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L- Asparaginase from Staphylococcus aureus: Overexpression,
Purification, Immobilization, Characterization, and Anticancer Activity
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Abstract

L- asparaginases catalyze the conversion of L- asparagine to L- aspartate and ammonia. The current study focus on the cloning
and expression of the L-asparaginase from Staphylococcus aureus into Escherichia coli strain BL21(DE3)pLysS. L-
asparaginase enzyme was purified to homogeneity by glutathione sepharose 4B column chromatography. The enzyme was
purified 117.6 times and showed a final specific activity of 1680.4 1U/mg protein with a yield of 67.7%. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of the purified enzyme showed that it was a single peptide chain with Mr 35 kDa. The
enzyme was immobilized on Ca alginate beads. The immobilized enzyme retains most of its activity (78%) and reveals high
stability at 4 °C. The enzymatic and structural properties of free recombinant and immobilized L- asparaginase were studied.
The free enzyme showed maximum activity at pH 8.0 when incubated at 45 °C for 30 min. The immobilized enzyme displayed
maximum activity at pH 8.5 after 30 minutes of incubation at 50 °C. The amino acid composition of the purified enzyme was
documented. This approach offers the possibility of generating Staphylococcus aureus L- asparaginase with high efficiency that
can be used to treat leukemia.

Keywords: Staphylococcus aureus - L Asparaginase — Overexpression- Purification- Immobilization, Optimization.

Introduction

L- asparaginase enzyme (EC 3.5.1.1) is found in all
living organisms, from bacteria to humans, and plays
a vital role in various activities. The enzymes
hydrolyze L-asparagine to L-aspartate and ammonia.
The substrate and product of this enzymatic reaction
are crucial in a variety of metabolic activities in all
species, from bacteria to humans. L-asparagine is the

most common metabolite in plants for nitrogen storage
and transport, which is used in protein production [1—
2]. L-aspartate is a key precursor of ornithine in the
urea cycle and transamination processes creating
oxaloacetate in the gluconeogenic pathway leading to
glucose in the human body [3-4].

L- asparaginase

L-asparagine + H;0

# L-aspartate + ammonium
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Initially, L- asparaginases produced interest because
of their anticancer activities. L- asparaginase is
utilized effectively to treat acute lymphocytic
leukemia [5-6]. The antitumor activity of L-
asparaginase is based on the dependence of specific
tumor cells on the extracellular supply of L-
asparagine. Unlike normal cells, malignant cells lack
the enzyme L- asparaginase, resulting in slow L-
asparagine synthesis. Thus, depletion of the circulating
pool of L- asparagine by L- asparaginase leads to the
destruction of tumor cells as protein synthesis cannot
be completed [7].

Functional forms of L- asparaginase exist as tetramers
of identical subunits with molecular weights ranging
from 130 to 160 kDa [8-9]. Each of the four active sites
is located between two neighboring monomers' N-
terminal and C-terminal domains. Therefore, L-
asparaginase tetramers can be considered dimers.
Even in this case, the active enzyme is always a
tetramer [10]. The L- asparaginase Escherichia coli
and Erwinia chrysanthemums are currently being used
clinically as effective drugs for the treatment of acute
lymphocytic leukemia. They are also used in the
treatment of Hodgkin's disease, acute myeloid
leukemia, acute myeloid leukemia, chronic
lymphocytic  leukemia, lymphocytic  leukemia,
sarcoma, and Melan sarcoma [11-13]. Unfortunately,
despite widespread use of L- asparaginase, patient
response to treatment rarely progresses without signs
of toxicity. The main side effects of L- asparaginase
are liver dysfunction, pancreatitis, diabetes,
leukopenia, neurological seizures, and clotting
disorders that can lead to intracranial thrombosis or
bleeding [14-15]. The anticancer activity of L-
asparaginase is due to its high affinity for the substrate
L- Asparagine (Km =102 mM). Because tumor cells
have low amounts of L-asparagine production,
depletion of L-asparagine in the circulating pools
starves them. L-glutamine can be hydrolyzed by some
enzymes with L- asparaginase activity. When L-
glutamine is the main ingredient, the enzymes are
known as glutaminase type enzymes because they
have superior substrate L- asparaginases [16].
Improvements in food technology have proved that
fried and baked meals (especially starchy foods)
contain high levels of acrylamide, a highly
carcinogenic toxicant created by Maillard's reaction
[17]. Before frying or baking, food items should be
treated with L-asparaginase to reduce acrylamide
generation and its harmful consequences [18]. L-
asparaginases from a variety of origins (fungal,
bacterial, animal, and plant) have been studied in this
area. L- asparaginases from Aspergillus species are
frequently utilized in the baking industry, however,
they are thermolabile and only active over a small pH
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range. Since temperatures are rising, enzymes that are
stable and active across a wide temperature and pH
range are required [19].

Several studies have been carried out to improve L-
asparaginase production culture conditions by
changing growth parameters such as L-asparagine
concentration, incubation temperature, fermentation
time, medium pH, inoculum size, and carbon and
nitrogen sources, all of which have a significant
impact on L-asparaginase production. The properties
of these enzymes have been demonstrated to vary
depending on the enzyme source [20]. Thermophilic
bacteria may survive in a wide temperature range (45-
80°C). They are known for making thermostable
enzymes with high stability and long shelf life [21-22].
The purpose of this study was to clone the gene
responsible for L-asparaginase from a thermophile
bacterial strain Staphylococcus aureus. Moreover,
overexpression, purification, and immobilization of
Staphylococcus aureus L-asparaginase on Ca alginate
beads were achieved. The optimum conditions of
both free and immobilized Staphylococcus aureus L-
asparaginase were determined.

2. Material and Methods:
2.1. Molecular biology and analytical reagent
grade chemicals were used in this study.

Staphylococcus aureus bacterial —strain  [23],
Escherichia coli DH5 strain, BL21(DE3) strain, and
pGEX-2T DNA plasmid were generously supplied by
Dr. Picksley, S. M. Bradford University, UK (GST
gene fusion plasmid IPTG inducible ApR).

2.2. Cloning of Staphylococcus aureus L-
asparaginase

Staphylococcus aureus was cultured at 37 °C in a
medium containing 1% peptone, 0.5% yeast extract,
and 1% NaCl. After 24 hours, cells were pelleted by
centrifugation and genomic DNA was isolated
according to standard procedures [24]. GenBank
BLASTN searches for Staphylococcus aureus strain
ILRI_Eymolel/1 genomic sequence using request
nucleotide sequence encoding L-asparaginase which
was deposited in the Nucleotide Archive under the
accession no LN626917.1

LN626917.1 generated a single open reading frame of
966 bp encoding the L-asparaginase gene. The
oligonucleotide forward (5’TAT AGG AGG ATC
CAT ATG AAA CAT3’) and reverse (5’ATG TTA
CGG _GAT CCT TAT AAT TCA 3’) primers were
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synthesized with BamH1 restriction site (underline) to
amplify the entire L-asparaginase gene from the
genomic DNA of Staphylococcus aureus. The PCR
reaction was performed with a total volume of 50 pl
containing 50 ng of each primer, 10 ng of
Staphylococcus aureus genomic template DNA, 0.2
mM of each dNTP, 5 pl of 10x Pfu buffer, and 2 units
of Pfu DNA polymerase (Stratagene, USA). The PCR
procedure consisted of 60 seconds at 96 °C, 60 seconds
at 46 °C, and 120 seconds at 72 °C. After 25 cycles, a
final elongation was performed at 72 °C for 5 minutes.
The obtained PCR product was digested with the
BamHL1 restriction enzyme to facilitate the cloning
process. The pGEX-2T DNA expression vector was
linearized with BamH1 restriction enzyme and treated
with calf intestine alkaline phosphatase to eliminate
the 5' phosphate ends of the plasmid. The linear
pGEX-2T DNA was ligated with the Staphylococcus
aureus L-asparaginase gene PCR product. The
resulting expression construct was sequenced along
both strands and used to transform BL21(DE3)pLysS
E. coli competent cells.

2.3. Expression, and purification of Staphylococcus
aureus L-asparaginase

E. coli cells containing the recombinant plasmid were
grown at 37 °C in 1L of LB medium containing 100
pg/ml - ampicillin. ~ The  overexpression  of
Staphylococcus aureus L-asparaginase protein was
induced by the addition of 1 mM isopropylthio-B-
galactoside (IPTG) when the absorbance at 600 nm
was 0.6-0.8. Samples were taken each an hour for
overexpression analysis. After 5 hours of induction,
the bacterial culture was centrifuged at 10,000 xg (4
°C) for 20 minutes to collect cells, suspended in
potassium phosphate buffer (20 mM, pH 8), and
sonicated at 10,000 xg (4 °C). The cell lysate was
centrifuged for 5 minutes to remove cell debris. The
supernatant was collected and polyethyleneimine was
added to a final concentration of 0.1% (w/v) to
eliminate DNA contamination by centrifugation at
10,000 xg (4 °C) for 5 minutes. The supernatant was
applied to a GST Sepharose column (5 ml, 3 cm x 2
cm, Pharmacia, USA) pre-equilibrated with potassium
phosphate buffer (20 mM, pH 8). The undesired
proteins were rinsed with a 30 ml equilibration buffer
followed by a 30 ml potassium phosphate buffer (20
mM, pH 8). The bound Staphylococcus aureus L-
asparaginase was eluted from the column with 0.2 M
NaCl in potassium phosphate buffer (20 mM, pH 8.5).

2.4. Assay of Staphylococcus aureus L-asparaginase
activity and protein

The Staphylococcus aureus L-asparaginase assay was
performed at 45 °C using a Hitachi U2000 double
beam UV-VIS spectrophotometer equipped with a cell
holder with a thermostat (optical path length 10 mm).
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L-asparaginase activity was measured by determining
the rate of ammonia formation utilizing glutamate
dehydrogenase [25]. The final assay volume of 1 ml
contained 70 mM Tris-HCI buffer, pH 8.0, 1 mM L-
asparagine, 0.15 mM [J-ketoglutaric acid, 0.15 mM
NADH, 4 units of glutamate dehydrogenase, and a
sample with L-asparaginase activity. Alternatively, the
rate of ammonia production was also measured at 45 °
C using Nessler's reagent [26]. The unit of L-
asparaginase activity is defined as the amount of
enzyme that releases 1 mol of ammonia from L-
asparagine at 45 °C / min. Protein concentration was
determined at 25 °C using bovine serum albumin as
standard [27].

1.5. 3D structural modeling, phylogenetic tree
construction, and sequence analysis of
Staphylococcus aureus L-asparaginase

The nucleotide sequence of Staphylococcus aureus L-
asparaginase was analyzed and compared to
previously deposited sequences in the database using
the Basic Local Alignment Search Tool (BLASTn and
BLASTp) provided by NCBI
(https://www.ncbi.nlm.nih.gov/protein/ LN626917.1)
and aligned using the ClustalO and DNA Star
programs. The Phylogeny.fr Software
(http://www.Phlyogeny.fr) was exploited to form the
phylogenetic tree for Staphylococcus aureus L-
asparaginase [28]. The Software from
http://www.ebi.ac.uk/thornton-sev/ databases/sas/ was
exploited to accomplish sequence annotation for
Staphylococcus  aureus  L-asparaginase  [29].
Following a template search against the Swiss-Model
template library with BLAST and HHB lits, three-
dimensional (3D) structure prediction and model
construction was carried out. BLAST against the
primary amino acid sequence present in the SMTL was
utilized to catch the Staphylococcus aureus L-
asparaginase target sequence. A total of 38 templates
were revealed, and the template quality was predicted
using target-template alignment features. For model
construction, the highest-quality template was chosen.
ProMod3 was then utilized to create models based on
the target-template alignment. The template was
utilized to copy coordinates that were conserved
between the target and the template. Finally, the
QMEAN scoring function [30] was utilized to evaluate
the global and per-residue model quality.

2.6.  Staphylococcus
immobilization in
Composites.

By combining gelatin (3%) with sodium alginate
solution (5%) in water and then cross-linking with
glutaraldehyde, gelatin-alginate combinations were
formed. Sodium alginate (500 mg) and gelatin (300
mg) were typically combined in a conical flask with

aureus  L-asparaginase
Calcium  Alginate-Gelatin
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distilled water (8 ml) and autoclaved for 15 minutes at
120 °C [31]. With steady stirring with a magnetic
bead, the hot solution was allowed to cool to room
temperature. After that, 3 mL of pure Staphylococcus
aureus L-asparaginase was added, and the mixture was
agitated for 15 minutes. The contents were agitated for
another 15 minutes after adding glutaraldehyde (0.3 ml
of a 25% solution in water). This slurry was then
placed in a dropping funnel with a plastic tip and
dropped into a cold CaCl, solution (4 °C) drop by
drop. The beads were allowed to solidify in the CaCl;
solution for 30 minutes. The beads were rinsed with
distilled water and stored in the refrigerator after the
supernatant was decanted.

2.7. Effect of pH and temperature on
Staphylococcus aureus L-asparaginase activity

In the pH range of 6.0 to 10.0, the free and
immobilized Staphylococcus aureus L-asparaginase
activity was evaluated. 100 mM Tris—HCI (pH 6.0—
10.0) was employed as a buffer. The reactions were
carried out in a temperature-controlled water bath at
their optimal pH values and throughout a temperature
range of 20 to 80°C to investigate the effect of
temperature on free and immobilized pure
Staphylococcus aureus L-asparaginase activity.

2.8. Electrophoresis

SDS polyacrylamide gel electrophoresis was
performed according to the method of Laemmli [32]
on a slab gel containing 12.5% (w/v) polyacrylamide
(running gel) and 2.5% (w/v) stacking gel. The protein
bands were stained with Coomassie Brilliant Blue R-
250.

2.9. Cell culture and cytotoxicity test using Alamar
Blue and MTT assay:

The THP-1 cell line was offered by ATTC® for this
study. THP-1 cells were grown in RPMI 1640
medium, which included 10% heat-inactivated fetal
bovine serum, 1% glutamine, 100 U/mL penicillin,
and 100 mg/mL streptomycin. On a 96-well plate,
cells were seeded at a density of 10,000 cells per
well, then treated with different amounts of purified
Staphylococcus aureus L- Asparaginase and
incubated for 48 hours at 37 °C in 5% CO,. Untreated
cells were seeded in the same circumstances as the
treated cells, in a 20 mM potassium phosphate buffer
(pH 8). Following incubation, each well-received 10
ml of alamarBlue reagent (10 percent alamarBlue,
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Invitrogen), and incubation was maintained at 37 °C
for another 4 hours. The absorbance of the plates was
measured at 570 nm for the plates and 600 nm for the
reference using a micro-plate reader. The percentage
of cell viability was expressed relative to the control
cells after blank normalization [33]. Morphological
changes in THP-1 cells were explored and
documented using phase-contrast optical microscopy
at a magnification of 40.

3. Results:

Staphylococcus aureus L-asparaginase gene
identification and sequence analysis:

The genome of Staphylococcus aureus contained a
unique L-asparaginase entire sequence was acquired
and uploaded in the GenBank database
(https://www.ncbi.nlm.nih.gov/protein/ LN626917.1).
The L-asparaginase gene in Staphylococcus aureus
has 966 base pairs and codes for a protein with 322
amino acids, allowing for sequence analysis (Figure
1). The NCBI Blast server's Blast P software was used
to compare the protein sequence of Staphylococcus
aureus L-asparaginase to L-asparaginase from other
bacteria, with statistically significant high similarity
scores (Table 1). The highest percentage of sequence
identity (99.1%) was found in Staphylococcus aureus
966 bp (GenBank accession number Q2FYF4), while
the lowest percentage of sequence identity (49.1%)
was found in Amphibacillus marinus (GenBank
accession number AOA1H8GDI3) (Table 1).

Figure 2A exhibitions the alignment of the deduced
amino acid sequence of Staphylococcus aureus L-
asparaginase  with  Streptococcus  pneumonia,
Clostridioides, Deinococcus radiodurans, Escherichia
coli str. K-12 substr. MG1655 and Escherichia coli
0157:H7 str. Sakai illustrative associate of the L-
asparaginase family. The phylogenetic tree (Figure
2B) was built employing the neighborhood joining
approach based on the L-asparaginase amino acid
sequence of Streptococcus pneumonia, Clostridioides,
Deinococcus radiodurans, Escherichia coli str. K-12
substr. MG1655, Escherichia coli O157:H7 str. Sakai
common phylogenetic resemblances with
Staphylococcus aureus L- asparaginase, but migrated
to other clusters away from other bacterial species,
such as Streptococcus pneumonia, Clostridioides,
Deinococcus radiodurans, Escherichia coli str. K-12
substr. MG1655, Escherichia coli 0157:H7 str. Sakai
(Figure 2B), representing L-asparaginase deviation.
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Table 1: Staphylococcus aureus L-asparaginase deduced amino acid homology with organisms

Entry Organisms Identity
Q2FYF4 Staphylococcus aureus 99.1%
Q4L6I13 Staphylococcus haemolyticus 72.6%
A0A2KABWD7 Staphylococcus auricularis 72.9%
Q5HP67 Staphylococcus epidermidis 70.4%
Q49XT2 Staphylococcus saprophyticus 70.1%
K9B7S5 Staphylococcus massiliensis 70.1%
AOA178NU85 Staphylococcus lentus 59.5%
A0A328AT7E9 Macrococcus bohemicus 61.5%
AO0A4Q1BCES Macrococcus sp. DPC7161 60.5%
BOE6LS8 Macrococcus caseolyticus 57.6%
AO0A4V3BFC5 Macrococcus lamae 59.4%
AO0A398BIN4 Mesobacillus zeae 55.5%
AOAODG6XRT9 Staphylococcus microti 69.1%
AOA3L7IXP6 alsibacillus albus 54.1%
AO0A2N5G4E4 Bacillus sp. V3-13 53.9%
A0A4R1QJ80 Thermolongibacillus altinsue 53.8%
AO0AOM2SY82 Mesobacillus campisalis 54.2%
Q9KCE7 Alkalihalobacillus haloduran 53.8%
AOA1H4CK39 Thalassobacillus cyri 53.6%
AOAOK9HO072 Peribacillus loiseleuriae 51.6%
AOA4V1AN3L Paenisporosarcina antarctica 53.1%
AOA1H8GDI3 Amphibacillus marinus 49.2%
5'atgaaacatctacttgttattcatactggtggcaccattagtatgtcacaagaccaatct
1 M K H I. I A'4 I H T G G T I s M s Q D Q s
aataaagtagtaacaaatgatattaaccctatttcactgcatcaagatgtcataaatcaa
21 N K A v T N D I N P I s L H Q D A' I N Q
tatgcacaaatagatgaattaaatccttttaatgtaccatcacctcatatgacaatccaa
471 b 4 A Q I D = L N P E N ~ P s P H M T I Q
catgttaaacaattaaaggatattattttagaagcagtaacaaataaatattatgatggt
61 H v K (@] L K D I I L BE A A'4 T N K Y Y D G
ttegttatcacgcatggtaccgatacgttagaagaaactgcecctttttacttgatttaata
81 F v I T H G T D T I E E T A F I I D L I

ttaggtatcgagcaacctgttgttattactggecgcaatgaegctagtctaatgaaattggt
101 L G I B Q P ~ A's I T G N M rR s s ~N B I G
toctgacggattatataattatatttecaegcectattaegagttgaoctaectgatgaaaaggccacga
121 s D G " Y N Y I s A I R v A s D B K A R
cataaaggcgtgatggttgtatttaatgatgaaatacatacggcgcgtaatgttaccaaa
141 H K G v M v v ¥ N D E I H T A R N v T K
acacatacgtctaatacaaacacatttcaaagtccaaatcatggteccgctaggtgtattg
161 T H T s N T N T F Q s P N H G P L G v L
acaaaggatcgtgtgcaattccatcatatgccatatcgccaacaagcattggaaaatgtc
181 T K D R v o] F H H M P b 4 R (] o A I B N A4
aatgagaaactaaatgtaccattagtaaaagcatatatgggtatgccaggtgacattttt
201 N E K I N v P I v K F2N Y M G M P G D I F
agtttttatagtecgtgaaggtatcgatggtatggttattgaagcgttagggcaaggcaac
221 s F 4 s R E G I D G M v I B A h G Q G N
atgcctccaagcgcattagaaggcattcaacaattagtatctttaaatatacctattgtg
2471 M r P s B L E G I Q Q L v s L N I P I A4
ctagtttcacgttcctttaatggtattgtgagtccaacttacgcatacgatggtggtggt
261 L v s R = F N G I v = P T b 4 A b4 D G G G
taccaactcgcacaacaaggttttattttttcectaacggtttgaatggtccaaaagcaaga
281 b4 [e] L A (@) (e} G F I F s N G h N G P K A R
ttaaaattattagtcgecgttaagcaataatttagataaagctgaaatcaaatcatatttt
301 I K I. I. A4 D I. s N N I. D K A BE I K s Y F
gaattatag3’
321 B L *

Figure 1: Staphylococcus aureus L-asparaginase nucleotide and deduced amino acid sequence. The L-asparaginase
amino acid signature (residues Asparagine 157,173, 309, 310, Threonine 12, 84, 93, 161 and 166, and Glycine 230)
is displayed in bold underlining. The start codon (atg, Methionine) is highlighted with a double underline, and the
asterisk denotes the stop codon (tag).
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x 1 mmmm e e M-KHLLVIHTGGTISMSQDOS --NKVVTNDT - -NPISLHQOQDVINQYAQTIDELNPFNVPS 54

A IT 1  eemsececececsccs s - -] MPKKILVLHTGGTISMOADAS --GAVVTSSD - -NPMN-HVSNPLEGIQVHALDFFNLPS 54
IIT 1 DS = o o e e IKKKVAIVFTGGTISMTVDDKV--GAATPTLSGEQILSMVTNIDKVADVEVFNFDEIPG 59
Iv i P = = o o o o e o ASLPRLALIHTGGTIASRPSPD--GRGLTPQT--PPALPGL--—--EGVQVSEHQPFNLPS 54
v 1 MEFFKKTALAALVMGFSCGAALALPNITILATGGTIAGGGDSATKSNY TVCGKVGVENLVNAVEFQLEDIANVKGEQVVNIGS 80
vI 1 MEFFKKTALAALVMGFSGAALALPNITILATGGT IAGGGDSATKSNY TAGKVGVENLVNAVPQLKDIANVKGEQVVNIGS 80

2
x 55 PHMTIQHVEKQLKDIILEAVTNEY YDGFVITHGTD TLEETAFLLDLILGIEQPVVITGAMRSSNEIGSDGLYNY ISAIRVA 134
Ix 55 PHIKPEKHMLVLYQKIKEEADN- Y¥YDGVVITHGTDTLEETAYFLDTMEVPHMPIVLTGAMRSSNELGSDGVYNYLSALRVA 132
IIT 60 PHITPYRMMELKNYVNDLLARKD I TGVVITHGTDSLEETAYFLDLTIDNIKPVIVTGAMRSSSELGYDGSSNLSASVCTA 139
Iv 55 PHVTPAHMQOLAHLIEQLAGGH DAVVVTHGTDTLEETAFFLHLCLPAGLPVVLTGSMRHAEEVSWDGPGNLLDAAQVA 132
v 81 QDMNDNVWLTLAKKINTDCDKT DGFVITHGTDTMEETAYFLDLTVKCDKPVVMVGAMRPSTSMSADGPFNLYNAVVTA is58
vI 81 ODMNDDVWLTLAKKINTDCDKT DGFVITHGTDTMEETAYFLDLTVKCDKPVVMVGAMRPSTSMSADGPEFNLYNAVVTA 158
x 135 SDEKARHKGVMVVENDEIHTARNVIKTHTSNTNTFQSPNHGPLGVLTED - ——--~RVQFHHMPYRQQALENV NEKL 204
Ix 133 SDDRAADKGVLVVMNDEITHAAKYVITKTHTTNVSTFQTPTHGPLGLIMKQ-——-—EILYFEKTAEPRVRFDLD HIQG 202
IIT 140 VSKDAMGKGVLVVLNNEVLLASEATKTNTLSLNTFKSLTSGPLGITITDCN-——--ELVLTRDIVNRTIIDTD - — — — — — KVES 209
Iv 133 LCPOTAGRGPLVVEFGGDIFDARTVIKVHTSAVDAFGGY P-GPTGRIDRTAAGPOVHYFARPEPRPTFRPV -~ — — — — — TLER 205
h's 159 ADKASANRGVLVVMND TVLDGRDVTKTNTTDVATFKSVNYGPLGYTHNG -~ - ~-KIDYQRTPARKHTSDTPFDVSKLNELP 234
vI 159 ADKASANRGVLVVMND TVLDGRDVTKTNTTDVATFKSVNYGPLGYTHNG -~ - ~-KIDYQRTPARKHTSDTPFDVSKLNELP 234
I 205 NVPLVKAYMGMPGDIFSFYSREGIDGMVIEALGOGNMPPSALEGIQOQLVSLNIPIVLVSRSENGIVSPTYAYDGGGYQLA 284
Ix 203 LVPIISAYAGMTDELIDMLDLEHLDGLIIQAFGAGN I PKETAQKLESLLOKGIPVALVSRCENGIAEPVYAYOGGGVQOLQ 282
ITIT 210 KVALFKAYVGENADFIRFAVDSGYKGIVIEAMGRGNTI PPOMLSGVEYAREKGLPVVIVSRCHSGRVFDSYGYFGSGRDLK 289
Iv 206 RVEILYAYAGWOGEGYAGAL-ERADGLVIAALGTGNLPPELLPLTAATDK-~--PVVLATRTHAGPILPVYGYAGGGATLV 281
v 235 KVGIVYNYANASDLPAKALVDAGYDGIVSAGVGNGNLYKSVFDTLATAAKTGTAVVRSSRVPTGATT———=— QDAEVDDA 309
vI 235 KVGIVYNYANASDLPAKALVDAGYDGIVSAGVGNGNLYKSVFDTLATAAKNGTAVVRSSRVPTGATT - ———— QDAEVDDA 309
I 285 QOGFIFSNGLNGPEARLKLLVALSNNLDKAEIKSYFEL———— 322 I. This work
Ix 283 KAGVFFVKELNAQKARLKLLIALNAGLTGQALKNYMEG——— — 320 IT- Sedqu ID: WP 001124778 _1
IIT 290 NLGCIFGGDLPGOKARTIKLILALGKTDNLDEIKDFFEKGIYC 331 ITT-Sedqu ID:WP_003431031 .1
Iv 282 EAGAIPASFLNAHKARLLLLVLLNLGASRED IRRVFTQGVFE - 322 Iv. S ID: WP 034350512 .1
v 310 KYGFVASGTLNPOQKARVLLOLALTOTKDPOQQIQQIFNQY——— 348 V. S ID:NP_417432.1
vI 310 KYGFIASGTLNPOKARVLLOLALTOQTKDPOQOQIQQIFNQY —— — 348 vI. ID:NP_311860.1
B Escherichia coli str. K-12 substr. MG1655 (NP_417432.1)

Escherichia coli O157:H7 str. Sakai (NP_311860.1)
wClostridioides (WP_003431031.1)

awDeinococcus radiodurans (WP _034350512)
Staphylococcus aureus (This work)

WStreptococcus pneumoniae (WP_001124778.1)

Figure 2: (A)-Pairwise alignment of L-asparaginase of Staphylococcus aureus (I) and L-asparaginases of
Streptococcus pneumonia (I1), Clostridioides (I11), Deinococcus radiodurans (1V), Escherichia coli str. K-12
substr. MG1655 (V), Escherichia coli 0157:H7 str. Sakai (V1). Red asterisks show the conserved segment near the
N-and carboxy terminal end and the green asterisks show the conserved threonine residues representing the catalytic
triad threonine 9, 12, 83, 92, 159 and 164 involved in catalysis. (B)- Staphylococcus aureus L-asparaginase and L-
asparaginases of Streptococcus pneumonia, Clostridioides, Deinococcus radiodurans, Escherichia coli str. K-12
substr. MG1655, Escherichia coli O157:H7 str. Sakai phylogenetic relationship. Maximum probability tree based

on GenBank-deposited full coding sequences.

Structures prediction for Staphylococcus aureus

L- asparaginase

The primary structure of the Staphylococcus aureus L-
asparaginase enzyme reveals that it has nonpolar,
polar, hydrophobic, and aromatic amino acids as
symbolized in Figure 3A. The sequence elucidation of
Staphylococcus aureus L- asparaginases and
secondary structural motif elements (Fig. 3B) exposed
some interesting common characteristics. To begin, a
signature for L-asparaginase was discovered, which
included conserved invariant amino acid residues such
as Asparagine 51, 126, 240, Threonine 9, 12, 84,
87,93, and Glycine 143, 175, 178, 230, 237, 239, all of
which were involved in substrate (Asparagine)
recognition, binding, and catalysis. The secondary
structure of Staphylococcus aureus L-asparaginase
(Fig. 3B) was predicted to have up to 16 helix
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structures (26.7%) and 13 strand structures (19.3%), as
well as a substantial number of locations for
advantageous coil and turn formation (54 %).
Staphylococcus aureus L- asparaginase 3D was
projected to be a homodimer with 16 helix and 13
strands (Fig. 3 C, D, and E), which was similar to h L-
asparaginase3 in 3D structure. GgogFVITHGTDLEET g,
was found in  Streptococcus  pneumonia,
Clostridioides, Deinococcus radiodurans, Escherichia
coli str. K-12 substr. MG1655, Escherichia coli
0157:H7 str. Sakai, and Staphylococcus aureus L-
asparaginases. A1ssRNVTKTHTSNTNT 68  Was
discovered to play a key role in the cleavage reaction
and autoactivation of Staphylococcus aureus L-
asparaginase in the presence of high threonine
concentrations (Fig. 3A).



L- ASPARAGINASE FROM STAPHYLOCOCCUS AUREUS... 251

10 20 30 40 50

18 6 L 7 o o v (R s s [0 s N A 1 e s Y IIIIIIII H s
P s P[5 e O ) R G F VI T TS T EEET A EE

KL
» EEMs BNN- Ve s Es e
o ENEEMAEs INEEEA BN v - EE

[ small nonpolar

Cant

Prod

An

Cant

Prod

An

conr

Prod

AA

. s [RIIEl o W8] o [ v & o[NP P Es
W¥servavBecey IIIIII Fll* llllllllll 300

322

[ Hydrophobic

B polar

| Aromatics plus cystiene

NVPSPHMTI QHVKQLKDI | LEAVTNKYYDGFVI THGTDTLEETAFLLDLI

©o 70 80 0 100

|

HCccccEEEECcccccccccccHHHHHHHHHHHHHCHHHCCCCEEEEECC
LGl EQPVVI TGAMRSSNEI!I GSDGLYNYI!I S Al RVASDEKARHKGVMVVFND

110 120 130 140

8

EEEECCCEEEECCCCCCCCCCCCCCCEEEEECCEEEECCCCcCcccccccccc
El HTARNVTKTHTSNTNTFQSPNHGPLGVLTKDRVAQFHHMPYRQQALENYV

NEKLNVPLVKAYMGMPGD!I FSFYSREGI DGMVI EALGQGNMPPSALEG! Q

210 220 230 240 280

.
HHHHCCCEEEEECCCCCCCCCCCCCCCCCHHHHHHCCEEECCCCCHHHHH

QLVSLNI PI VLVSRSFNGI VSPTYAYDGGGYQL AQQGFI FSNGLNGPKAR

260 270 200 290 30

8

HHHHHHHHCCCCHHHHHHHHKHCC

310 3zo 130 340 aso

Conf: -_EFF‘r Confidence of prediction
Cart: 3-state assignment cartoon

I
I
o
%

: 3-state prediction
Target Sequence

C D

E

Figure 3: (A) Primary structure and position of nonpolar, polar, hydrophobic, and aromatic amino acid in
Staphylococcus aureus L- asparaginase. (B) Staphylococcus aureus L- asparaginase secondary structure. Yellow
boxes (- strand) and pink boxes (-helix) and gray boxes (-coil) represent protein secondary structural components.
(C-E) A model of the expected 3D structure of Staphylococcus aureus L- asparaginase. predicted 3D structure -
helix is blue, -strands are red, and coils are cyan in this cartoon representation of a tetramer structure.

Amino acids composition of Staphylococcus aureus
L- asparaginase

The amino acid composition of Staphylococcus aureus
L- asparaginase is recognized by the expasy database.
The L- asparaginase enzyme has 322 amino acids with
molecular Formula Cis87H2504N4300479S10 and a total
number of atoms of 5010. The Theoretical molecular
weight of this enzyme is 35.6 kDa with P1 5.93. The
amino acids leucine and Isoleucine are repeated in
Staphylococcus aureus L- asparaginase 3land 26
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times with a percent of 9.3% and 8.1%, respectively.
The amino acids arginine and threonine are found in
Staphylococcus aureus L- asparaginase 24, and 18

times with percentages of 7.5% and 5.6%,
respectively. The Staphylococcus aureus L-
asparaginase does not have either cystine or

tryptophane. The total number of negatively charged
residues (Aspartic + Glutamine) is 31 and the total
number of positively charged residues (Arginine +
Lysine) is 24 (Table 2).
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Table 2: Amino acids composition of Staphylococcus aureus L- asparaginase

Amino Acid Symbol Number Percent
1.  Alanine A 17 5.3%
2. Arginine R 9 2.8%
3. Asparagine N 24 7.5%
4.  Aspartic D 16 5.0%
5. Cystine Cc 0 0.0%
6. Glutamine Q 18 5.6%
7.  Glutamic E 15 4.7%
8.  Glycine G 25 7.8%
9.  Histidine H 12 3.7%
10. Isoleucine I 26 8.1%
11. Leucine L 30 9.3%
12. Lysine K 15 4.7%
13. Methionine M 10 3.1%
14. Phenylalanine F 12 3.7%
15. Proline P 15 4.7%
16. Serine S 22 6.8%
17. Threonine T 18 5.6%
18. Tryptophane W 0 0.0%
19. Tyrosine Y 12 3.7%
20. Valine \% 26 8.1%

Time course and expression of Staphylococcus
aureus L- asparaginase polypeptide

Using the required forward and reverse
oligonucleotides primers, the L- asparaginase gene
was amplified by PCR from Staphylococcus aureus
chromosomal DNA, providing the predicted 1 kbp
DNA product with nearby nucleotides (Fig. 4A),
which included the 966 bp L- asparaginase gene with
flanking DNA. Under the IPTG-inducible Tac
promoter and the lacl repressor control, the PCR
product was ligated into the Bam HI restriction site in
the pGEX-2T DNA plasmid (Fig. 4B). The L-
asparaginase gene was in-frame and appropriately
located concerning the plasmid Tac promoter.

The appearance of putative induction of
Staphylococcus aureus L- asparaginase polypeptides
throughout time is depicted in Fig. 4C. Attime 0 h, E.
coli competent cells were transformed with the
recombinant plasmid and the L- asparaginase protein
overexpressed with 1 mM IPTG, samples obtained

every 1 h. After 2 hours of IPTG induction,
Staphylococcus aureus L- asparaginase
overproduction was apparent (Fig. 4C, lane 5), and
peak expression was reached after 5 hours (Fig. 4C,
lane 8). The L- asparaginase polypeptide demonstrated
the highest expression after 5 hours of IPTG induction.
The coding sequence of Staphylococcus aureus L-
asparaginase was cloned and produced in E. coli BL21
(DE3) pLysS under the control of the T7 promoter of
the pGEX-2T DNA vector. The GST fusion
recombinant L- asparaginase was bound to the
glutathione sepharose 4B column matrix, and then
eluted from the column using a buffer containing 10
mM reduced glutathione. Purified recombinant
Staphylococcus aureus L- asparaginase was found to
have a single band of 35 kDa on SDS-PAGE (Fig. 4D).
The specific activity of the purified enzyme was
1680.4 U/mg protein, and the purified recombinant
enzyme had a purification fold of 117.6, providing a
total yield of 67.7 percent (Table 3).

Table 3: Purification of Staphylococcus aureus L- asparaginase

Purification st Volume || Total protein || Total activity || Specific activity Yield || Purification
urification step (ml) (mg) @) (U/mg) (%) fold

| Crudeextract || 60 | 452 | 6458 | 14.3 | 200 || 100 |

[Polyethyleneimine|| 60 | 417 | 6084 | 14.6 | 942 || 102 ]
Glutathione
Sepharose 4B 10 2.6 4369 1680.4 67.7 117.6

Egypt. J. Chem. 66, No. 5 (2023)
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Figure 4: (A)-The PCR product of the 1kbP DNA fragment of the L- asparaginase gene of Staphylococcus aureus.
The DNA fragment was analyzed on a 1.3% TAE agarose gel. Lane 1: DNA marker (Gel pilot Wide range ladder
100 -Qiagen). Lane 2: 1 kbP DNA fragment PCR product of L- asparaginase gene. (B) -Schematic diagram of the
recombinant Staphylococcus aureus L- asparaginase overexpressions construct. The L- asparaginase gene was
cloned downstream of the Tac promoter in the pGEX-2T DNA expression vector, which also contained the genes
for lacl and lacZ repressors, pBR322 origin, and ampicillin resistance. (C) - Induction time course for
overexpression of L- asparaginase protein. Early to the mid-log culture of E. coli BL21with L- asparaginase
recombinant plasmid was induced at time 0 hours with IPTG at a final concentration of 1 mM and samples were
taken and analyzed by 10% SDS-PAGE gel at times indicated (Lane 2-8), protein marker Lane 1 Sigma SD6H2
(M. Wt 25,000-200,000 KDa). (D)- The purification profile of the L- asparaginase protein on SDS-PAGE. Lane 1
protein marker, Lane 2 E. coli L- asparaginase crude extract, lane 3 Crude extract treated with PEI. Lane 4
Glutathione sepharose 4B column eluted L- asparaginase.

Immobilization of Staphylococcus aureus L- Figure 5A illustrates the effect of pH on the activities
asparaginase of free and immobilized Staphylococcus aureus L-
Staphylococcus aureus L- asparaginase in presence of asparaginase. The activities of free and immobilized
glutaraldehyde is efficiently immobilized in calcium Staphylococcus aureus L- asparaginase were
alginate gelatin composites. The immobilized enzyme measured throughout a pH range of 6 to 10. The
had 78 percent of the activity of the native enzyme, perfect pH for the activity of free Staphylococcus
showing that the immobilization approach is aureus L- asparaginase was found to be 8.0 (Fig. 5A).
particularly appropriate for the Staphylococcus aureus Purified Staphylococcus aureus L- asparaginase is
L- asparaginase. active in alkaline solutions. The immobilized enzyme's
best pH was found to be pH 8.5. (Fig. 5A). The
Effects of pH on Staphylococcus aureus L- immobilized Staphylococcus aureus L- asparaginase
asparaginase activity. has a higher optimum pH than the free enzyme.

Egypt. J. Chem. 66, No. 5 (2023)
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Fig. 5: (A)-Effect of pH on the activity of free and immobilized Staphylococcus aureus L- asparaginase. (B)- Effect
of temperature on the activity of free and immobilized Staphylococcus aureus L- asparaginase in 100mM Tris—HCI
buffer (pH 8.0 for free asparaginase Il and pH 8.5 for immobilized enzyme). (C)- Thermal stability of free and
immobilized Staphylococcus aureus L- asparaginase with incubation time at 60 ° C. Results are the mean + SD of
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Effects of temperature on Staphylococcus aureus L -
asparaginase activity.

After pre-incubating Staphylococcus aureus, L-
asparaginase for 30 minutes at temperatures ranging
from 20 to 80 °C, the optimum temperature for
Staphylococcus aureus L- asparaginase activity was
revealed. As indicated in Fig. 5B, the optimum
temperature for free Staphylococcus aureus L-
asparaginase activity was 45 °C and pH 8.0. The
immobilized Staphylococcus aureus L- asparaginase
optimum temperature is shifted to a higher
temperature and recorded at 50 °C. The immobilized
enzyme's optimal temperature is greater than the free
Staphylococcus aureus L- asparaginase.

Heat stability of free and immobilized
Staphylococcus aureus L- asparaginase

At 55 °C for the prescribed duration, the heat stability
of the immobilized Staphylococcus aureus L-
asparaginase was compared to that of the free enzyme
(30 min). The thermal stability of the immobilized
Staphylococcus aureus L- asparaginase was
considerably improved, according to the data given in
Figure 5C. For example, after heat treatment at 55 °C
for 30 minutes, the free enzyme preserved 21 percent
of its starting activity, whereas the immobilized
enzyme retained 67 percent, indicating a 3-fold
increase in heat stability at the defined conditions.

Substrate specificity of Staphylococcus aureus L-
asparaginase

A notable advantage of using L-asparaginase to treat
acute lymphocytic leukemia is the lack of glutaminase
activity. A variety of reaction substrates were used to
test the substrate specificity of Staphylococcus aureus
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L-asparaginase. At a concentration of 10 mM, the
purified recombinant enzyme had the highest activity
and selectivity for the reaction substrate L-Asparagine,
with no activity for L-Glutamine, acrylamide, or urea.

Effect of metal ions, EDTA, and reducing agents on
Staphylococcus aureus L- asparaginase

Sulfate and chloride metal ions, as well as reducing
agents, were studied (Table 4). At a concentration of 1
mM, both NaCl and KCI increased Staphylococcus
aureus L- asparaginase activity, whereas ZnCly,
CuCly, HgCl, MgCly, and CaCl; inhibited it in the
following order: HgCl,> CaCl, >ZnCl, >CuCl;>
MgCl.. In contrast, the majority of metal ions tested in
sulfate forms inhibited Staphylococcus aureus L-
asparaginase activity. At 1- and 5-mM concentrations,
reducing agents like DTT and 2-mercaptoethanol
decreased enzyme activity marginally (Table 4). The
effect of the metal-chelating agent EDTA was also
studied, and it was observed that EDTA reduced the
activity of Staphylococcus aureus L- asparaginase by
62.4 percent and 47.9 percent, at concentrations of 1
mM and 5 mM respectively.

Cytotoxicity of recombinant Staphylococcus aureus
L- asparaginase on cell lines

Using different doses of pure Staphylococcus aureus
L- asparaginase, the effects of purified recombinant
Staphylococcus aureus L- asparaginase on the human
leukemia cell line THP-1 were examined. Significant
morphological alterations were detected after 48 hours
of therapy, according to our findings (Fig. 6 A and C).
As a result of the formation of intracytoplasmic
granules and apoptotic bodies, the number, size, and
shrinkage of enzyme-treated cells were reduced. When
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compared to untreated cells, cells treated with
paclitaxel at a dose of 20 M as positive control showed
similar morphological changes (Fig. 6 A-B). Cell
viability and cell death appear to be hampered by these
drastic changes in cell structure. The alamarBlue assay

was used to see if recombinant Staphylococcus aureus
L- asparaginase had any effect on THP-1 cell survival.
The recombinant L- asparaginase reduced cell
viability in a dose-dependent manner, with an I1Csq of
0.75 IU (Fig. 6 D).

Table 4: The effect of reducing agents, EDTA, and certain metal ions (chloride and sulfate forms) on the activity

of Staphylococcus aureus L-asparaginase.

Effector Residual Activity %
Control 100 %
1mM 5mM

NaCl 109.5 87.9
KCI 107.3 85.4
HgCl2 315 18.7
CaClz 80.4 71.1
CuClz 84.7 74.8
MgCl: 94.8 84.3
ZnCl2 82.7 76.6
Na2SO4 86.3 70.4
CuSOs4 63.9 55.7
MgSO4 54.8 47.4
NiSO4 725 64.7
EDTA 62.4 479
DDT 79.8 71.3
2-C2HsSH 98.4 93.7

g

2 04 1Cc50=0.751U

5---3

«©

= 40

3

© 204

L] L] L] L] L] L]
-0.2 0.0 0.2 0.4 0.6 0.8 1.0

Enzyme Concentration (1U)

Figure 6: The shape of human leukemia THP-1 cells is altered by recombinant Staphylococcus aureus L-
asparaginase. Purified recombinant L- asparaginase at a concentration of 1 IU was used to treat cells for 48 hours
THP1 cells that had not been treated (A), paclitaxel-treated cells (B), and purified recombinant L- asparaginase -
treated cells (C). The intracytoplasmic granules are indicated by red arrows. (D) THP-1, the cell line is killed by
Staphylococcus aureus L- asparaginase. Different concentrations of Staphylococcus aureus L- asparaginase were
utilized to treat the cell line for 48 hours. The percentage of cell viability was calculated using AlamarBlue and
MTT tests. The ICso of Staphylococcus aureus L- asparaginase for THP-1 was calculated.
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Discussion:

The recombinant DNA technique was used in a
different bacterial host to achieve overproduction of
economically essential pharmaceutical enzymes like
L-asparaginase. Several genetic elements found in
diverse bacterial genera control this enzyme. In
Bacillus, L-asparaginase is found in an operon with L-
asparaginase B, which codes for L-asparaginase. L-
asparaginase R inhibits the expression of the L-
asparaginase AB operon, and the activity of L-
asparaginase R is considered to be regulated by
asparagine or aspartate. A non-pathogenic strain of
Staphylococcus aureus was used to clone, over-
express, and describe the L-asparaginase gene. The
protein sequence of Staphylococcus aureus L-
asparaginase was compared to L-asparaginase from
Streptococcus pneumonia, Clostridioides,
Deinococcus radiodurans, Escherichia coli str. K-12
substr. MG1655, Escherichia coli O157:H7 str. Sakai
uses the Blast P program in the NCBI Blast server.
Staphylococcus aureus L-asparaginase lacks the L-
glutaminase active site signature present in most
microbial L-asparaginases, including E. coli and E.
chrysanthemi, according to sequence annotation by
structure. These L-asparaginases show dual activity
against both the reaction substrates, L-asparagine and
L-glutamine, and account for 2-10% of their L-
asparaginase activity [34]. This property of
Staphylococcus aureus L- asparaginase is observed
with significant significance due to the development
of immunogenicity and cytotoxicity associated with
the treatment of acute lymphoblastic leukemia patients
[35]. L-asparagine and lysophospholipids are
hydrolyzed by the 60-kDa lysophospholipase enzyme.
This enzyme belongs to the bacterial type family and
is related to E. coli type | and Il L- asparaginase. This
enzyme is identical to E. coli type | and Il L-
asparaginase. Human L-asparaginase is a lysosomal
aspartylglucosaminidase and a plant type L-
asparaginase that eliminates asparagine-bound
carbohydrate groups [36 -37]. Third, human L-
asparaginase is h asparaginase3, a plant type L-
asparaginase that resembles E. coli type Il L-
asparaginase structurally [38- 39]. This conserved
region, GaIDGMVIEALGQG24, is involved in h
asparaginase3 auto-cleavage, self-activation, and
catalytic activity in the presence of free amino acid
glycine [40]. The catalytic triad of Staphylococcus
aureus L-asparaginase has four threonine residues, thr
9, 12, 83, 92, 159, and 164, which are essential and
responsible for the catalytic activity towards the L-
asparagine substrate. Thrise, Which is not necessary for
autocleavage but is required for catalysis because the
hydroxyl group of Thriss functions as an activator for
the hydroxyl group of Thrisy [35], is the key and
critical  threonine residue in the sequence
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T156KTHT163. The third and fourth threonine residues
in the catalytic triad of both h L-asparaginase3 and
Staphylococcus aureus L-asparaginase are Thrag (in
humans) and Thrise (in Staphylococcus aureus). The
mobility of the glycine rich-region, which is a
G2271DG230 loop at the N-terminal region of the L-
asparaginase that alters the conformation between the
cleavage and un-cleavage states, is influenced by this
conserved threonine residue, as well as the
neighboring glycine moiety (Glyzzr or Gly 230). As a
result, the catalytic mechanism for h asparaginase and
Staphylococcus aureus L- asparaginase towards the L-
asparagine substrate may be quite similar. The action
begins with a nucleophilic attack by the Thrise side
chain on the carboxyl group of asparaginase, followed
by the release of the amino group. The action also
involves an amino group near the Aspz.g Side chain and
the glnass carbonyl atom. The oxyanion hole [41] has
been proposed as a mechanism for stabilizing
negatively charged tetrahedral intermediates. It is said
to contain Thrise and glnass residues. Surprisingly,
isolated recombinant Staphylococcus aureus L-
asparaginase was revealed to have activity.
Pyrobaculum calidifontis thermostable L-
asparaginase was shown to have an optimal
temperature of at least 100 °C and a pH of 6.5 [42].
For pure thermostable L- asparaginase from Bacillus
amyloliquefaciens, the ideal pH and temperature were
8.5 and 65 °C, respectively [43]. This observation is
significant because glutaminase activity, which is
often associated with E. coli and E. chrysanthemi L-
asparaginase activity [34], causes cytotoxicity.
Furthermore, the results of sequence explanation by
structure, which revealed the absence of the L.
glutaminase signature in Staphylococcus aureus L-
asparaginase, corroborate these findings.
Hypertriglyceridemia,  liver  function,  hepatic
transaminase impairment, and bilirubin and alkaline
phosphatase elevations have all been associated with
L- asparaginase treatment in individuals with acute
lymphoblastic leukemia [44]. In addition, 30-60% of
patients receiving L- asparaginase as part of
multiagent therapy had elevated hepatic transaminase,
alkaline phosphatase, and bilirubin levels [45].
Although antileukemic and anticancer capabilities of
L- asparaginase have been demonstrated [46], the
effect of recombinant Staphylococcus aureus L-
asparaginase on human leukemia and cancer cells has
yet to be extensively investigated. According to our
findings, the purified recombinant Staphylococcus
aureus L- asparaginase is effective in killing human
leukemia cells, THP-1, owing to the deamination of
the non-essential amino acid L- asparagine to L-
aspartic, reducing the asparagine pool. The
characteristics of L- asparaginase are improved by
producing L asparaginase from Pseudomonas
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aeruginosa under solid-state fermentation [47]. This
enzyme could be made inexpensively from untreated
biomass residues. This enzyme's outstanding features,
such as activity in the alkaline pH range at 37 °C, make
it particularly useful in the chemotherapeutic treatment
of leukemia. Although L- asparagine is a non-essential
amino acid, it becomes angular to some leukemia and
cancer cells for two reasons. First, L- asparagine is
required to produce glycoproteins and other cellular
proteins; second, these cells have low quantities of L-
asparagine, the counteracting enzyme, leading to
starvation and eventual cell death. Other investigators
discovered that asparagine mRNA, protein, and
activity levels in acute lymphoblastic leukemia
patients vary significantly [48] and aren't necessarily
associated with in vitro treatment resistance. L-
asparaginase is a kind of asparaginase. As a result,
there may be an additional mechanism of resistance to
L- asparaginase in addition to asparagine regulation.

In conclusion, microbial L-asparaginase is a critical
component of juvenile acute lymphoblastic leukemia,
and identifying the L-asparaginase with the best
clinical characteristics is difficult. Treatment-related
toxicity necessitates proper management and the
continual need for new enzyme sources and the
innovation of existing products. This study established
the overexpression, purification, and characterization
of  recombinant  Staphylococcus aureus L-
asparaginase with significant selectivity for L-
asparagine without glutaminase activity. The
recombinant enzyme caused cytotoxicity in human
leukemia cell lines THP-1. As a result, recombinant
Staphylococcus aureus L-asparaginase may be a
promising alternative enzyme for the treatment of
acute lymphoblastic leukemia, while more research is
needed to assess its immunogenicity and toxicity.
However, the potential for novel anti-leukemic
medications discovered as a result of this research is
expected to be significant.

Acknowledgments: The financial support from the
Deanship of Scientific Research (Project Number
0042-S1441) University of Tabuk, Saudi Arabia is
gratefully acknowledged.

Conflict of Interest: No conflicts of interest.

Author Contributions:
All authors are equal contributions.

References:
[1]- Gomes, M.A.F. and Sodek, L. (1984) Allantoinase
and asparaginase activities in maturing fruits of
nodulated and non-nodulated soybeans.Physiol. Plant
62, 105-1009.

Egypt. J. Chem. 66, No. 5 (2023)

[2]- Sieciechowicz, K.A., Joy, K.W. and Ireland, R.J
(1988). The metabolism of asparagine in plants.
Phytochemistry 27, 663-671.

[3]- Mashburn, L. and Wriston, J. (1964) Tumor
inhibitory effect of L-asparaginase from Escherichia
coli. Arch. Biochem. Biophys. 105, 450-452.

[4]- Campbell, H.A., Mashburn, L.T., Boyse, A.E. and
Old, LJ. (1967) Two L-asparaginases from
Escherichia coli B. Their separation, purification, and
antitumor activity. Biochemistry 6, 721-730.

[5]- Wriston Jr., J.C., (1985). I-Asparaginase. Meth.
Enzymol. 113 - 608-618.

[6]- Goward, C.R., Stevens, G.B., Tattersall, R.,
Atkinson, T., (1992). Rapid large-scale preparation of
recombinant Erwinia chrysanthemi L-asparaginase.
Bioseparation 2, 335-341.

[7]- Moola, Z.B., Scawen, M.D., Atkinson, T.,
Nicholls, D.J., (1994). Erwinia chrysanthemi |-
asparaginase: epitope mapping and production of
antigenically modified enzymes. Biochem J. 302,
921-927.

[8]- Aung, H.P., Bocola, M., Schleper, S., Rohm,
K.H., (2000). Dynamics of a mobile loop at the active
site of Escherichia coli asparaginase. Biochim.
Biophys. Acta 1481, 349-359.

[9]- Kozak, M., Borek, D., Janowski, R., Jaskolski, M.,
(2002). Crystallization and preliminary
crystallographic studies of five crystal forms of
Escherichia coli l-asparaginase Il (Asp90Glu mutant).
Acta Crystallogr. D: Biol. Crystallogr. 58, 130-132.
[10]- Khushoo, A., Pal, Y., Singh, B.N., Mukherjee,
K.J., (2004). Extracellular expression and single-step
purification of recombinant Escherichia coli |-
asparaginase I1. Protein Expr. Purif. 38, 29-36.

[11]- Stecher, A.L., de Deus, P.M., Polikarpov, 1.,
Abrahao-Neto, J., (1999). Stability of I-asparaginase:
an enzyme used in leukemia treatment. Pharm. Acta
Helv. 74, 1-9.

[12]- Duval, M., Suciu, S., Ferster, A., Rialland, X.,
Nelken, B., Lutz, P., Benoit, Y., Robert, A., Manel,
AM., Vilmer, E., Otten, J., Philippe, N., (2002).
Comparison of Escherichia coli—asparaginase with
Erwinia—asparaginase in the treatment of childhood
lymphoid malignancies: results of a randomized
European Organization for Research and Treatment of
Cancer-Children's Leukemia Group phase 3 trial.
Blood 99, 2734-2739.

[13]- Youssef, M.M and Al-Omair, M. A. (2008).
Cloning,  Purification,  Characterization, and
Immobilization of L-asparaginase Il from E. coli
W3110. Asian Journal of Biochemistry 3(6):337-350.
DOI: 10.3923/ajb.2008.337.350.

[14]- Boyse, E., Old, L., Campbell, H., and Mashburn,
L. (1967) Suppression of murine leukemias by L-
asparaginase, the incidence of sensitivity among
leukemias of various types: Comparative inhibitory
activities of guinea pig serum L-asparaginase and



258 Darwish D. B. et al.

Escherichia coli L-asparaginase. J. Exp. Med. 125, 17—
3L

[15]- Lay, H., Ekert, H., and Colebatch, J. (1975)
Combination chemotherapy for children with acute
lymphocytic leukemia who fail to respond to standard
remission-induction therapy. Cancer 36, 1220-1222.
[16]- Sugimoto, H., Odani, S. and Yamashita, S.
(1998) Cloning and Expression of cDNA Encoding
Rat Liver 60-kDa Lysophospholipase Containing an
Asparaginase-like Region and Ankyrin Repeat. J.
Biol. Chem. 273, 12536— 12542.

[17]- Kumar, S., Dasu, V.V., Pakshirajan, K., (2010).
Localization and production of novel L-asparaginase
from Pectobacterium carotovorum MTCC 1428.
Process Biochem., 45, 223-229.

[18]- Li, L.Z., Xie, T.H., Li, H.J., Qing, C., et al.,
(2007). Enhancing the thermostability of Escherichia
coli L-asparaginase Il by substitution with pro in
predicted hydrogen-bonded turn structures. Enzyme
Microb. Technol., 41, 523-527.

[19]- Imada, A., lgarasi, S., Nakahama, K., Isono, M.,
(1973). Asparaginase and glutaminase activities of
microorganisms. J. Gen. Microbiol., 76, 85-99.

[20]- Duval, M., Suciu, S., Ferster, A., Rialland, X.,
Nelken, B., Lutz, P., Benoit, Y., Robert, A., Manel, A.-
M., Vilmer, E., Otten, J., Philippe, N., (2002).
Comparison of Escherichia coli—asparaginase with
Erwinia-asparaginase in the treatment of childhood
lymphoid malignancies: results of a randomized
European Organisation for Research and Treatment of
Cancer Children's Leukemia Group phase 3 trial.
Blood 99: 2734-2739.

[21]- Niehaus, F., Bertoldo, C., Kahler, M.,
Antranikian, G., (1999). Extremophiles as a source of
novel enzymes for industrial application. Applied
Microbiology and Biotechnology 51: 711-729.

[22]- Darwesh, D.B., Al-Awthan, Y.S., Elfaki, I,
Habib, S.A., Alnour, T. M., Darwish, A. B., and
Youssef, M. M., (2022). Anticancer Activity of
Extremely Effective Recombinant L-Asparaginase
from Burkholderia pseudomallei. J. Microbiol.
Biotechnol. 32(5): 1-13.

[23]-Youssef, Magdy M and Elsawy. H. (2016).
Molecular Cloning, Overexpression, Purification,
Immobilization, and Characterization of Lipase from
Staphylococcus pasteuri. J Jacobs Journal of
Enzymology and Enzyme Engineering 2(1): 011.
[24]- Sambrook, H. Molecular cloning: a laboratory
manual., (1989) Second ed., Cold spring harbor
laboratory press, New York.

[25]- Balcao, V.M., Mateo, C., Fernandez-Lafuente,
R., Malcata, F.X., Guisan, J.M., (2001). Structural and
functional stabilization of l-asparaginase via
multisubunit Immobilization onto highly activated
supports. Biotechnol. Prog. 17, 537-542.

Egypt. J. Chem. 66, No. 5 (2023)

[26]- Sheng, S., Kraft, J.J., Schuster, S.M., (1993). A
specific quantitative colorimetric assay for |I-
asparagine. Anal. Biochem. 211, 242-249.

[27]- Bradford, M.A., (1976). A rapid and sensitive
method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding.
Anal. Biochem. 72, 248-254.

[28]- Dereeper A, Guignon V, Blanc G, Audic S,
Buffet S, Chevenet F, Dufayard JF, Guindon S, Lefort
V, Lescot M. (2008). Phylogeny. fr: robust
phylogenetic analysis for the non-specialist. Nucleic
Acids Res. 36:465-469.

[29]- Milburn, D., Laskowski, R.A. Thornton, J.M.
(1998). Sequences annotated by structure: a tool to
facilitate the use of structural information in sequence
analysis, Protein Eng. 11 (10) 855-859.

[30]- Waterhouse, A., Bertoni, M., Bienert, S., Studer,
G., Tauriello, G., Gumienny, R., Heer F.T., de Beer,
T.A.P., Rempfer, C., Bordoli. L. (2018). SWISS-
MODEL: homology modeling of protein structures
and complexes, Nucleic Acids Res. 46 (W1) W296—
W303.

[31]- Youssef, M. M. (2015). Overexpression,
Purification, Immobilization, and Characterization of
Thermophilic Lipase from Burkholderia
pseudomallei. American Journal of Microbiology and
Biotechnology.2 (6): 82-91.

[32] - Laemmli, U.K., (1970). Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature 227, 680-685.

[33]- Tabandeh, M.R. andv Aminlari,M. (2009).
Synthesis, physicochemical and immunological
properties of oxidized inulin—L-Asparaginase
bioconjugate, J. Biotechnol. 141 (3—4) 189-195.

[34]- Narta, U.K., Kanwar, S.S., Azmi, W. (2007).
Pharmacological and clinical evaluation of L-
Asparaginase in the treatment of leukemia, Crit. Rev.
Oncol. Hematol. 61 (3) 208-221.

[35]- Nomme, J., Su, Y., Lavie, A. (2014). Elucidation
of the specific function of the conserved threonine
triad responsible for human L-Asparaginase
autocleavage and substrate hydrolysis, J. Mol. Biol.
426 (13) 2471-2485.

[36]- Oinonen, C., Tikkanen, R., Rouvinen, J.,
Peltonen, L. (1995). Three-dimensional structure of
human lysosomal aspartylglucosaminidase, Nat.
Struct. Biol. 2 (12) 1102.

[37]- Saito, S., Ohno, K. Sugawara, K. Suzuki,T. T
Togawa, Sakuraba, H. (2008). Structural basis of
aspartylglucosaminuria, Biochem. Biophys. Res.
Commun. 377 (4) 1168-1172.

[38]- Bush, L.A., Herr, J. C., Wolkowicz, M., N.E.
Shore, A., C Flickinger, J. (2002) A novel
LAsparaginase- like protein is a sperm autoantigen in
rats, Mol. Reprod. Dev. 62 (2) 233-247.



L- ASPARAGINASE FROM STAPHYLOCOCCUS AUREUS... 261

[39]- Evtimova, V., Zeillinger, R. Kaul, S., Weidle,
U.H. (2004). Identification of CRASH, a gene
deregulated in gynecological tumors, Int. J. Oncol. 24
(1) 33-41.

[40]- Zuo, S., Zhang, T., Jiang, B., Mu, W. (2015).
Reduction of acrylamide level through blanching with
treatment by an extremely thermostable L-
Asparaginase during French fries processing,
Extremophiles 19 (4) 841-851.

[41]- Tikkanen, R., Riikonen, A., Oinonen, C.,
Rouvinen, R., Peltonen, L. (1996). Functional
analyses of active site residues of human lysosomal
aspartylglucosaminidase: implications for catalytic
[42]- Chohan,S.M. Rashid,N Sajed,. M. Imanaka, T.
(2019). Pcal_0970: an extremely thermostable L-
Asparaginase from Pyrobaculum calidifontis with no
detectable glutaminase activity, Folia Microbiol.
(Praha) 64 (3) 313-320.

[43]- Yim, S. Kim, M. (2019). Purification and
characterization of thermostable L-Asparaginase
from Bacillus amyloliquefaciens MKSE in Korean
soybean paste, LWT-Food Science and Technology
109 415-421.

[44]- Raetz, E. A. Salzer, W.L. (2010) Tolerability
and efficacy of L-Asparaginase therapy in pediatric

Egypt. J. Chem. 66, No. 5 (2023)

patients with acute lymphoblastic leukemia, J.
Pediatr. Hematol. Oncol. 32 (7) 554-563.

[45]- Parsons, S. K. Skapek, S. X. Neufeld, E. J.
Kuhlman, C. Young, M. Donnelly, L. M. Brunzell, J.
D. Otvos, J. D. Sallan, S. E. Rifai, N. (1997). L-
Asparaginase-associated lipid abnormalities in
children with acute lymphoblastic leukemia, Blood 89
(6) 1886-1895

[46]- Swain, A., L., Jakolski, M., Housset, D., Rao,
J.K., Woldawer, A. (1993). Crystal structure of
Escherichia coli L-asparaginase, an enzyme used in
cancer therapy. Proc. Natl. Acad. Sci. 90: 1474-1478.
[47]- Roberts, J., Holcenberg, J.S., Dolowy, W.C.
(1972). Isolation, crystallization, and properties of
Achromobacteraceae glutaminase-asparaginase with
antitumor activity. Journal of Biological
Chemistry, 247 (1), pp. 84-90.

[48]- Fine, B.M., Kaspers, G.J.L. Ho, M., Loonen,
A.H. Boxer, L.M. (2005). A genome-wide view of the
in vitro response to L-Asparaginase in acute
lymphoblastic leukemia, Cancer Res. 65 (1) 291-299.



