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Introduction

and purpose Microbial L-asparaginase (L-asparagine amino hydrolase, E.C.3.5.1.1)
has been applied as the most important chemotherapeutic agent in the treatment of
certain human cancers, especially in acute lymphoblastic leukemia. Actinomycetes
are recognized as a comparatively less explored source for L-asparaginase and
therefore act as candidates for the production of L-asparaginase. The possibility of
using novel actinomycete as a source of production of some industrially important
microbial L-asparaginase was investigated in this study.

Materials and methods

Genomic DNA of the actinomycetes isolate from soil samples was extracted using
the Gene JET Genomic DNA purification kit (Thermo scientific #k0721). The
actinomycete isolate was identified by 16S rDNA. The identified actinomycete
isolate was inoculated on starch casein agar slants and incubated for 7—10 days at
28°C, and then it was maintained at 4°C until further use. Inoculum was prepared
from a 7-day old culture of the strain. Production of L-asparaginase was initially
tested in four different media. The actinomycete strain was used further for the
optimization of cultural conditions, namely, L-asparagine substrate concentrations,
pH, temperature, and incubation conditions. The pH of the medium was varied from
pH 3.0 to pH 9.0; the incubation temperature was varied from 30 to 50°C. The effect
of carbon source and nitrogen source on L-asparaginase production was studied.
Modified Czapex Dox broth was supplemented with different carbon and nitrogen
sources such as starch, mannitol, mannose, sucrose, cellulose, and fructose at a
concentration of 1% (w/v) and ammonium sulfate, beef extract, yeast extract, and
peptone at a concentration of 0.2% (w/v), respectively, keeping other components
constant. The properties of Streptomyces spp. L-asparaginase were also studied
such as pH, assay temperature, and thermal stability.

Results

and discussion Genotypic characterization of the most promising unknown
actinomycete isolate showing the maximum production was identified by 16S
rDNA. PCR amplified the 16s rDNA region using primers. Genotypic
characterization of the most promising unknown actinomycete isolate showing
the maximum production was identified by16S rDNA. The 16s rDNA region was
amplified by PCR (about 1000 bp) using primers. According to sequencing
similarities and multiple alignments, the isolate was found to be closely related
to Streptomyces griseoplanus strain NRRL-ISP 5009 16s ribosomal RNA gene
with 85% identity. Higher enzyme activity was observed in modified Czapex Dox
broth as compared with other media used. Modified Czapex Dox broth was
supplemented with different concentrations of L-asparagine; the enzyme
production was maximum at 1.5% L-asparagine (126.20 U/ml). Analysis of the
culture supernatant showed that the enzyme activity rise from 126.20 U/ml on the
fifth day to 141.11 U/ml on the 10th day which its peak enzyme production activity.
Different carbon sources such as starch, mannitol, lactose, sucrose, and glucose
were amended in asparagine-modified Czapek Dox broth to determine their impact
on L-asparaginase production. Biosynthesis of L-asparaginase by S. griseoplanus
strain has been reported to be higher when the basal medium was supplemented
with starch. For the production of L-asparaginase by S. griseoplanus strain, yeast
extract has been reported as a good nitrogen source. According to the properties of
the enzyme, the maximum activity was achieved at 45°C. The half-lives of the free
enzyme were calculated to be 521 min (8.5h) at 50°C, 312.6 min (5.2 h) at 55°C,
and 195.2min (3.25h), at 60°C.
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Introduction

Enzymes are catalytic proteins. In enzymatic
reactions, substrates are the molecules that begin
the reaction and they are converted into different
molecules called the products. In a biological cell,
almost all processes need enzymes to occur at
significant rates. Since a few reaction enzymes are
selective for their substrates and speed up only from
among many possibilities, metabolic pathways occur
in that cell are made by the set of enzymes. One of
the important facts of today’s pharmaceutical industry
is the manufacture of an enzyme and its use as a

drug [1].

Microbial ~ L-asparaginase  (L-asparagine = amino
hydrolase, E.C.3.5.1.1) has been applied as a most
important chemotherapeutic agent in the treatment of
certain human cancers, especially in acute lymphoblastic
leukemia [2]. The discovery of L-asparaginase, a medical
agent for the treatment of malignant tumors, was made
in 1922. Clementi showed that the guinea pig serum
contained a high activity of L-asparaginase. L-
asparaginase catalyses the conversion of L-asparagine
to L-aspartate and ammonium, and this catalytic
reaction is essentially irreversible under physiological
conditions. Supplementation of L-asparaginase results
in continuous depletion of L-asparagine. Under such an
environment, cancerous cells do not survive. This
phenomenal behavior of cancerous cells was exploited
by the scientific community to treat neoplasias using L-
asparginase [3]. Microorganisms such as bacteria, fungi,
yeast and actinomycetes are very efficient producers and a
better source of L-asparaginase, because they can be
cultured easily and the extraction and the purification
of L-asparaginase from the mare are also convenient,
facilitating large-scale production [4]. Actinomycetes
are recognized as a comparatively less explored source
for L-asparaginase and therefore act as candidates for the
production of L-asparaginase [5,6]. Actinomycetes, like
Streptomyces griseoluteus [7], Streptomyces karnatakensis
[8] and Streptomyces venezuelae [9] are recognized as a
comparatively less explored source for L-asparaginase
and therefore act as candidates for the production of
L-asparaginase [5,6].

The present investigation deals with the isolation
and characterization of L-asparaginase from soil
sample isolates of actinomycetes as a novel source
of enzyme which is effective against leukemia. The
isolate was identified as Streptomyces griseoplanus
strain NRRL-ISP 5009 by 16s rDNA sequencing
studies. Further analysis deals with the optimization
of different parameters for L-asparaginase production.

Materials and methods

Microorganism and culture conditions

Actinomycete strain used in this study was isolated
from various soil samples collected from different
localities in Egypt. Actinomycete from the soils had
been isolated using the standard dilution plate method
procedure on Petri plates containing starch nitrate agar
medium of the following composition (g/1): starch, 20;
KNO3, 2; K,;HPOy, 1; MgSO4.7H,0, 0.5; NaCl, 0.5;
CaCOs, 3; FeSO4 M7H,0, 0.01; agar, 20, and distilled
water up to 1 1; then the plates were incubated for a
period of 7 days at 30°C. Streptomyces spp. isolate was
purified and maintained as spore suspensions in 20%
(v/v) glycerol at -20°C for subsequent investigation.

L-asparaginase production by plate assay

It is generally observed that L-asparaginase production
is accompanied by an increase in pH of the culture
filtrates. The plate assay was based on the Mostafa [8]
method with the incorporation of pH indicator phenol
red (prepared in ethanol) in a medium containing L-
asparagine (sole nitrogen source). Phenol red at acidic
pH is yellow and at alkaline pH turns pink; thus a pink
formed around the microbial colonies
producing L-asparaginase. L-asparaginase-producing

zone is

actinomycete was carried out with the use of
asparagine dextrose salts agar (g/l: asparagine, 10;
dextrose, 2; K;HPO,, 1; MgSOy, 0.5; and agar, 20);
pH was adjusted to 6.8 and supplemented with phenol
red as a pH indicator (0.009% final concentration) [8]
and sterilized at 1.5 atmospheric pressure for 20 min.
The inoculated plates were incubated at 30°C for 7
days. Plates were examined for the change in color of
the medium from yellowish to pink due to the change
of pH indicating the positive asparaginase activity.
Control plates were prepared as inoculated medium
without dye and as uninoculated medium with dye.

Inoculum preparation

Inoculum culture was prepared by inoculating 1 ml of
thawed spore suspension (25.8x10° CFU/ml) into
50ml starch casein broth (contained g/l: starch, 10;
casein, 0.3; KNOj, 2; NaCl, 2; K,HPO,, 2;
MgSO,4.7H,0, 0.05; CaCOs, 0.02; FeSO,4.7H,0,
0.01; pH 7) in a 250-ml Erlenmeyer flask. The flask
was then incubated at 28+2°C for 7 days at 200 rpm.
Two milliliters of the grown culture were used to
inoculate 50 ml of fermentation medium [10].

Polymerase chain reaction 16s rDNA and
electrophoresis

Genomic DNA of the bacterial isolates was extracted
using the Gene JET Genomic DNA purification kit
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(Thermo Scientific # k0721). The 16s rRNA
fragments were partially amplified by PCR using
Maxima Hot Start PCR Master Mix (Thermo
K1051) in Sigma Company of Scientific Services,
Egypt (www.sigma-co-eg.com). A region of ~1000
bp from the 16s rRNA gene was amplified using the
primers: forward primer AGA GTT TGATCC TGG
CTC AG and the reverse primer GGT TAC CTT
GTT ACG ACT T. The PCR program consisted of
one cycle of DNA initial denaturation at 95°C
(10 min), 35 cycles of 95°C (30s), 65°C (1 min),
and 72°C (1 min and 30s), plus one additional cycle
of a final chain elongation at 72°C (10 min). Finally
sequencing was accomplished to the PCR product on
GATC Company by use of an ABI 3730x] DNA

sequencer by using forward and reverse primers.

DNA sequencing

PCR products were purified by Qiagen extraction kit
according to the manufacturer’s instructions before
applying the DNA sequencer. Sequencing was
performed by automated the florescent dye
terminator sequencing method originally developed
by using (ABI 3130, DYEnamic ET Terminator
Cycle Sequencing Kit; Amersham Pharmacia Biotech).

Production of L-asparaginase by submerged
fermentation media

Fermentation was carried out in duplicate 250-ml
Erlenmeyer flasks, each containing 50 ml production
medium, and they have been incubated at 25+2°C for 7
days at 150 rpm. Production of L-asparaginase was
initially tested in four different media. The most
suitable medium underwent further detailed studies
L-asparaginase production. The
composition (g/l) of the four tested media was as
follows:

for maximum

(1) Medium I (modified starch casein broth) it
contains g/l: starch, 10; casein, 0.3; KNOj, 2;
NaCl, 2; K,HPO,, 2; MgSO,.7H,0, 0.05;
CaCOg, 0.02; FeSO4.7H,0, 0.01; supplied with
L-asparagine (1.5%) pH 7.0 [11].

(2) Medium II (modified Czapek Dox medium
supplied with L-asparagine 1.5%) it contained g/
I: sucrose, 30.0; sodium nitrate, 3.0; K,HPO,, 2;
MgS0,4.7H,0, 0.05; CaCQOs, 0.02;
FeSO4.7H,0, 0.01, pH of the medium was
adjusted to 7.0 [12].

(3) Medium III (asparagine dextrose salt broth,
containing 1% dextrose, 0.05% L-asparagine, 0.05%
di-potassium hydrogen phosphate, and 0.2% meat
extract with initial pH 7. The inoculated flasks were
then incubated at 30°C for 7 days [10].

(4) Medium IV: the fermentation medium contained
(g/L): glucose, 20; peptone, 1; yeast extract, 1;
KH,PO,4, 0.74; L-asparagine, 0.7; and
MgS0O,4.7H,0, 1.0; pH of the medium was
adjusted to 6.5 [8].

Preparation of cell-free extract

The cells from 100 ml of culture broth were harvested
by centrifugation and the pellet was suspended in lysis
buffer (9 g glucose, 3 g Tris, 20 ml of 0.25 MEDTA per
1000 ml distilled water). After autoclaving, it was
stored at 4°C with 0.02% lysozyme. After overnight
incubation this cell-free extract was used for the assay
of L-asparaginase.

Assay of L-asparaginase activity

L-asparaginase activity was measured by the following
method [13,14]. The cultures in the modified Czapek
Dox medium supplied with L-asparagine 1.5% broth
were centrifuged at 8000rpm for 30min and the
resultant supernatant, the crude extract, was used to
determine the L-asparaginase activity. Reaction was
started by adding 0.5ml of crude cell-free extract
into 0.5ml of 0.04M L-asparagine solution and
0.5ml of 0.05M Tris-HCL buffer pH 8 and
incubated at 37°C for 30 min in a water bath. The
reaction was stopped by the addition of 0.5ml of
1.5M trichloroacetic acid. The precipitated proteins
were removed by centrifugation at 8000 rpm for 15 min
at 4°C, and the ammonia was determined
spectrometrically at 425nm by nesslerization (by
Nessler’s method). Tubes kept at zero time
incubation served as control. Enzyme activity was
determined on the basis of liberation of ammonia
calculated with reference to a standard curve of
ammonium sulfate. In the concentration range
0.1ml of the supernatant was added to 3.8 ml of
distilled water, followed by addition of 0.2ml of
Nessler’s reagent and was incubated at room
temperature for 10 min after which the absorbance
was taken at 425 nm. One unit of asparaginase is the
amount of enzyme which catalyzed the formation of
1 pmol of ammonia per minute at 37°C.

Protein estimation

The protein content was determined according to the
Lowry method [15] using bovine serum albumin as the
standard.

Optimization of fermentation parameters for L-
asparaginase

The production of L-asparaginase from actinomycete
strain mainly depends on factors like L-asparagine
substrate concentrations, temperature, pH, carbon,
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and nitrogen source. Hence these parameters must be
optimized in order to achieve higher yields of L-
asparaginase.

Initial pH and temperature optimization

Impact of pH on the production of L-asparaginase
was examined by culturing the strain in a modified
Czapek Dox medium supplied with L-asparagine
1.5% broth adjusted to various pH levels ranging
from 3.0 to 9.0. The optimal pH achieved at this
step was used for further study. To determine the
optimum temperature for L-asparaginase production,
the strain was cultured in a modified Czapek Dox
medium supplied with L-asparagine 1.5% broth at
different temperatures ranging from 25 to 50°C for an
incubation period of 10 days and the supernatant was
used as crude enzyme to calculate the L-asparaginase

activity [3].

Effect of carbon source

In the present study, different carbon sources were
added to modified Czapek Dox’s liquid media at an
equivalent weight. Various sources of carbon such as
mannitol, fructose, mannose, cellulose, and lactose
were supplemented with L-asparagine (1.5%) as
nitrogen source in the growth media. Thereafter, L-
asparaginase
inoculum was added in the medium and incubated
at 30°C for 10 days under static conditions [14,16].

production was investigated. The

Effect of nitrogen source

As a fact, the nitrogen sources consider the secondary
energy source after carbon sources and they play a vital
role in the growth of organisms and enzyme
production. In microorganisms, amino acids, nucleic
acids, proteins, and cell wall components are
metabolized by nitrogen (both organic and inorganic
forms). In the present experiment, the
supplementation of additional nitrogen sources
(either organic or inorganic) such as urea, peptone,
yeast extract, beef extract, ammonium sulfate was used
to determine the maximum enzyme activity [16].

Characterization of native Streptomyces spp. L-
asparaginase

Optimum pH and temperature

The optimum pH was determined by measuring
enzymatic activity at 37°C using different buffers
(0.1 M) with various pH values as: citrate—phosphate
buffer (pH 5.0-7.0) and Tris-HCI buffer (pH 8-9).
Assay temperatures of 30-55°C were studied by
measuring activity at this range of temperatures for
30 min using 0.04 M L-asparagine as substrate and at
the optimum pH values.

Activation energy (Ea)

The activation energy was determined using the slope
of a linear plot of the log of the enzyme activity versus
1/T. The enzyme activity (v) was expressed in U (mg
protein)—1, the temperature (T) in Kelvin (K), the gas
constant (R)=1.987 cal/K/mol, and the activation
energy (Ea) in kcal/mol [17].

Thermal stability of L-asparaginase
The thermal stability
investigated by incubating the native enzyme at
various temperatures (30-65°C) with different
incubation periods (15, 30, and 60min) in the
absence of the substrate. Then, the enzyme was
incubated with 0.5ml asparagine in Tris buffer
(1M, pH 8) at 40°C for 30min. The relative

activities were plotted against different temperature

of L—asparaginase was

values for each incubation time.

Results and discussion

Isolation and detection for L-asparaginase production by
plate assay of actinomycete strain

The isolate obtained was screened for the production of
the enzyme L-asparaginase by using the plate assay
method (qualitative method). The results obtained
showed a high intensity of pink coloration for the
tested culture (Fig. 1).

Identification and phylogenetic analysis

The isolated strain was determined by the 16 s rRNA
gene sequence (1000 bp). It was found that the 16
rRNA gene sequence of the isolated strain was similar
to that of many species of the genus Streptomyces spp.
according to a BLAST search [18] of the GenBank
database. The costruction of a phylogenetic tree
(Fig. 2) based on 16s rRNA gene sequences of
members of the genus Streptomyces spp. was attained
according to the bootstrap test of the neighbor-joining
algorithm method of Saitou and Nei [19] with
MEGAA4 [20].

According to sequencing similarities and multiple
alignments, the isolate was found to be closely
related to the §. griseoplanus strain NRRL-ISP
5009 16s ribosomal RNA gene with 85% identity.

Identification and phylogenetic analysis

Use of different media for growth and production of the
enzymes

Comparative analysis was carried out by inoculating
the culture in different media in order to obtain
increased growth and production of the enzyme.
Results have shown that higher enzyme activity was

observed in modified Czapex Dox broth (medium II)
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Figure 1

A.Control without inoculation

B. Positive asparaginase activity by
qualitative plate assay method

Results of plate assay method for qualitative determination of L-asparaginase production by Streptomyces griseoplanus. (a) Control without
inoculation. (b) Positive asparaginase activity by qualitative plate assay method.

Figure 2

Streptomyces griseoplanus strain NRRL-ISP 5009 168 ribosomal RNA gene, partial sequence
——— Streptomyces griseoplanus strain NRRL B-3064 16S ribosomal RNA gene, partial sequence
Streptomyces griseoplanus strain NBRC 12779 16S nibosomal RNA gene, partial sequence
————— Streplomyces griseoplanus strain NRRL-ISP 5009 168 ribosomal RNA gene, partial sequence
Streptomyces griseoplanus strain NRRL B-3064 16S ribosomal RNA gene, partial sequence
—— Streptomyces griseoplanus strain NRRL B-3064 168 ribosomal RNA gene, partial sequence
Streptomyces alboverticillatus strain CSSP427 16S ribosomal RNA gene, partial sequence
Streptomyces cinereorectus strain CSSP425 165 ribosomal RNA gene, partial sequence
Streptomyces psammoticus strain NBRC 13971 165 ribosomal RNA gene, partial sequence
Streptomyces avellaneus strain NBRC 13451 168 ribosomal RNA gene, partial sequence
Streptomyces aureofaciens strain NBRC 12843 16S ribosomal RNA gene, partial sequence
— Streptomyces rectiviolaceus strain NRRL B-16374 168 ribosomal RNA gene, partial sequence
J S— Streptomyces rectiviolaceus strain NBRC 100765 16S ribosomal RNA gene, partial sequence

Phylogenetic tree showing the relationships of the organism and their closest relatives according to the 16 s rRNA gene.

as compared with other media used (Fig. 3). Medium
IT showed better enzyme production (99.01 U/ml);
this might be attributed to the fact that sucrose has
an inductive effect as it makes a great stabilization of
enzyme [21]. Medium II was selected for all further
experiments.

Optimization of L-asparaginase production
Effect of different L-asparagine concentrations
L-asparaginase production is induced by the addition of
L-asparagine. Individual addition of different
concentrations (0.5, 1, 1.5, 2, and 2.5%) of L-

asparagine was done to the modified Dox medium to
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Figure 3
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determine the best concentration of L-asparaginase
production. 1.5% L-asparagine was the optimum
concentration ~ for  L-asparaginase  production
(126.20U/ml) (Fig. 4). Higher concentrations (2 and
2.5%) of L-asparagine decreased the productivity (99.01
and 33.11 U/ml, respectively). Niharika and Supriya [22]

have also suggested that maximum enzyme production
depends on the nature of the substrate.

Effect of incubation period
An important criterion for the potency assessment is
the time course of L-asparaginase production. The
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Figure 5
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highest peak activity of the enzyme production
(141.11U/ml) was attained after 10 days of
fermentation and then decreased (Fig. 5). Analysis
of the culture supernatant showed that the enzyme
activity started with an initial productivity of 126.20 U/
ml on the fifth day and ended with a productivity of
(58 U/ml) on the 13th day.

Initial pH and temperature optimization

The enhancement or inhibition of the enzyme can be
influenced by the change in pH and can affect the
growth of microorganisms [23]. The microbial
enzyme activity can be influenced by the charges
present on the surface of the amino acids. A decrease
in enzyme activity of the microorganisms could be
affected by the modifications in their pH optima.
The aim of this study is to reach optimum conditions
such as the optimum pH for maximum L-asparaginase
production. Different pHs (3-9) will be studied using
1IN HCl or 1IN NaOH.

At pH 6, the maximum pH 6.5 gives a maximum
activity of 141.81 U/ml (Fig. 6). The enzyme activity
decreased may be due to the inhibitory effect of both
alkaline and acidic pHs on enzyme production. Change
of the shape and properties of an enzyme and/or the
substrate is related to the change in pH values and
consequently prevents the binding of a substrate to the
enzyme [18].

L-asparaginase production

One of the most critical factors for L-asparaginase
production is the incubation temperature which
affects the microbial growth, enzyme secretion,
rate of the chemical reaction, which
affects the rate of enzymatic activity. The effects
of inhibition, cell viability, and death could be
determined by the incubation temperature. In the
present study, the maximum activity obtained was
158U/ml at 30°C (Fig. 7). By increasing the
incubation temperature, a gradual decrease in
enzyme production was obtained. This may be
due to the heat accumulation in the medium
during the process.

in turn

Effect of carbon sources on L-asparaginase production

Generally, the most significant carbon source used in
the fermentation medium is the carbohydrates.
During industrial fermentation process, the growth
energy of the microorganism is achieved either
from the oxidation of medium components or from
light. The enzyme activity obtained was 405 U/ml
when lactose was used as a carbon source. On the
other hand, mannitol recorded the lowest L-
asparaginase  production (22U/ml) (Fig. 8).
When sucrose is added to the basal medium, it
acts as a good carbon source for L-asparaginase

production by actinomycetes isolated from estuarine
fishes [24].
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Figure 6
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Enhancing the production of L-asparaginase is highly ~ most industrial fermentation process will be faster
affected by the nitrogen sources either the organic ~ with a supply of organic and inorganic nitrogen
form or inorganic form. Both of them are utilized by  source.
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Figure 8
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Yeast extract in the medium enhanced L-asparaginase  a/bidoflavus, yeast extract has been reported as a good
production (401 U/ml) (Fig. 9) as compared with the  nitrogen source [14]. Similar results have been reported
other tested nitrogen sources. These results are in good by Khamna ez a/. [13] in their studies associated with the
agreement with those reported for the production of L-  production of L-asparaginase from isolates obtained
asparaginase by other microorganisms, Streptomyces  from rhizosphere soil of a Thai medicinal plant.
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Figure 10
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Properties of S. griseoplanus L-asparaginase

Effect of assayed temperatures on Streptomyces
asparaginase activity

When profiling the reaction temperature against the
relative activity, the maximum activity was achieved at
45°C for the enzyme. These results were similar to that
of L-asparaginase Aspergillus terreus KIS2, which
exhibited an optimum temperature at 45°C [25].
Low L-asparaginase activity observed at higher
temperatures may be attributed to  partial
denaturation [26]. The relative activity of L-
asparaginase was 6.77% (Fig. 10), when the reaction
temperature rose to 55°C. The Arrhenius plots of the
enzyme were linear and the activation energy (Ea) was
calculated to be 2.884 Kcal/mol. At higher
temperatures, low L-asparaginase activity was
observed and this may be attributed to the partial
denaturation of the enzyme [26].

Thermal stability for the native Streptomyces spp. L-
asparaginase

Thermal stability for the native Strepromyces spp. L-
asparaginase native Streptomyces spp. was studied in
terms of residual activities. At a temperature of
45°C, the enzyme retained its residual activity
(100%) for 1h. In this experiment the free
enzyme was incubated, in the absence of the
substrate, at different temperatures (30-65°C) for
different incubation periods (15, 30, and 60 min).
Thereafter, the relative activities were determined
under standard conditions. The results showed that
the relative activities of the enzyme was completely
stable (100%) when incubated at 30-45°C.

However, the enzyme, was slightly affected when

Table 1 Activation energy, half-life, and deactivation rate
constant of Streptomyces griseoplanus L-asparaginase

Kinetic parameters Native enzyme

Activation energy (Kcal/mol) 2.844
Half-life time (min)
50°C 521
55°C 312.16
60°C 195.2
Deactivation rate constant
50°C 1.33x107°
55°C 2.22x107°
60°C 3.55x107°

heated to a temperature of 50°C (it lost about 20%
for 30 min). It is more or less resistant to high
temperature (50-65°C). It lost 40% of its relative
activity when exposed to a temperature of 55°C for
30 min On heating the enzyme at 60°C, the adverse
effect of the temperature was observed. The enzyme
lost 65% of its relative activity for 1h. At a
temperature of 65°C, it has completely lost its
activity  [27]. The preparations  give
straight lines when the relative activities were
plotted against time at different temperatures (50,
55, 60°C) (Fig. 11). This means that the theoretical

curves of the first-order reaction can be applied on

enzyme

the thermal inactivation process of the enzyme

form. The half-lives of the enzyme were
calculated to be 521min (8.5h) at 50°C,
312.6min  (5.2h) at 55°C), and 195.2min

(3.25h), at 60°C. The deactivation rate constants
were calculated at temperatures of 50, 55, and 60°C
for the native enzyme to be 1.33x1073, 2.22x1073,
and 3.55x107%, respectively (Table 1).
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Figure 11
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First-order plots of thermal inactivation for the native Streptomyces griseoplanus L-asparaginase activity.
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Optimum pH for the native enzyme

The maximum relative activity of native L-asparaginase
was achieved at pH 8. It retained only 32.5% and
15.48% of its relative activity at pH 8.5 and 9,
respectively. The optimum activity of L-asparaginase
is at an alkaline pH of 8 (Fig. 12). This is reported by
Tabandeh and Aminlari [28]. This can be explained by
the fact that L-aspartic acid is produced and inhibit the
enzyme under acidic conditions. Dhevagi and Poorani

[29] found that pH 8 and pH 8.5 were the most
optimum pHs for L-asparaginase activity of
Streptomyces spp. PDK7 and pH 9 was the optimum
for L-asparaginase activity extracted from .
gulbargensis. Similar results were found by El-shafei
et al. [30], who revealed that pH 8.0 was the optimal for
L-asparaginase from  Penicillium  brevicompactum.
Ohshima ez al [31] found that, in general, L-
asparaginase is active at neutral and alkaline pHs.
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Moreover, in 2009 Basha ez al. reported that the

maximum

activity of asparaginase by marine

actinomycetes between pH 7.0 and 8.0 with 80%
activity at physiological pH [31].
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