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Abstract

The objective of this study was to isolate and identify the asparaginase-producing bacteria, then purify
and characterize the enzyme in order to investigate their properties in the future. Fifteen local bacterial
isolates were isolated from various sites in the city of Baghdad, identified by conventional
morphological and biochemical procedures, and confirmed using vitek 2 methods, and submitted to
primary screening processes for asparaginase production. For secondary screening, eight isolates with
the greatest yellow zone ability on a specific solid medium were chosen. Bacillus sp. was reported to
have the highest enzyme production (7.5 U/mg proteins). After 24 hours of incubation, submerged
fermentation yielded optimal conditions for the production of L-asparaginase (L-ASNase) by the chosen
isolate, with medium (2) serving as the optimal medium for production and fructose serving as the
optimal source of carbon. In pH 6 at 40°C, Sephadex G-150 gel filtration chromatography was used to
purify the enzyme. The final purification folds were increased by 2.5 times, resulting in an enzyme yield
of 93.7%. It also showed the highest purified enzyme activity and stability was at 37°C. Also it revealed
the highest activity and stability at pH 7.0 and pH 8.0 respectively. Enzyme lost activity when exposed

to several metallic ions at concentrations of 1, 5, and 10 mM.

Keywords: Asparaginase, Bacteria, Optimum conditions, Purification, Characterization.

Introduction

Enzymes are biological catalytic molecules that
are widely exploited in industry to produce different
essential products. Enzyme technology has enabled
scientists to utilize, modify, and improve the efficacy
of enzymes in order to achieve maximal functionality
such as food industry, microbiology, and in
medicinel. As a potential oncological agent,
microbial L-asparaginase (E.C.3.5.1.1) has been
extensively investigated and utilized?. Asparagine's
amide group is hydrolyzed by this enzyme,
producing ammonia and aspartate®. L-asparaginase
(L-ASNase), an amidohydrolase, is often used as a
cancer treatment. L-asparagine, which is present on
the majority of cancer cell surfaces, is converted by
the enzyme into ammonia and L-aspartate, which
causes cell death since L-asparagine is required for

cell proliferation and activation®. L-ASNase
contributes significantly to the medical enzymes that
are commonly utilized as anti-lymphoma agents®. In
the presence of L-ASNase, cancer cells lack a vital
growth factor and therefore cannot survive. Thus,
this enzyme may be applied to treat everyone
(particularly children) with leukaemia and cancer °.
Hodgkin's disease, melanosarcoma, reticulosarcoma,
lymphosarcoma, lymphocytic leukaemia, acute
myelomonocytic leukaemia, and acute myelocytic
leukaemia are only a few of the diseases that may be
treated with L-ASNase ’. L-asparaginase production
is very sensitive to factors such as the composition of
the fermentation medium wused and culturing
parameters including temperature, pH, inoculum
size, incubation period, and agitation rate & L-
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asparagine is produced by normal cells using L-
asparagine synthetase. The most common organisms
used to isolate and purify L-asparaginase include
Streptomyces  albidoflavus, Escherichia  coli,
Bacillus sp., and actinomycetes from the rhizosphere
of medicinal plants °. As a result, it is critical to
screen novel organisms capable of producing new

Materials and Methods

Chemicals

The reagents and chemicals utilized in this
study were procured from Hi-Media and Sigma-
Aldrich, India. The list of materials includes
asparagine, EDTA, agar-agar, HgCl,, Tris-HClI,
yeast extract, cysteine, nutrients agar and several
others.

Collection of samples and bacterial isolation

Ten bacterial isolates were isolated from the
waste active sludge (WAS) sample collected from
the dry tank of Al-Rustumiah wastewater treatment
plant in south Baghdad, Iraq, and five bacterial
isolates were isolated from the soil of different sites
of University of Baghdad, Irag. These isolates were
identified using morphological, and biochemical
assays and a Vitek 2 test after cultivation on Brain
heart broth(Merck), followed by brain heart agar
(Merck)¥. The isolates were then grown on nutrient
agar medium and stored in the refrigerator at 4°C for
the experiment of screening. Following that, L-
asparaginase production was assessed using the
method reported by Hasan and Hussein 1.

Screening of isolates for the production of L-
asparaginase
Primary (qualitative) screening

With  few modifications, qualitative
screening for L-asparaginase production was carried
out in accordance with Sharma and Husain *2.
Asparagine solid medium (10g asparagine, 2¢g
glucose, 1.52 g KH2PO4, 0.52 g KCI, 0.52 g MgSQOs,,
0.03 g FeS04, 0.03 g Zn SO4, 0.05g CuSO4, and 15 g
agar-agar), was used to screen 15 isolates for the
highest asparaginase producers. The substance was
dissolved in one liter of distilled water, thoroughly
mixed, and the pH was adjusted to 7.0 autoclaved,
then 0.09 g/L phenol red added after filtering through
a Millipore filter 0.22j in sterilized asparagine
medium, then poured onto plates to select the best
ones that produced enzyme. Following that, wells are
aseptically poked on an agar surface plate using a
sterile cork borer. Bacterial isolates were plated out

and high-productivity L-ASNase. The goal of this
work was to isolate L-asparaginase producing
bacteria from waste active sludge and soil, then
optimize for maximum enzyme activity before L-
ASNase purifying and characterization to study its
properties in the future.

on asparagine agar at a concentration of 100 pL per
well and incubated at 37 °C for 24 hours.
Asparaginase secretion was assumed to be occurring
when a yellowish color appeared around the colony
wells.

Secondary (Quantitative) screening

From the primary screening, eight isolates
with the highest yield were chosen and cultivated on
a liquid asparagine medium. Fifty mL of modified
submerged medium (10 g asparagine, 2 g glucose,
1.52 g KH2PO4, 0.52 g KCI, 0.52 g MgS04, 0.03 g
FeSO4, 0.03 g Zn SO4, and 0.05 g CuS04) is placed
in a 250 mL flask along with 1 L of distilled water
that has a pH of 7.0. After being autoclaved, one mL
of overnight-culturing isolates containing 3 x 10!
cells/mL was inoculated. The flasks were incubated
in a 37 °C, 150 rpm rotary shaker incubator. Each
flask's culture was centrifuged for 10 minutes at
10,000 rpm after 24 hours in the incubator. The
asparaginase activity and protein concentration in the
crude enzyme were measured using the supernatant.
The enzyme's activity and protein concentration
were both repeatedly evaluated 2.

Assay for L-asparaginase

The Nesslerization method, which has an
absorbance limit of 625 nm and depends on the
breakdown of L-asparagine to L-aspartate and
ammonia, was modified slightly, according to Al-
Dulimi . One mL of crude L-ASNase was added to
the tube, and it was then incubated at 37°C for 30
minutes with one mL of 200 mM L-asparagine in
0.05 M potassium phosphate buffer (pH 8.0). After
incubation, the reaction was stopped by adding 1 mL
of 1.5 M trichloroacetic acid to the solution mixture.
The mixture was centrifuged at 10000 rpm for 10
minutes. For each sample, the direct Nesslerization
method was used to determine the L-ASNase activity
in the supernatant by mixing 1 mL of Nessler's
reagent with 1 mL of supernatant of the enzyme with
vigorous agitation. The mixture was then kept at
37°C in an incubator for 30 minutes. At 625 nm, the
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optical density was determined. To prepare the
blank, 1 mL of Nessler's reagent was added to 1 mL
of the above reaction mixture, except that 1 mL of
trichloroacetic acid was added before adding 1 mL of
crude enzyme. The amount of enzyme that, under
experimental conditions, releases 1 pmole of
ammonia per minute was designated as one unit of
L-ASNase. The concentration of proteins was
measured using the Bradford procedure 4,

Optimization of the production of L-ASNase from
selected isolate

The influence of varied culture requirements
on L- ASNase production was investigated.
Numerous regulating factors were assessed,
including composition of the fermentation medium,
the carbon source, pH value, temperature, and
incubation time.

The influence of fermentation medium

To determine the best medium for L-ASNase
production, six different media were tested.: (1)
asparagine 10 g/L, glucose 2g/L, KH,PO. 1.52 g/L,
KCI 0.52 g/L, MgSOs4 0.52 g/L, FeSO. 0.03 g/L,
ZnS0., 0.03 g/L and CuSO4 0.05 g/L *2. (2) Glucose
20/L, KH2PO,4 1.52 g/L, KCI 0.52 g/L, MgSO, 0.52
g/L, FeSO4 0.03 g/L, Zn SO4 0.03 g/L and CuSOs
0.05 g/L ' with modification. (3) Peptone 1 g/L,
glucose 1 g/L, yeast extract 0.3 g/L, asparagine 1 g/L,
and meat extract 0.3 g/L *°. (4) Peptone 1g/L, glucose
1 g/L, yeast extract 0.3 g/L, and meat extract 0.3 g/L
15 with modification. (5) Asparagine 1 g/L, glucose
0.1 g/L, K:HPO, 0.1 g/L, yeast extract 0.05 g/L,
trypton 0.05 g/L *®. (6) Glucose 0.1 g/L, K;HPO4 0.1
g/L, yeast extract 0.05 g/L, trypton 0.05 g/L ® with
modification. Autoclaving duplicate 250 mL
Erlenmeyer flasks with 50 mL of each test medium.
Then, 1.0 mL of an overnight culture with 3 x 10!
cells/mL of the chosen isolate was added to these
flasks, and then were set in a 150 rpm shaker
incubator at 37°C for 24 hours. After incubation,
each flask's culture was centrifuged, and the filtrate's
enzyme activity, protein content, and specific
activity were all assessed. 14,

Best sources of carbon

To choose an ideal carbon source, in 250mL
flasks, the pH of the 50 mL of optimal medium was
adjusted to 7.0, autoclaving for 15 minutes at 121 °C.
After sterilization with a 0.22u millipore filter unit,
2 g/L of glucose, sucrose, fructose, lactose, and
starch as carbon source solutions were added to each
flask individually (in duplicate). Before incubating

the flasks at 37 °C (150 rpm) for 24 hours, a 2%
(cells/mL) overnight culture of a Bacillus sp. isolate
was added. To determine enzyme activity,
concentration of protein, and specific activity*4,
the supernatants were collected after centrifuging the
cultures at 10,000 rpm for 10 minutes.

The pH influences

The initial pH value of the medium has been
determined for evaluating enzyme production after
the optimal carbon source was determined. Before
autoclaving, the pH was adjusted to 5, 6, 7, and 8 in
250 mL Erlenmeyer flasks containing 50 mL of
optimized medium. After inoculating the medium
with a bacterial culture isolate at a concentration of 3
x 10 cells per mL, the medium was incubated for 24
hours at 150 rpm and 37°C in a shaker incubator.
Thereafter, measurements were made of the activity
of enzyme, protein amount, and specific activity
14

The influence of temperature

Temperatures of 28, 30, 37, and 40 °C were
tested to determine the best temperature for ASNase
production. The chosen medium was inoculated with
2% (3 x 10 cells/mL) of a culture of a bacterial
isolate grown overnight, and incubated for 24 hours
at different temperatures in a shaker incubator set to
150 rpm. After centrifugation, the specific activity
was determined according to Al-Dulimi et al. and
Bradford34,

Optimal period for incubation

Several incubation periods were tested to
determine the production efficacy of asparaginase. A
2% inoculum of the overnight-selected isolate
(3x10 cells/mL) was added to the optimum medium
and incubated at 40°C for 24, 48, and 72 hours. The
assessment of specific activity was performed
according to Al-Dulimi et al. and Bradford 34,

L-asparaginase purification

Bacillus sp. was grown under optimum
conditions for ASNase production, and the enzyme
was extracted by centrifugation at 10000 rpm for 10
minutes. The crude L-ASNase was purified using
(Sephadex - G150) gel filtration to remove unwanted
proteins and other components: as follows:
The column was attended to and packaged in
accordance with the manufacturer's (Pharmacia-
Sweden) instructions. A crude enzyme sample was
subjected to column chromatography using a
Sephadex G-150 column with dimensions (1.5 x 21
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cm), and the elution phase was carried out with
0.05M Tris-HCI, pH 8, at a flow rate of 20 mL/h,
with 3mL of each fraction. After measuring the
protein fractions at 280 nm, these fractions' enzyme
activity was measured. The activity and
concentration of protein were estimated after
determining the volume of effective fractions. The
volume has been reduced with sucrose and placed in
individual containers before being frozen'’.

Characterization of partial purified ASNase
Temperature impact on partial purified enzyme
activity

The activity of partially purified enzyme was
assessed at four distinct temperatures: 37, 45, 50, and
55°C. In order to determine the optimal temperature
for ASNase activity'®, the correlation between
enzyme activity and temperature was then
investigated.

Temperature's influence on L-ASNase stability

L-ASNase that had been partially purified
was placed in a water bath at varying temperatures
(37, 45, 50, and 55°C) for 15 minutes before being
transferred to an iced bath. At the optimal
temperature for enzyme activity, the activity was
then measured. The remaining activity was
subsequently calculated.

The influence of pH on partially purified L-
ASNase activity

The asparagine has been prepared as a
substrate in a range of buffer solutions, such as
0.05M acetate buffer (pH 5, 6), 0.05M potassium
phosphate buffer (pH 7, 8), and 0.05M tris-base

Results and Discussion

Screening bacterial isolates for L-asparaginase

production
Primary (qualitative) screening
Fifteen bacterial isolates were tested

gualitatively using an asparaginase plate agar
medium, and the appearance of yellow color
surrounding the colony wells was considered
indicative of asparaginase secretion. According to
the intensity of the created yellow color, eight
bacterial isolates were asparaginase producers (Fig.
1). The production of a yellow color due to the
breakdown of asparagine in a solid medium
including phenol red as a pH indicator demonstrates
the bacteria's ability to alter the culture's pH from
acidic to alkaline. This is a result of L-asparaginase

buffer (pH 9), to test the impact of pH on the partially
purified enzyme activity. By measuring the activity
and showing the correlation between enzyme
activities and pH values, the ideal pH for L-ASNase
activity was determined 8,

Influence of various pH values on the stability of
partially purified enzyme

At different pH ranges (5-9), partially
purified enzyme and buffers were mixed in the same
amount (1:1). The solution was placed in a 37°C
water bath for 15 minutes. Immediately the samples
were transported to an ice bath. The enzyme activity
was measured, and the remaining enzymatic activity
has been estimated and plotted for each value of pH
to establish the optimal pH for L-ASNase stability.

Influence of certain chemical compounds on the
activity of L-ASNase

The effect of chemical compounds (ZnSQOa,
KCI, HgCl;, NaCl, EDTA, and cysteine) on the
activity of partially purified L-ASNase was
investigated. The 1 mM and 5 mM solutions were
prepared by dissolving each substance in a phosphate
buffer of 0.05 M concentration at 37 °C for 15
minutes. The enzyme solution and metal ion solution
were mixed in a 1:1 (v/v) ratio. The activity of the
enzyme was then measured and compared to the
control (enzyme without treatment). The remaining
percentage of activity was then evaluated.

breaking down amide bonds in L-asparagine and the
accumulation of ammonia in the medium. There was
a correlation between L- ASNase activity and the
formation and diameters of yellow zones
surrounding wells. The yellow zone's diameter
varied from 20 to 45 millimeters. These isolates were
chosen to undergo secondary screening. L-ASNase
activity zone for soil bacterial isolates ranged from
0.8 to 13mm?*°. According to Wakil and Adelegan %,
the yellow color zone of L-ASNase isolated from
Ibadan soil bacteria in varied from 3 to 5 cm.
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Figure 1. L-asparaginase activity by bacterial
isolate on solid medium at 37°C for 24 hr.

Secondary (Quantitative) screening

Submerged fermentation was used to test the
enzymatic activity of the eight bacterial isolates that
produced the highest yellow coloring during the
primary screening. The Nesslerization process,
which degrades asparagine to ammonia and aspartate
and has an absorbance of 625nm, has been used?®s.
Among eight isolates, the Bacillus sp. isolate
exhibited the highest enzyme activity, with 7.5 U/mg
protein specific activity of a crude enzyme (Fig. 2).
The Bacillus sp. isolate with the highest specific
activity was selected for the next study despite the
fact that the asparaginase specific activity of the
other isolates ranged from 0.3 to 6.8 U/mg. It may be
possible to explain why different species members
have different abilities for producing asparaginase.
By considering the isolates' origin, type, and genetic
diversity as well as culture parameters including
aeration, stirring, pH, temperature, and media
components that support the isolates of Bacillus sp.'s
ability to synthesize the enzyme in liquid medium?.
Poongothai and his colleagues? reported that
Bacillus S8 sp. can produce asparaginase via
submerged fermentation, with 1.08 U/mg of specific
activity.

Specific Activity (U/ mg)
S =l A W
L

o
.,

5 ¢ I
.
[

K
(=4

S
Isolates S°
Figure 2. Production of asparaginase by different
bacterial isolates in shaker incubator 150 rpm at
37°C for 24 hrs.

Optimal asparaginase production conditions
The influence of the fermentation medium
Bacillus sp. was cultivated in six different
media to evaluate the influence of the medium on
asparaginase production. Among the six media
investigated, medium (2) was found to be the best
medium for asparaginase production based on
specific activities. The maximum specific activity of
asparaginase found was 52 U/mg, however a specific
activity of asparaginase utilizing media 1, 3, 4, and 5
was reduced to 31.7, 24.2, 20.2, and 51.4 U/mg
protein respectively (Fig. 3). The other fermentation
parameters' activity was maximized by using this
medium. The production of L-ASNase was greatly
influenced by the composition of the medium and the
culture conditions (such as pH, temperature, and
nutrients). There is no specific medium among
variable microorganisms that maximizes L-ASNase
production. In order for each microorganism to
achieve its maximum L-ASNase production
capacity, it must satisfy certain conditions, it is
necessary to optimize the medium components and
environmental conditions. Different environmental
conditions and medium components are necessary
for the growth of microorganisms and enzyme
production, as the nature of the microorganism
greatly affects the culture conditions necessary for
enzyme formation %,

1 2 3 4 5 6

Type of Media
Figure 3. Bacillus sp. asparaginase production in
ashaker incubator at 150 rpm, 37°C, for 24 hours,
using a variety of liquid media.
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Specific Activity (U/mg)
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Optimal sources of carbon

Asparaginase production was studied using
several types of carbon sources included in the
medium at a concentration of 2 g/L. Among five
distinct carbon sources, fructose was discovered to
enhance L- asparaginase production (Fig. 4).
Asparaginase's specific activity rose to 58 U/mg in
comparison to 13.4 U/mg. in a medium containing
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sucrose. For organism growth, carbon is a necessary
element, and the majority of microorganisms choose
it as a source of energy. As a consequence, In order
to support microbial growth and the production of
metabolites, it is usually employed as a substantial
carbon source?*. Moawad and his colleagues® found
that asparaginase may be produced from Aspergillus
flavus by submerged fermentation, with fructose
serving as the best carbon source and having the
maximum enzymatic activity (52.4 U/mL).

~ 60
(@]
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2
= 40
= 30
=}
< 20
Q
£ 1 1 ]
[&]
2 0
n < Q Q N> Q

& & & & M

» <¢<"°\ &

Sugars
Figure 4. Influence of carbon sources on

asparaginase produced by Bacillus sp. in
submerged culture at 37 °C and pH 7.0 for 24hrs
The pH effect

The pH of the production medium was
varied to evaluate the effect of the initial pH on
asparaginase production (5, 6, 7, and 8). As indicated
in Fig. 5, the greatest asparaginase specific activity
(67.1) U/mg was acquired at pH 6.0; however,
increasing or decreasing the pH value above or below
6.0 reduced enzyme activity. Bacillus sp.
asparaginase was shown to have the maximum
activity around neutral pH. According to Wakil and
Adelegan?, the optimal pH for Bacillus circulans L-
asparaginase production is 6. Any decrease or
increase in the concentration of hydrogen ions (H*)
induces pH variations in the reaction mixture, which
may cause significant changes in the three-
dimensional structure of the protein, leading to
enzyme denaturation?®. Fermentation course and
enzyme production rate are commonly influenced by
the pH of the culture medium because the medium
impacts the plasma membrane's conformation and
consequently, the ribosomes that adhere to the
membrane and synthesize proteins .

= N Wb OO o N
O O O O O o o o

Specific Activity (U/mg)

o

pH

Figure 5. Impact of pH on Bacillus sp.
asparaginase synthesis in a shaker incubator at
150rmp for 24 hours at 37°C

Temperature effects on the production of L-
asparaginase

The results in Fig. 6 examine how well an
isolate of Bacillus sp. grows and releases L-ASNase
throughout a wide temperature range (28, 30, 37, and
40°C). At 40 °C, asparaginase may be produced at its
highest levels, with a specific activity of 75.3 U/mg.
Lower yields (44.7 U/mg proteins) were achieved at
a lower temperature of 28°C. Any microbe's growth
and metabolism depend heavily on temperature.
Temperature has an impact on the synthesis of
enzymes by affecting the solubility of oxygen in the
medium, the rate of enzyme reaction, and the
vibration energy of cell molecules 2. These effects
may be either positive or negative.

80
70
60
50
40
30
20
10

0

Specific Activity (U/mg)

28 30 37 40
Temprature (0C)

Figure 6. The temperature effect on ASNase
production from Bacillus sp. in a shaker
incubator at 150 rpm for 24 hours
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Optimal incubation time

The optimal incubation period was
determined by testing the growth and enzyme
synthesis phases. The specific activity of
asparaginase produced by Bacillus sp. reached 75.5
U/mg of protein after 24 hours of incubation, as
illustrated in Fig. 7. The specific activity decreased
as the incubation period increased due to alterations
in the culture conditions, including accumulation of
toxic metabolites, depletion of oxygen, and nutrient
consumption, which inhibit the bacterial growth 2,

Specific Activity
(U/mg)
o388

24 48 72

Time (hr.)
Figure 7. The influence of incubation time on
asparaginase production by Bacillus sp. in a
shaker incubator at 150 rpm and 40°C.

L-asparaginase purification by gel filtration
chromatography

The results revealed that in the eluted
fractions, one protein peak separated from the
column, as well as one peak of asparaginase activity
(15-29) fractions (Fig. 8). With 2.5 fold of
purification, the specific activity was 204.3 U/mg
proteins, and the yield was 93.7% (table 1). L-
ASNase was isolated from  Streptomyces
albidoflavus by Narayana et. al.*® and purified using
Sephadex G-100 and CM-Sephadex C-50, the
specific activity of L-ASNase increased to 101 and
437 U/mg, respectively. Additionally, they noticed
that utilizing CM-Sephadex C-50 increased L-
asparaginase purity to 99.3-fold purity with a 40%
recovery. Dhevagi and Poorani 3!observed that after
83-fold purification, the L-asparaginase isolated
from marine actinomycetes using Sephadex G-200
gel filtration revealed specific activity with 64.07
U/mg protein and a final yield of 2.18%.

12 a=@== Protein Activity 0.45
. 04
0.35
= 0.8 03 =
) 0.25 3
I 0.6 02 i
T ' >
p 0.4 0.15 s
< 0.2 i )
- 0.05
0 0

1357 9111315171921232527293133353739414345
Fraction No.
Figure 8. Gel Filtration chromatography for L. ASNase purification from Bacillus sp. Utilizing
Sephadex G150 column (1.5x21) cm equilibrated and eluted with Tris-HCI buffer(pH 8, 0.05 M), in
rate of flow 20 ml/hr.3 ml for every Fraction.

Table 1. Purification steps of L-asparaginase from Bacillus sp.

Sample Volume  Activity Protein Specific Activity Total Purification  Yield (%)
(ml) (U/mg) (mg/ml) (U/mg) Activity(U) Fold
Crude 50 0.48 0.006 80 24 1 100
Sucrose 20 0.71 0.0075 94.7 14.2 1.2 59.2
Gel 45 0.5 0.0025 200 22.5 2.5 93.7
filtration
using
Sephadex
G-150
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Characterization of purified enzyme
The influence of temperature on L-ASNase
activity

Temperature ranges (37°-55°C) were used to
assess the activity of partially purified L-ASNase.
Fig. 9 shows that activity increased to 0.51 U/mL at
37°C, then decreased as temperature increased to
50°C and reaching at 55°C a minimum of 0.11 U/mL.
The results revealed that the reaction speed increased
until it reached 37°C, then started to fall beyond
45°C owing to an increase in the impact between the
enzyme molecules participating in the reaction and
the substrate due to the increased movement energy
of the molecules. Temperatures over 50°C cause a
decrease in enzymatic activity due to denaturation of
enzyme activity®2. 37°C was found to be the best
temperature for purified L-asparaginase activity
from Aspergillus terreus KLS2 %,

0.6

©c Qo
> w

Activity (U/ml)
o o
N w

o
N

37 45 50 55

Temprature (0C)

Figure 9. The effect of temperature variations on
the activity of partially purified L-ASNase from
Bacillus sp.

Temperature's influence on L-ASNase stability
The L-ASNase temperature stability was
determined by incubating the enzyme for 15 minutes
at temperatures varying from 37 to 55°C. The
percentage of remaining activity is then determined.
In the present study, the activity of L-ASNase was
maintained at 37°C (Fig.10), whereas the activity
begins to decline between (45 and 55°C). Due to its
sensitivity to high temperatures, L-asparaginase
loses activity over 37°C; typically, temperature
below or above the optimal temperature for an
enzymatic process will considerably slow down the
rate of reaction. This may be a result of the enzyme
being denaturized or losing its three-dimensional
structural properties. Hydrogen bonds and other non-
covalent bonds are broken while a protein is
denaturing®®. L-ASNase purified from Fusarium

culmorum ASP-87 was subjected to thermal stability
tests, which showed that this enzyme is very stable
between 30 and 40 °C for 120 minutes, but
deactivates beyond that temperature while retaining
50% activity for an hour at 60 °C 34,

120

Remaining Activity (%)
N Iy D o 5
o o o o o

o

37 45 50 55
Temprature (0C)

Figure 10. The influence of temperature
variations on the stability of partially purified L-
ASNase from Bacillus sp.

The effect of pH on partially purified L-ASNase
activity

As shown in Fig. 11, the pH effect on partially
purified L-ASNase from Bacillus sp. was evaluated
over a pH range of 5.0 to 9.0. Maximum enzyme
activity was detected at a pH of 7, it reached 0.68
U/mL, however the optimum range was between 7
and 8, whereas in acidic pH (5 and 6) it was 0.36
U/mL and 0.42 U/mL, respectively, and in alkaline
pH (9) the activity decreased to 0.38 U/mL. The
variability in the ideal pH is primarily attributed to
its impact on enzyme activity through several
mechanisms, such as its effect on the ionization of
groups in the enzyme's active site, its impact on the
ionization of groups in the substrate, or the ability to
alter the conformation of either the enzyme or the
substrate *. Moorthy and colleagues discovered that
the optimal pH for L-asparaginase activity from a
soil isolate of Bacillus sp. was 7 %.
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Figure 11. The impacts of different pH levels (5.0-

9.0) on the activity of partially purified L-
asparaginase from Bacillus sp.

The effect of different pH levels on the stability of
partially purified L-ASNase

The findings in Fig. 12 show that pH 8.0 is
optimal for the stability of L-ASNase, as the enzyme
retained approximately 100% of its activity at pH
8.0, but only 26.7% at pH 7.0. The enzymatic activity
decreased outside of the ideal pH range. The
remaining enzyme activity was 13.3% at a pH of 5.0,
decreased at a nearly acidic pH, and reached 18.9%
at pH 6.0. Also, enzyme activity decreased as pH
became more alkaline, by 93.3% at pH 9.0. Hassan
and Hussein 3 determined that the pH of the L-
asparaginase stability of Staphylococcus aureus was
8. The decrease in enzymatic activity observed at pH
values outside the optimal range can be attributed to
the effect of pH on enzyme structure, which results
in enzyme denaturation or changes in the ionic state
of the active site. In addition, pH can affect the
secondary and tertiary structure of the enzyme,
resulting in a loss of activity in buffer solutions
considerably outside the optimal pH .

120
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Figure 12. The impact of changing the pH of
partially purified enztme from Bacillus sp. from
5.0t09.0.

Influence of certain chemical compounds on the
activity of L-asparaginase

Purified L-asparaginase from Bacillus sp. was
treated with chemical compounds. The results in Fig.
13 demonstrate that, with a few minor exceptions, all
of these compounds reduced the L-asparaginase
enzyme. Depending on the enzyme origin, metal ions
have different effects on L-ASNase activity,
although it has been shown that at concentrations of
1 and 5 mM, ZnSO4, NaCl, HgCl,, KCI, EDTA, and
cysteine all suppress enzyme activity to lower levels
than their original activity (control value). At
concentrations of 1 mM and 5 mM, HgCl; inhibited
L-ASNase with 50 and 32% residual activity,
respectively. At doses of 1 and 5 mM, EDTA
suppresses enzyme activity, with residual activity
equivalent to 60.8 and 48.3%, respectively (Fig. 13).
Also, using 1 and 5 Mm of ZnS0O., NaCl, KClI, and
cysteine decreased activity to 23, 14.6, 17.5, and
78.3% respectively at ImM and 37, 74.8, 37.8 and
72% respectively at 5mM. Recent studies have
indicated that enzyme function is influenced by
different types and concentrations of ions, with a
tendency for the effects to increase as the
concentration increases. The formation of a complex
with the enzyme impedes its ability to bind to the
substrate and catalyze the production of the desired
product, resulting in a reduction in enzymatic activity
%, The enzyme was observed to be inhibited by
HgCl, at concentrations of 1 and 5mM, which
indicates that HgCl, oxidized SH groups in the
enzyme's active site. Furthermore, HgCl, forms a
complex with the enzyme that prevents it from
binding to the substrate to generate the product,
resulting in a decrease in activity “°. The inhibitor's
impact on L-ASNase activity was tested using
EDTA. This substance displayed decreasing enzyme
activity with increasing concentration of the
inhibitor, as indicated by the remaining enzyme
activities. Furthermore, the findings demonstrated
that the enzyme was a metalloenzymatic and that
divalent ions were critical to the increased activity
when the enzyme was incubated with EDTA; hence,
EDTA was employed to investigate the influence of
inhibitors on the activity of L-ASNase. When an
enzyme is treated with cysteine, the disulfide
connections within its structure and conformation
weaken, resulting in the protein fragmenting into its
component components and a consequent decrease
in activity. The findings of the study suggest that the
enzyme under investigation was found to possess
disulfide bonds .
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Conclusion

Local Bacillus sp. isolates could produce L-
ASNase on solid media or in submerged culture. The
ideal conditions for the production of ASNase by the
chosen isolate were determined, using medium (2)
acting as the best production medium and fructose
serving as the best carbon source at 40 °C and pH 6
after 24 hours of incubation. Using Sephadex G-150

Acknowledgment

We would like to express our gratitude to the
technical staff of the Department of Environment and
Water at the Ministry of Science and Technology /

Authors’ Declaration

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and Tables
in the manuscript are ours. Furthermore, any
Figures and images, that are not ours, have been

Authors’ Contribution Statement

S.1.H. conceived, designed, acquired the data and
drafted the manuscript. While Z.A.H Interpret the

References

1. Ofman MN, Krol M, Patel N, Krishnan S, Liu J, Saha
V, et al. Rational engineering of I-asparaginase reveals
importance of dual activity for cancer cell toxicity.
Blood Journal. 2010; 117:1614-1621.
https://doi.org/10.1182/blood-2010-07-298422.

2. Benchamin D, Sreejai R, Sujitha S and Albert C. Anti-
proliferative activity of l-asparaginase enzyme from

gel filtration chromatography to purify the crude
enzyme. The optimal temperature for L- ASNase
activity and stability was 37°C for 15 minutes, while
the optimal pH for L- ASNase activity and stability
was found to be 7.0 and 8.0 respectively. However,
the activity of L- ASNase was inhibited by certain
metallic and heavy metallic ions.

Baghdad - Irag. We would also like to show our deep
appreciation to the Department of Biotechnology /
College of Science, University of Baghdad.

included with the necessary permission for re-
publication, which is attached to the manuscript.

- Ethical Clearance: The project was approved by
the local ethical committee in University of
Baghdad.

results of the study, revision, paraphrasing and
proofreading of the manuscript.

fungi on breast cancer. J. pharmacogn. phytochem.
2019; 8(1):407-410.
https://www.phytojournal.com/7-6-468-716.pdf.

3. Gaufichon L, Rothstein SJ. and Suzuki A. Asparagine

Metabolic Pathways in Arabidopsis. Plant Cell Physiol
J. 2016; 57 (4): 675-689.
https://doi.org/10.1093/pcp/pcv184.

Page | 2351


https://dx.doi.org/10.21123/bsj.2023.9231
https://doi.org/10.1182/blood-2010-07-298422
https://www.phytojournal.com/7-6-468-716.pdf
https://doi.org/10.1093/pcp/pcv184

2023, 20(6 Suppl.): 2342-2354
https://dx.doi.org/10.21123/bsj.2023.9231
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

g

Baghdad Science Journal

10.

11.

12.

Mohideen AKS. Molecular docking study of L-
asparaginase | from Vibrio campbellii in the treatment
of acute lymphoblastic leukemia (ALL). Eurobiotech
J. 2020; 4 2): 8-16.
https://www.researchgate.net/publication/338682774
Molecular_docking_study of L-

Asparaginase_|_from_Vibrio_campbellii_in_the trea
tment_of acute_lymphoblastic_leukemia ALL.

Kaliwal Bb and Hosamani R. L-asparaginase an anti-
tumor agent production by Fusarium equiseti using
solid state fermentation. Int. J. Drug Discov. 2011;

3(2): 88-99.
https://bioinfopublication.org/files/articles/3 2 2 1JD
D.pdf

Ahmad N, Pandit NP and Maheshwari SK. L-
asparaginase gene-a therapeutic approach towards
drugs for cancer cell. Int. J. Biol. Sci. 2012; 2 (4): 1-
11.
https://www.researchgate.net/publication/232261142
L-asparaginase_gene-

a_therapeutic_approach towards_drugs_for_cancer
Cell

Verma  N. L-asparaginase: a  promising
chemotherapeutic agent. Crit. Rev. Biotechnol. J.
2007; 27(1): 45-62.
https://doi.org/10.1080/07388550601173926
Hymavathi M, Sathish T, Subba C, and Rao
Prakasham RS. Enhancement of L-asparaginase
production by isolated Bacillus circulans (MTCC
8574) using response surface methodology. Appl.
Biochem. Biotechnol. J. 2009; 159: 191-8.
https://doi.org/10.1007/s12010-008-8438-2
El-Naggar NEA and EI-Shweihy NM. Bioprocess
development for L-asparaginase production by
Streptomyces rochei, purification and in-vitro efficacy
against various human carcinoma cell lines. Sci. Rep.
J. 2020; 10 (1):1-21. https://doi.org/10.1038/541598-
020-64052-x

Hussein Sl, AL-Banaa AK, Noor HH and Mashkoor
BA. Determination of the optimum conditions of
laccase produced from local isolate of Citrobacter
freundii using submerged fermentation. Asian Jr. of
Microbiol. Biotech. Env. Sc. 2018; 20 (2): S181-S187.
https://www.researchgate.net/publication/331498103
DETERMINATION_OF THE OPTIMUM_COND
ITIONS OF LACCASE PRODUCED FROM LO
CAL_ISOLATE _OF CITROBACTER FREUNDII
USING_SUBMERGED FERMENTATION

Hassan TJ, and Hussein Sla. Development of
bioprocesses for production and purification of L-
asparaginase from Staphylococcus aureus, and in vitro
efficacy against human breast cell line. Iragi J. Agric.
Sci. 2023; 53(6):1525-
1538. https://doi.org/10.36103/ijas.v53i6.1668
Sharma A and Husain I. Optimization of medium
components for extracellular glutaminase free
asparaginase from Enterobacter cloacae. Int J Curr
Microbiol. ~ Appl.  Sci.  2015;  4(1):296-309.

13.

14.

15.

16.

17.

18.

19.

20.

21.

https://www.ijcmas.com/vol-4-
1/Anjana%?20Sharma%?20and%?20Islam%20Husain.p
df.

Al-Dulimi AG, Al-Saffar AZ, Sulaiman GM, Khalil
KA, Khashan KS, Al-Shmgani HS, et al.
Immobilization of L-asparaginase on gold
nanoparticles for novel drug delivery approach as anti-
cancer agent against human breast carcinoma cells. J.
Mater. Res. Tech.. 2020; 9(6): 15394-15411.
https://doi.org/10.1016/j.jmrt.2020.10.021

Bradford M. A rapid and sensitive method for the
quantitation of microgram quantities of protein using
the principle of protein-dye binding. Anal. Biochem. J.

1976; 72: 248-254.
https://doi.org/10.1006/abi0.1976.9999
Dejong PJ. L-Asparaginase production by

Streptomyces griseus. J.
23(6):1163-1164.
https://doi.org/10.1128/am.23.6.1163-1164.1972
Basha NS, Rekha R, Komala M and Ruby S.
Production of extracellular anti-leukaemic enzyme L-
asparaginase from marine actinomycetes by solid state
and submerged fermentation: Purification and
characterization. Trop. J. Pharm. Res. 2009; 8(4): 353-
360.
https://www.researchgate.net/publication/43561132
Production_of Extracellular_Anti-
leukaemic_Enzyme Lasparaginase_from_Marine_Ac
tinomycetes_by Solidstate_and Submerged Ferment
ation_Purification_and_Characterisation.

Aziz GM, Hussein SI, Abbass SD, Ibrahim AL and
Abbas DK. Degradation of reactive dyes using
immobilized peroxidase purified from Nigella sativa.
Iragi J. Agric. Sci. 2021; 52(6):1365-
1374. https://doi.org/10.36103/ijas.v52i6.1476

Hanaa NS, and Hussein SI. Assessment of purified
collagenase inhibition activity from Staphylococcus
aureus HN77 by some local plants extract. Iraqgi J.
Agric. Sci. 2022; 53(5):1035-
1047. https://doi.org/10.36103/ijas.v53i5.1617

Devi AL and Ramanjaneyulu R. lIsolation of L-
Asparaginase producing microbial strains from soil
samples of telangana and andhra Pradesh States. Int J
Curr Microbiol Appl Sci. 2016; 5(10): 1105-1113.
https://www.ijcmas.com/5-10-

2016/A.S.%20L alitha%20Devi%20and%20R.%20Ra
manjaneyulu.pdf.

Wakil SS and Adelegan AA. Screening, production
and optimization of L-asparaginase from soil bacteria
isolated in Ibadan, South-western Nigeria. Basic Appl.
Sci. J. 2015; 11: 39-51.
https://www.researchgate.net/publication/272087886
Screening_Production_and_Optimization_of L-
Asparaginase_From_Soil_Bacteria_lIsolated in_lbada
n_South-western_Nigeria

Hughes SG. Variation in enzyme production as a
function of the physiological state of bacteria. A thesis
presented for the degree of Master of Science

Page | 2352

Appl. Microbiol.1972;



https://dx.doi.org/10.21123/bsj.2023.9231
https://www.researchgate.net/publication/338682774_Molecular_docking_study_of_L-Asparaginase_I_from_Vibrio_campbellii_in_the_treatment_of_acute_lymphoblastic_leukemia_ALL
https://www.researchgate.net/publication/338682774_Molecular_docking_study_of_L-Asparaginase_I_from_Vibrio_campbellii_in_the_treatment_of_acute_lymphoblastic_leukemia_ALL
https://www.researchgate.net/publication/338682774_Molecular_docking_study_of_L-Asparaginase_I_from_Vibrio_campbellii_in_the_treatment_of_acute_lymphoblastic_leukemia_ALL
https://www.researchgate.net/publication/338682774_Molecular_docking_study_of_L-Asparaginase_I_from_Vibrio_campbellii_in_the_treatment_of_acute_lymphoblastic_leukemia_ALL
https://bioinfopublication.org/files/articles/3_2_2_IJDD.pdf
https://bioinfopublication.org/files/articles/3_2_2_IJDD.pdf
https://www.researchgate.net/publication/232261142_L-asparaginase_gene-_a_therapeutic_approach_towards_drugs_for_cancer_Cell
https://www.researchgate.net/publication/232261142_L-asparaginase_gene-_a_therapeutic_approach_towards_drugs_for_cancer_Cell
https://www.researchgate.net/publication/232261142_L-asparaginase_gene-_a_therapeutic_approach_towards_drugs_for_cancer_Cell
https://www.researchgate.net/publication/232261142_L-asparaginase_gene-_a_therapeutic_approach_towards_drugs_for_cancer_Cell
https://doi.org/10.1080/07388550601173926
https://doi.org/10.1007/s12010-008-8438-2
https://doi.org/10.1038/s41598-020-64052-x
https://doi.org/10.1038/s41598-020-64052-x
https://www.researchgate.net/publication/331498103_DETERMINATION_OF_THE_OPTIMUM_CONDITIONS_OF_LACCASE_PRODUCED_FROM_LOCAL_ISOLATE_OF_CITROBACTER_FREUNDII_USING_SUBMERGED_FERMENTATION
https://www.researchgate.net/publication/331498103_DETERMINATION_OF_THE_OPTIMUM_CONDITIONS_OF_LACCASE_PRODUCED_FROM_LOCAL_ISOLATE_OF_CITROBACTER_FREUNDII_USING_SUBMERGED_FERMENTATION
https://www.researchgate.net/publication/331498103_DETERMINATION_OF_THE_OPTIMUM_CONDITIONS_OF_LACCASE_PRODUCED_FROM_LOCAL_ISOLATE_OF_CITROBACTER_FREUNDII_USING_SUBMERGED_FERMENTATION
https://www.researchgate.net/publication/331498103_DETERMINATION_OF_THE_OPTIMUM_CONDITIONS_OF_LACCASE_PRODUCED_FROM_LOCAL_ISOLATE_OF_CITROBACTER_FREUNDII_USING_SUBMERGED_FERMENTATION
https://www.researchgate.net/publication/331498103_DETERMINATION_OF_THE_OPTIMUM_CONDITIONS_OF_LACCASE_PRODUCED_FROM_LOCAL_ISOLATE_OF_CITROBACTER_FREUNDII_USING_SUBMERGED_FERMENTATION
https://doi.org/10.36103/ijas.v53i6.1668
https://www.ijcmas.com/vol-4-1/Anjana%20Sharma%20and%20Islam%20Husain.pdf
https://www.ijcmas.com/vol-4-1/Anjana%20Sharma%20and%20Islam%20Husain.pdf
https://www.ijcmas.com/vol-4-1/Anjana%20Sharma%20and%20Islam%20Husain.pdf
https://doi.org/10.1016/j.jmrt.2020.10.021
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1128/am.23.6.1163-1164.1972
https://www.researchgate.net/publication/43561132_Production_of_Extracellular_Anti-leukaemic_Enzyme_Lasparaginase_from_Marine_Actinomycetes_by_Solidstate_and_Submerged_Fermentation_Purification_and_Characterisation
https://www.researchgate.net/publication/43561132_Production_of_Extracellular_Anti-leukaemic_Enzyme_Lasparaginase_from_Marine_Actinomycetes_by_Solidstate_and_Submerged_Fermentation_Purification_and_Characterisation
https://www.researchgate.net/publication/43561132_Production_of_Extracellular_Anti-leukaemic_Enzyme_Lasparaginase_from_Marine_Actinomycetes_by_Solidstate_and_Submerged_Fermentation_Purification_and_Characterisation
https://www.researchgate.net/publication/43561132_Production_of_Extracellular_Anti-leukaemic_Enzyme_Lasparaginase_from_Marine_Actinomycetes_by_Solidstate_and_Submerged_Fermentation_Purification_and_Characterisation
https://www.researchgate.net/publication/43561132_Production_of_Extracellular_Anti-leukaemic_Enzyme_Lasparaginase_from_Marine_Actinomycetes_by_Solidstate_and_Submerged_Fermentation_Purification_and_Characterisation
https://doi.org/10.36103/ijas.v52i6.1476
https://doi.org/10.36103/ijas.v53i5.1617
https://www.ijcmas.com/5-10-2016/A.S.%20Lalitha%20Devi%20and%20R.%20Ramanjaneyulu.pdf
https://www.ijcmas.com/5-10-2016/A.S.%20Lalitha%20Devi%20and%20R.%20Ramanjaneyulu.pdf
https://www.ijcmas.com/5-10-2016/A.S.%20Lalitha%20Devi%20and%20R.%20Ramanjaneyulu.pdf
https://www.researchgate.net/publication/272087886_Screening_Production_and_Optimization_of_L-Asparaginase_From_Soil_Bacteria_Isolated_in_Ibadan_South-western_Nigeria
https://www.researchgate.net/publication/272087886_Screening_Production_and_Optimization_of_L-Asparaginase_From_Soil_Bacteria_Isolated_in_Ibadan_South-western_Nigeria
https://www.researchgate.net/publication/272087886_Screening_Production_and_Optimization_of_L-Asparaginase_From_Soil_Bacteria_Isolated_in_Ibadan_South-western_Nigeria
https://www.researchgate.net/publication/272087886_Screening_Production_and_Optimization_of_L-Asparaginase_From_Soil_Bacteria_Isolated_in_Ibadan_South-western_Nigeria

2023, 20(6 Suppl.): 2342-2354
https://dx.doi.org/10.21123/bsj.2023.9231
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

g

Baghdad Science Journal

Department of Molecular Biology University of
Edinburgh. 1971.
https://era.ed.ac.uk/bitstream/handle/1842/15054/Hug
hes1971.Pdf;sequence=1
22.Poongothai E, Siddharthan N, Hemalatha N and
Balagurunathan R. Production and Partial Purification
of L-Asparaginase Enzyme from Bacteria. 1AJPS.
2017; 4(12): 4798-
4803. https://doi.org/10.5281/zenodo.1134384
23. EI-Naggar NEA and EI-Shweihy NM. Bioprocess
development for L-asparaginase production by
Streptomyces rochei, purification and in-vitro efficacy
against various human carcinoma cell lines. Sci. Rep.
J. 2020; 10 (1):1-21. https://doi.org/10.1038/s41598-
020-64052-x
24. Bhargavi PL, Kumar BS and Prakasham SR. Impact of
nutritional factors verses biomass and serralysin
production in isolated Serratia marcescens. Curr.
trends. biotechnol. Pharm. J. 2012; 6(4): 449-457.
https://www.researchgate.net/publication/287750130
Impact_of nutritional_factors_verses_biomass_and
serralysin_production_in_isolated Serratia_marcesc
ens
25. Moawad W, EI-Naby MA, Darwish DB. and Sherief
AA. Production, optimization and characterization of
L-asparaginase from Aspargillus flavus. Mansoura
Journal of Biology. 2013; 38 (2).
https://www.researchgate.net/publication/349731162
Mansoura_University Faculty of Science PRODU
CTION_OPTIMIZATION_AND_CHARACTERIZA
TION_OF LASPARGINASE FROM_ASPERGILL
US FLAVUS PRODUCTION_OPTIMIZATION_A
ND_CHARACTERIZATION_OF LASPARGINAS
E_FROM_ASPERGIL
26. Tortora GJ, Funke BR and Case CL. Microbiology. 8th
ed. Pearson Education, Inc. San Francisco. New York.
2004.
https://books.google.ig/books/about/Microbiology.ht
ml?id=q55ruAAACAAJ&redir_esczy
27. Hussein SI, Hayder NH and Aziz GM. Biodegradation
of Some Hydrocarbon Compounds by Free and
Immobilized Laccase Produced from Local Isolates of
Pseudomonas aeruginosa using a bioreactor. A thesis
presented for the degree of doctor of philosophy in
biotechnology department. Baghdad University. Irag.
2017.
https://www.researchgate.net/publication/369230060
Biodegradation_of Some_Hydrocarbon_Compound
s_by Free_and_Immobilized Laccase_Produced fro
m_Local_lsolates_of Pseudomonas_aeruginosa_usin
g_a_bioreactor
28. Bull AT and Bushnel ME. Environmental control of
fungal growth In: The filamentous fungi. (Eds. Smith,
J.E. and Berry, D.E.). 1976; (2):1-26. Edward Arnold,
London.
29. Lazazzera BA. Quorum sensing and starvation.
Signals for entry into the stationary phase. Curr.

Microbiol. J. 2000; 3: 177 182.
https://doi.org/10.1016/S1369-5274(00)00072-2

30. Narayana KJP, Kumar KG and Vijayalakshmi M. L-
asparaginase production by Streptomyces
albidoflavus. Indian J. Microbiol. 2008; 48:331-336.
https://doi.org/10.1007/s12088-008-0018-1.

31.Dhevagi P, and Poorani E. Isolation and
characterization of L-asparaginase from marine
actinomyecetes. Indian J. Biotechnol. 2006; 5: 514-520.
https://www.researchgate.net/publication/266339260
Isolation_and_characterization _of L-
asparaginase_from_marine_actinomycetes

32.Chauhan A, Mohindra A and Prabha V. Purification
and characterization of collagenase from Bacillus
altitudinis. J. Med. Robot. Res. 2020; 45:
2395.6623.6120.1.
https://www.researchgate.net/publication/363535370
Purification_and_characterization_of collagenase_f
rom_Bacillus_altitudinis

33. Siddalingeshwara KG and Lingappa K. Production
and characterization of L-asparaginase-A Tumour
inhibitor. Int. J. Pharmtech Res. 2011; 3(1):314-319.
https://www.semanticscholar.org/paper/Production-
and-Characterization-of-L-Asparaginase-A-
K.G/0ac723cf5e5b6e207307fccebec2bf56cc64d596

34. Meghavarnam KA and Savithal. Purification and
characterization of therapeutic enzyme L-asparaginase
from a tropical Soil fungal isolate Fusarium culmorum
ASP-87. MOJPB. J. 2015; 2(6): 00064.
https://www.researchgate.net/publication/297871468
Purification_and_Characterization_of Therapeutic
Enzyme L Asparaginase_from_a_Tropical Soil_Fun
gal_lsolate_Fusarium_Culmorum_ASP-87

35.Clive DA. Guide to protein isolation. Kluwer
academic publisher. New York. 2002.
https://link.springer.com/book/10.1007/978-94-017-
0269-0

36. Moorthy V, Ramalingam A, Sumantha A and
Shankaranaya RT. Production, purification and
characterization of extracellular L-asparaginase from a
soil isolate of Bacillus sp. Afr. J. Microbiol Res. 2010;
4(18):1862-1867.
https://www.researchgate.net/publication/228616101
Production_purification_and_characterisation_of ex
tracellular_L -
asparaginase_from_a_soil_isolate_of Bacillus_sp

37.Hassan TJ and Hussein SI° .Evaluation of Anticancer
Activity of Partially Purified L-Asparaginase
Produced by Staphylococcus aureus. A Thesis
presented for the degree of master in biotechnology
department. Baghdad University. Irag. 2023.
https://www.researchgate.net/publication/373014242
Evaluation_of Anticancer_Activity of Partially Pu
rified_LAsparaginase_Produced by Staphylococcus

aureus
38. Segel JJ. Biochemical Calculation. John Wiley and
sons. 1976.

Page | 2353


https://dx.doi.org/10.21123/bsj.2023.9231
https://era.ed.ac.uk/bitstream/handle/1842/15054/Hughes1971.Pdf;sequence=1
https://era.ed.ac.uk/bitstream/handle/1842/15054/Hughes1971.Pdf;sequence=1
https://doi.org/10.5281/zenodo.1134384
https://doi.org/10.1038/s41598-020-64052-x
https://doi.org/10.1038/s41598-020-64052-x
https://www.researchgate.net/publication/287750130_Impact_of_nutritional_factors_verses_biomass_and_serralysin_production_in_isolated_Serratia_marcescens
https://www.researchgate.net/publication/287750130_Impact_of_nutritional_factors_verses_biomass_and_serralysin_production_in_isolated_Serratia_marcescens
https://www.researchgate.net/publication/287750130_Impact_of_nutritional_factors_verses_biomass_and_serralysin_production_in_isolated_Serratia_marcescens
https://www.researchgate.net/publication/287750130_Impact_of_nutritional_factors_verses_biomass_and_serralysin_production_in_isolated_Serratia_marcescens
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://www.researchgate.net/publication/349731162_Mansoura_University_Faculty_of_Science_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGILLUS_FLAVUS_PRODUCTION_OPTIMIZATION_AND_CHARACTERIZATION_OF_LASPARGINASE_FROM_ASPERGIL
https://books.google.iq/books/about/Microbiology.html?id=q55ruAAACAAJ&redir_esc=y
https://books.google.iq/books/about/Microbiology.html?id=q55ruAAACAAJ&redir_esc=y
https://www.researchgate.net/publication/369230060_Biodegradation_of_Some_Hydrocarbon_Compounds_by_Free_and_Immobilized_Laccase_Produced_from_Local_Isolates_of_Pseudomonas_aeruginosa_using_a_bioreactor
https://www.researchgate.net/publication/369230060_Biodegradation_of_Some_Hydrocarbon_Compounds_by_Free_and_Immobilized_Laccase_Produced_from_Local_Isolates_of_Pseudomonas_aeruginosa_using_a_bioreactor
https://www.researchgate.net/publication/369230060_Biodegradation_of_Some_Hydrocarbon_Compounds_by_Free_and_Immobilized_Laccase_Produced_from_Local_Isolates_of_Pseudomonas_aeruginosa_using_a_bioreactor
https://www.researchgate.net/publication/369230060_Biodegradation_of_Some_Hydrocarbon_Compounds_by_Free_and_Immobilized_Laccase_Produced_from_Local_Isolates_of_Pseudomonas_aeruginosa_using_a_bioreactor
https://www.researchgate.net/publication/369230060_Biodegradation_of_Some_Hydrocarbon_Compounds_by_Free_and_Immobilized_Laccase_Produced_from_Local_Isolates_of_Pseudomonas_aeruginosa_using_a_bioreactor
https://doi.org/10.1016/S1369-5274(00)00072-2
https://doi.org/10.1007/s12088-008-0018-1
https://www.researchgate.net/publication/266339260_Isolation_and_characterization_of_L-asparaginase_from_marine_actinomycetes
https://www.researchgate.net/publication/266339260_Isolation_and_characterization_of_L-asparaginase_from_marine_actinomycetes
https://www.researchgate.net/publication/266339260_Isolation_and_characterization_of_L-asparaginase_from_marine_actinomycetes
https://www.researchgate.net/publication/363535370_Purification_and_characterization_of_collagenase_from_Bacillus_altitudinis
https://www.researchgate.net/publication/363535370_Purification_and_characterization_of_collagenase_from_Bacillus_altitudinis
https://www.researchgate.net/publication/363535370_Purification_and_characterization_of_collagenase_from_Bacillus_altitudinis
https://www.semanticscholar.org/paper/Production-and-Characterization-of-L-Asparaginase-A-K.G/0ac723cf5e5b6e207307fcce6ec2bf56cc64d596
https://www.semanticscholar.org/paper/Production-and-Characterization-of-L-Asparaginase-A-K.G/0ac723cf5e5b6e207307fcce6ec2bf56cc64d596
https://www.semanticscholar.org/paper/Production-and-Characterization-of-L-Asparaginase-A-K.G/0ac723cf5e5b6e207307fcce6ec2bf56cc64d596
https://www.researchgate.net/publication/297871468_Purification_and_Characterization_of_Therapeutic_Enzyme_LAsparaginase_from_a_Tropical_Soil_Fungal_Isolate_Fusarium_Culmorum_ASP-87
https://www.researchgate.net/publication/297871468_Purification_and_Characterization_of_Therapeutic_Enzyme_LAsparaginase_from_a_Tropical_Soil_Fungal_Isolate_Fusarium_Culmorum_ASP-87
https://www.researchgate.net/publication/297871468_Purification_and_Characterization_of_Therapeutic_Enzyme_LAsparaginase_from_a_Tropical_Soil_Fungal_Isolate_Fusarium_Culmorum_ASP-87
https://www.researchgate.net/publication/297871468_Purification_and_Characterization_of_Therapeutic_Enzyme_LAsparaginase_from_a_Tropical_Soil_Fungal_Isolate_Fusarium_Culmorum_ASP-87
https://link.springer.com/book/10.1007/978-94-017-0269-0
https://link.springer.com/book/10.1007/978-94-017-0269-0
https://www.researchgate.net/publication/228616101_Production_purification_and_characterisation_of_extracellular_L-asparaginase_from_a_soil_isolate_of_Bacillus_sp
https://www.researchgate.net/publication/228616101_Production_purification_and_characterisation_of_extracellular_L-asparaginase_from_a_soil_isolate_of_Bacillus_sp
https://www.researchgate.net/publication/228616101_Production_purification_and_characterisation_of_extracellular_L-asparaginase_from_a_soil_isolate_of_Bacillus_sp
https://www.researchgate.net/publication/228616101_Production_purification_and_characterisation_of_extracellular_L-asparaginase_from_a_soil_isolate_of_Bacillus_sp
https://www.researchgate.net/publication/373014242_Evaluation_of_Anticancer_Activity_of_Partially_Purified_LAsparaginase_Produced_by_Staphylococcus_aureus
https://www.researchgate.net/publication/373014242_Evaluation_of_Anticancer_Activity_of_Partially_Purified_LAsparaginase_Produced_by_Staphylococcus_aureus
https://www.researchgate.net/publication/373014242_Evaluation_of_Anticancer_Activity_of_Partially_Purified_LAsparaginase_Produced_by_Staphylococcus_aureus
https://www.researchgate.net/publication/373014242_Evaluation_of_Anticancer_Activity_of_Partially_Purified_LAsparaginase_Produced_by_Staphylococcus_aureus

2023, 20(6 Suppl.): 2342-2354 ‘D
https://dx.doi.org/10.21123/bsj.2023.9231 -
P-ISSN: 2078-8665 - E-ISSN:; 2411-7986 Baghdad Science Journal

https://books.google.ig/books/about/Biochemical _Cal altitudinis. J. Med. Robot Research. 2020;45:
culations.html?id=XxeUEAAAQBAJ&redir_esc=y 2395.6623.6120.1.
39.0hta Y, Nogi Y, Miyazaki M, Li Z, Hatada Y, Ito S https://www.researchgate.net/publication/363535370
and Horikoshi K. Enzymatic properties, nucleotide and Purification_and_characterization_of collagenase_f
amino acid sequence of a theromstable beta-agarase rom_Bacillus_altitudinis.
from the novel marine isolate. JAMB-A94. J. Biosci 41.41. Barker SA and Shirley JA. Microbial enzyme and
Biotech and Biochem. 2004; 68(5):1073-1081. bioconversion. In: Economic Microbiology. (ed. Rose,
https://doi.org/10.1007/s00253-004-1573-y. AH.). 5: 173-186. Academic Press. London. 1980.
40. Mohindra A, Chauhan A and Prabha V. Purification https://link.springer.com/article/10.1007/BF02877133

and characterization of collagenase from Bacillus

Bacillus sp. ¢ giiall juial ) Ciua g g 4,85

2 2l 2 BSa oI G Ao 5 T Caa aan ) e

-LB‘,)"-“ ¢Alazy clany dzala ‘?-5""“ A0S canila ) bl ?.uél
d\)ﬂ\ ¢) 2 M,ﬁ\)ﬂ\ asall 3)\)}2

dadal)
el 8 dailias apad Jal (e ddia i a5V 485 &5 ¢ il U daiiall LS padiiiy Je Al all cio
b ) 5 Aibassll 5 4 jedaall cl JLEAY) Aol gy Lumpdlli o 5 calazg Apde (8 Adlise a8 0 (e Al 4 585 A 3o 5 J e
Al @y g s pandll Y G Al LR Q5 ¢ il ) 2Y Y1 Gandl) cilglend Y Sal) Ciniad @il
Lali) el Lol Bacillus sp osia (e 4aseanll LS o i) ity | biall Jaw gl & o) jieal) allgl) £l (& oY)
O 80 A jall Ao g g W) Y ial) o plal) ) it ¢ Alaal) e Aol 24 aaa (O g 0 pada / 3385 7.5) ey i)
dmgen da 2 die 5 KU jiae JuadlS € ) g oy LI das s JuadlS (2) Jas gl 580 Cum ¢ sanal) el (3350
G ¢ 150 g— osSabindl da aladinly ceSled) ol i L1 e sila s S adals gp 331 A8 5 4 sia A 040 31 a4a 256
Aty agllad e Biall o 331 yelal LS 71937 dansty o 38 ) W (ool Lo 330 2.5 ey Ailgrl) i) ) ye 232 )l
mY) A8 5 8.0 s oued) Al die 4l ety 7.0 (s oued) 4l e adled o) Sl 5 ¢ a 375 ) )a 4a )0 e

Ao le 5 o1 @l 38 i dpiaea il gyl Baad dia ya 2ic adalis

—aua gi cdgarill 6‘5-‘“‘ Ca g plall (L sl c%\)@f)ﬂ ;Z\.PLEM\ Calalsly

Page | 2354


https://dx.doi.org/10.21123/bsj.2023.9231
https://books.google.iq/books/about/Biochemical_Calculations.html?id=XxeUEAAAQBAJ&redir_esc=y
https://books.google.iq/books/about/Biochemical_Calculations.html?id=XxeUEAAAQBAJ&redir_esc=y
https://doi.org/10.1007/s00253-004-1573-y
https://www.researchgate.net/publication/363535370_Purification_and_characterization_of_collagenase_from_Bacillus_altitudinis
https://www.researchgate.net/publication/363535370_Purification_and_characterization_of_collagenase_from_Bacillus_altitudinis
https://www.researchgate.net/publication/363535370_Purification_and_characterization_of_collagenase_from_Bacillus_altitudinis
https://link.springer.com/article/10.1007/BF02877133

