic,
1972) and Enterobacter aerogenes (Geckil et al.,
2004).
Addition of ammonium chloride as a nitrogen
source to our fermentation medium produced the
highest L- asparaginase activity. The ammonium
ions stimulated L-asparaginase production by
Vibrio succinogenes (Albanese and Kafkewitz,
1978) and Enterobacter aerogenes (Mukherjee et
al., 2000). On the contrary, ammonium ion
inhibited the enzyme production in Proteus

vulgaris (Tosa et al., 1971) and the mesophilic B.
licheniformis strain A5 (Golden and Bernlohr,
1985).
CONCLUSION
The present study clearly indicates that the
thermotolerant Bacillus sp. WF67 isolated from
compost had a great potency to produce
extracellular L-asparaginase. Its yield enhanced
by 203.8 % after media optimization and there
was increase in the total activity (11.82 U/mL) and
specific activity (6.22 U/mg protein) under the
optimum
enzyme
production
parameters;
9
inoculum size of 2 mL (containing 1.35×10
CFU/mL), pH 6.5, 50°C, L-asparagine of 5.0 g/L,
glucose of 2.0 g/L and ammonium chloride of 1.0
g/L. Further studies will be done to investigate the
characteristics of the purified L-asparaginase
produced by Bacillus sp. WF67.
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