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L-asparaginase from the novel Fusarium
falciforme AUMC 16563: extraction,
purification, characterization, and cytotoxic
effects on PC-3, HePG-2, HCT-116, and MCF-7
cell lines
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Abstract

Background L-asparaginase has been a widely employed as antitumor enzyme for the treatment of acute
lymphoblastic leukemia for almost three decades. The enzyme takes advantage of the inability of tumor cells to
synthesize the L-asparagine and is killed by L-asparagine deprivation. Despite the availability of bacterial sources for
L-asparaginase, there is a growing interest in identifying new microbial sources with improved therapeutic properties.
Therefore, this study aims to investigate the production of L-asparaginase from a fungal source, to explore its potential
as a novel alternative enzyme for cancer treatment.

Results Fusarium falciforme AUMC 16563 was used to produce L-asparaginase (123.42 U/mL) after 5 days, 0.2%
glucose and 1.0% asparagine; were used at 25 “C and pH 8.0. Employing two columns of chromatography (DEAE-
cellulose and Sephacryl S 200 HR), the enzyme was purified 14.26-fold, reaching a maximum activity of 5109.4 U/

mg. SDS-PAGE revealed a 46.06 kDa asparaginase. The K., and V,,,, values for pure asparaginase using asparagine was
5.77x 1072 mM and 128.22 umol/min. Additionally, Fusarium falciforme AUMC 16563’ pure asparaginase demonstrated
anticancer activity against PC-3 (a prostate cell line) with an ICy, of 78.6 pg/mL, HePG-2 (a human hepatocellular
carcinoma cell line) with an 1Cs, of 69.6 ug/mL, HCT-116 (a colon cell line) with an ICs, of 51.5 pg/mL and MCF-7 (a
breast cancer cell line) with an ICy, of 32.8 pg/mL. The expression levels of proapoptotic genes (BAX and p53) were
significantly greater in the breast cancer cell lines treated with asparaginase than in the negative control breast cancer
cell lines.The degree of DNA fragmentation in MCF-7 cells treated with Fusarium falciforme 16563' pure asparaginase
was 27.2+0.69%, and that in MCF-7 cells treated with the drug Doxorubicin 24.1 £ 0.86% was significantly greater
than that in the corresponding negative control cells 9.1+ 1.01%. Finally, the biochemical profiles revealed no impact
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number of commercial applications.

Gene expression, Apoptosis

on the liver or the kidneys. These results suggested that asparaginase had relatively little effect on liver function. All
hematological parameters were within normal range during the experiment.

Conclusions The results of the present study revealed a potent L-ASNase from endophytic £. falciforme isolated from
Trifolium alexandrinum, which performs well under a variety of environmental circumstances and can be used in a

Keywords L-asparaginase, Fusarium falciforme, Optimization, Submerged fermentation, Cancer therapy, Cell lines,

Introduction

L-asparaginase (L-asparagine amidohydrolase, E.C.
3.5.1.1) is an amidase that promotes the hydrolysis of
L-asparagine, releasing ammonia and L-aspartic acid [1,
2]. Due to their inability to produce asparagine synthe-
tase, neoplastic cells must rely on extracellular L-aspar-
agine for protein synthesis. According to Amena et al.
[3]. and Fontes et al. [4]., L-asparaginase has the ability
to degrade L-asparagine in plasma. Because of this, the
concentration of L-asparagine declines dramatically,
which stops cancer cells from multiplying and stops pro-
tein synthesis. The fact that asparagine synthetase allows
cells to make their own essential amino acids implies that
normal animal cells can survive without L-asparagine [5].
By reducing L-asparagine levels and targeting neoplastic
cells dependent on this amino acid, L-asparaginase acts
as an anticancer drug when administered intravenously
[6].

L-asparaginase is a chemotherapeutic drug commonly
used for the treatment of several lymphoproliferative dis-
eases and lymphomas, particularly acute lymphoblastic
leukemia (ALL). For almost three decades, it has played a
vital role in combination chemotherapy protocols for the
therapy of pediatric acute lymphoblastic leukemia [7].

This enzyme is essential in the pharmaceutical and bio-
marker industries [8] and shows promising therapeutic
effects when combined with other drugs for the treat-
ment of cancers such as melanosarcoma, reticulohisto-
cytosis, lymphocytic leukemia, Hodgkin’s lymphoma,
chronic lymphosarcoma, acute myelomonocytic leuke-
mia, acute myelocytic leukemia, acute lymphoblastic leu-
kemia [9-14]. Asparagine is used as a biomarker to assess
levels of the carcinogenic chemical acrylamide during
chemotherapy and is also used in the food industry as an
acrylamide neutralizer [15, 16].

The ease of growing microbes and extracting and puri-
fying their enzymes makes them a promising source of
L-asparaginase, which can be produced on a large scale
[17]. Isolating microbial strains that synthesize this
crucial enzyme has been the focus of numerous stud-
ies. These strains include Pseudomonas fluorescens [18],
Serratia marcescens [19], Escherichia coli [20], Erwinia
carotovora [21], Proteus vulgaris [22], Saccharomyces

cerevisiae, Streptomyces venezuelae, and several fungal
genera like Aspergillus, Penicillium, and Fusarium [23].

The fact that this enzyme originates from bacteria
means that it can set off allergic reactions [24]. In 2007,
the safety of fungal L-asparaginases was determined by
the Joint FAO/WHO Expert Committee on Food Addi-
tives (JECFA). The current production levels of L-aspar-
aginase did not satisfy the demand. Therefore, new
approaches to increasing yield, perhaps aided by statis-
tical methods, must be developed [25]. Hypersensitivity,
antigenicity, limited half-life, transient blood clearance,
and L-glutaminase-dependent neurotoxicity are some
of the challenges that have been reported with L-aspar-
aginases derived from E. coli and Erwinia chrysanthemi.
These issues highlight the need for ongoing research to
find better alternatives [26—28].

Given the problems associated with commercially
available L-asparaginases, scientists are currently looking
for alternative sources of the enzyme. Hence, the present
investigation intended to isolate L-asparaginase from the
endophytic wild-type Fusarium falciforme AUMC 16563
strain and characterize it. In vitro testing using PC-3,
HePG-2, HCT-116, and MCEF-7 cell lines allowed for
the evaluation of the isolated enzyme’s cytotoxicity. To
round out the optimal results from the cell lines exam-
ined, an analysis of the Bcl-2, BAX, and p53 genes were
performed, which was supplemented by an in vivo evalu-
ation in an animal model.

Materials and methods

Assay of L-asparaginase

Nesslerization method [29] was used to conduct the
enzyme assay. The ammonia that was released was quan-
tified by measuring the absorbance at 480 nm, Using
ammonium sulfate as a reference standard. Under stan-
dard assay circumstances, one unit of L-asparaginase is
the amount of enzyme that releases 1 pmol of ammonia.

Fungal strain

A potential Fusarium isolate was found to possess
remarkable asparaginase activity during the screening of
L-asparaginase activities in several endophytic fungi. In
order to optimize the fermentation parameters and con-
duct molecular identification, this isolate was chosen.
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The fungus was maintained in the culture collection
of the Assiut University Mycological Centre as AUMC
16563.

Medium for fermentation

Sucrose-free Czapek’s broth medium supplemented with
L-asparagine was used as fermentation medium. The
medium contained (g/L): Asparagine, 10; sodium nitrate,
2.0; dipotassium hydrogen orthophosphate, 1; magne-
sium sulphate, 0.5; potassium chloride, 0.5; zinc sulphate,
0.01; copper sulphate, 0.005 [30].

Optimization of fermentation parameters
At different pH values (4—10), nitrogen sources (ammo-
nium chloride, ammonium sulphate, sodium nitrate,
sodium nitrite, urea, peptone, yeast extract, and beef
extract) each at 0.2%, incubation temperatures (25, 30,
35, 40, 45, and 50 °C), and fermentation times (1-7 days),
the optimization of L-asparaginase production by the
Fusarium isolate AUMC 16563 was investigated using
one factor at a time (OFAT). The enzyme assay was con-
ducted using the previously mentioned protocol, and the
most appropriate parameters for enzyme synthesis were
selected.

Molecular identification of the Fusariumisolate.

DNA of the Fusarium isolate AUMC 16563 was iso-
lated following the method outlined by Moubasher et
al. [31]., PCR reaction was performed using SolGent
EF-Taq [32]. ITS1 and ITS4 universal primers were used
for amplification of the ITS region [33]. The contiguous
sequence of the Fusarium isolate AUMC 16563 utilized
in this study was produced using the DNASTAR soft-
ware (version 5.05). The current analysis utilized eigh-
teen species: one of the Fusarium isolate AUMC 16563
in this investigation, sixteen of the closely related spe-
cies were retrieved from the GenBank database, and one
sequencing of Fusarium equiseti NRRL 26419 served as
an outgroup. All sequences were aligned using MAFFT
[34] with the default settings. BMGE was employed to
optimize alignment gaps and parsimony-uninformative
characters [35]. MEGA X (version 10.2.6) was utilized to
perform maximume-likelihood (ML) and maximum-par-
simony (MP) phylogenetic analyses [36]. The durability of
the most frugal trees was evaluated using 1000 bootstrap
replications [37]. The optimal nucleotide substitution
model for the ML experiments was determined using
the Akaike information criterion (AIC) as implemented
in Model test 3.7 [38]. MEGA X (version 10.2.6) was uti-
lized to visualize the phylogenetic tree, which was subse-
quently edited and saved in TIFF format.
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Purification of L-asparaginase

Precipitation and dialysis of L-asparaginase

Following incubation, the cell-free supernatant was
obtained using centrifugation at 10,000 rpm for 10 min
at 4 °C. Absolute ethyl alcohol (-25 °C) was utilized to
isolate the enzyme at 4 °C. The extracted protein was
solubilized in Tris buffer (pH 8.0), subjected to dialy-
sis twice for two hours at ambient temperature (cutoff:
12-14 kDa), and subsequently refrigerated overnight at
4. °C to exclude salts and other small molecules [39].

DEAE-cellulose ion exchange column

The diethylaminoethyl cellulose (DEAE-cellulose) anion
exchanger that was activated with 0.5 M NaOH for
60 min, was packed in a glass column (50 cm x 2.4 cm;
bed volume 200 cm®). A 10.0 mL sample was introduced
to the column subsequent to its equilibration with phos-
phate buffer (100 mM, pH 8.0). The enzyme was eluted
using a 100 mM phosphate buffer (pH 8.0) at NaCl con-
centrations of 0, 0.1, 0.25, 0.5, 1.0, and 1.5 M. 5mL frac-
tions were collected at a flow rate of 0.25/min and assayed
for activity. The aforementioned method was employed
to quantify asparaginase activity. The most active frac-
tions were pooled, concentrated, and preserved for sub-
sequent purification.

Sephacryl S 200 HR gel filtration column

Sephacryl S 200 HR gel was packed in a glass col-
umn measuring 50 cm x 2.4 c¢cm, with a bed capacity of
200 cm®. The protein was eluted using a phosphate buffer
(100 mM, pH 8.0) following the loading of the concen-
trated enzyme sample onto the column. The asparagi-
nase activity was assessed using the previously described
method, 5 ml fractions were collected at a flow rate of
0.25/min and assayed for activity. The most active por-
tions were aggregated, condensed, and freeze-dried.

SDS-PAGE

A 0.1 g sample of asparaginase was dissolved in 100 pL of
20 mM Tris/HCl, pH 7.4 containing 4.0% sodium dodecyl
sulphate (SDS), 20% glycerol, 10% 2-mercaptoethanol,
and 0.0025% bromophenol blue. A 12% SDS polyacryl-
amide gel was prepared, subjected to heating at 100 °C for
five minutes, and electrophoresed at 100 mA and 150 V
for 45 min. Coomassie Brilliant Blue R-250 was used for
protein staining. Quantity One software (Version 4.6.2)
was employed to capture images of the gel [40].

Effect of pH and temperature on the activity of pure
asparaginase

A range of pH values from 3.0 to 11.0 were tested on
pure asparaginase at temperatures of 21, 24, 27, 30, 33,
36, 39, 42, and 45 °C. Citrate buffer (pH 3-6), Phosphate
buffer (pH 7-8), and Glycine-NaOH buffer (pH 9-11)
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were used for pH adjustment. Each buffer was prepared
at a concentration of 0.1 M. At the specified pH levels,
0.01 g of enzyme powder and 0.01 g of asparagine were
added to 1.0 mL of buffer solution to initiate the reaction.
The reaction was stopped by adding 2.0 mL of TCA after
30 min, and the asparaginase activity was quantified as
aforementioned.

Determination of metal ion effect on pure asparaginase

For testing the effect of metal ions on activity of the pure
asparaginase, a solution containing 5 mM of the follow-
ing metal ions was prepared: NaCl, KCl, CaCl,, CoCl,,
NiSO,, CuSO,, FeSO,, MgSO,, MnSO,, and ZnSO,.
The metal ions that were present were as follows: Na¥,
K*, Ca**, Co*, Ni**, Cu*', Fe?*, Mg**, Mn?*, and Zn**.
Additionally, ethylenediaminetetraacetic acid (EDTA) at
5 mM were used to investigate an enzyme inhibitor. The
asparaginase activity under standard reaction conditions,
and EDTA-free, was evaluated to determine what 100%
activity means. The experiment was repeated three times.

Determination of K, and V,,,

Using a Line weaver-Burk plot [41] in accordance with
Eq. (1), the enzyme activity was measured at concentra-
tions ranging from (2.0-20.0 mM) of L-asparagine, L-glu-
tamine, aspartic acid, and glutamic acid as substrates to
find the Michaelis-Menten constant (K,,) and maximum
reaction velocity (V,,,,) values of the pure asparaginase.

max.

Lo 1 K 1 O
v B Vmaw Vmaw S

Cytotoxic effects on human cell lines

Source of cell lines

The cell lines used in this study (HePG-2, HCT-116,
PC-3, and MCF-7) were obtained from the Cell Culture
Laboratory, National Research Centre, El-Tahrir St.,
Dokki, Giza 12622, Egypt.

MTT assay

Bioassay-Cell Culture Laboratory at the National
Research Centre in Giza, Egypt, conducted the in vitro
bioassays of the pure L-asparaginase on human tumor
cell lines HePG-2, HCT-116, PC3, and MCEF-7. The cell
lines were suspended in RPMI 1640 medium supple-
mented with a 1.0% antibiotic/antimycotic combina-
tion (10,000 U/mL penicillin G potassium, 10,000 pg/
mL streptomycin sulphate, and 25 pg/mL amphoteri-
cin B) and 1.0% L-glutamine, and maintained at 37 °C
in a 5.0% CO, environment [42]. Cells were cultured in
batches for 10 days in a water-jacketed carbon dioxide
incubator (Sheldon, TC2323, Cornelius, OR, USA) before
being seeded at a concentration of 10x10% cells/well in
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new complete growth medium. This was conducted in a
96-well microtiter plate at 37 °C for 24 h under 5% CO,.
To achieve final concentrations of 100, 50, 25, 12.5, 6.25,
3.125, 0.78, and 1.56 pg/mL, the medium was aspirated,
fresh serum-free medium was added, and the cells were
cultured either in isolation (negative control) or with
different sample concentrations. After 48 h of incuba-
tion, the medium was aspirated, and 40 uL of MTT salt
(2.5 pg/mL) was added to each well. The wells were sub-
sequently incubated for four additional hours at 37 °C in
a 5% CO, environment. A 200 pL of 10% sodium dodecyl
sulphate (SDS) in deionized water were added to each
well and incubated overnight at 37 °C to terminate the
reaction and dissolve the formed crystals. Doxorubicin
at a concentration of 100 pg/mL served as the positive
control [43, 44]. A microplate multiwell reader (Bio-
Rad Laboratories Inc., model 3350, Hercules, California,
USA) was employed to measure absorbance at 595 nm,
facilitating the determination of the IC;, and the opti-
mal concentration of the tested cell lines for subsequent
molecular experiments. The percentage change in viabil-
ity was determined using Eq. (2).

SR _ Reading of sample
% Cell Vlablhty - [( Reading of negative control
100 (2).

)= 1] x

DNA fragmentation assay

DNA gel electrophoresis laddering assay

DNA fragmentation assay was conducted following the
instructions provided by Yawata et al. [45] for the chosen
cell lines. The cell lines were homogenized in one mL of
RPMI 1640 medium and subsequently exposed to various
compounds, including L-asparaginase from E falciforme
AUMC 16563 and the drug doxorubicin. The cells were
subsequently centrifuged at 800 rpm for a duration of
10 min. The cells were subsequently harvested and rinsed
with Dulbecco’s phosphate-buffered saline. MCF-7 cells
were lysed on ice for 30 min using a lysis mixture com-
posed of 10 mM Tris base (pH 7.4), 150 mM NaCl, 5 mM
EDTA, and 0.5% Triton X-100. The lysates were centri-
fuged for 20 min at 10,000 rpm. DNA fragmentation was
extracted from the supernatant utilizing an equal volume
of a neutral phenol, chloroform, and isoamyl alcohol mix-
ture in a ratio of 25:24:1. The samples underwent electro-
phoretic analysis on 2.0% agarose gel containing 0.1 pg/
mL ethidium bromide.

Diphenylamine reaction procedure

Asparaginase from Fusarium falciforme AUMC 16563
and the chemotherapy drug doxorubicin were added to
the cells as soon as they were taken from the culture.
Cancer cells were spun for 20 min at 4 °C at 10,000 rpm
after being lysed in 0.5 mL of lysis buffer that contained
10 mM Tris-HCI (pH 8.0), 1.0 mM EDTA, and 0.2%



Saleh et al. BMC Microbiology (2025) 25:145

Triton X-100. To resuspend the pellet, 0.5 mL of lysis buf-
fer was added. The mixture was incubated at 4 °C for 24 h
after adding 0.5 mL of 25% Trichloroacetic acid (TCA) to
the pellets and supernatants. Following a 20-minute cen-
trifugation at 10,000 rpm and 4 °C, the cell pellets were
mixed with 80 mL of 5.0% TCA and left to incubate at
83 °C for another 20 min. Following this, each cell sample
was treated with 160 mL of a diphenylamine (DPA) solu-
tion, which included 150 mg of DPA in 10 mL of glacial
acetic acid, 150 mL of sulphuric acid, and 50 mL of acet-
aldehyde (16 mg/mL). According to Gibb et al. [46], the
samples were subsequently left to incubate at room tem-
perature for 24 h. Equation (3) was used to determine the
proportion of fragmented DNA based on the absorbance
observed at 600 nm.

% Fragmented DNA = &g (OD S

where: OD =optical density; S=supernatants; and
P =pellets.

Gene expression analysis

Following the instructions provided by the manufacturer,
total RNA was extracted from the cell lines that were
evaluated using an RNeasy Mini Kit (Qiagen, Hilden,
Germany) in conjunction with the Qiagen DNasel diges-
tion step. One unit of RQ1 RNAse-free DNAse (Invitro-
gen, Germany) was used to digest the DNA residues, and
then the isolated total RNA was resuspended in water
treated with diethyl pyrocarbonate (DEPC). According
to Linjawi et al. (2017) [47], the quantity was measured
at 260 nm. A 20 pL of full poly (A) + RNA isolated from
the cell lines were reverse transcribed using a Rever-
tAidTM First Strand cDNA Synthesis Kit (manufactured
by Fermentas in Germany). After a denaturation step of
5 min at 99 °C, the RT reaction was conducted for 10 min
at 25 °C, followed by one hour at 42 °C. The number of
c¢DNA copies in the cell lines was determined using an
Applied Biosystems StepOneTM Real-Time PCR System
(Thermo Fisher Scientific, Waltham, MA USA). Accord-
ing to Brito, et al. [48] and Khalil, et al. [49], the primer
sequences that were created for the Bcl-2, BAX, and p53

Table 1 Sequences of primers used for gRT-PCR of the PC-3,
HePG-2, HCT-116, and MCF-7 cell lines

Gene GenBank (accession no.) Primer sequence

Bcl-2 M14745.1 F:cct cgc tgc aca aat act cc
R:tgg aga gaa tgt tgg cgt ct

BAX XM_054373112.1 F: ctg tat gtg gga ctg gtg gt
R: gga aat gag ggg tgg aag ga

p53 X60020.1 F:tgg cca. tct aca agc agt ca.
R:ggt aca gtc aga gcc aac ct

GAPDH  AK026525.1 F:cac atc gct cag aca cca tg

R:tga cgg tgc catgga att tg

BCL-2: B-cell lymphoma-2 gene; BAX: Bcl-2-associated X protein encoding gene;
p53: tumor suppressor gene; GAPDH: housekeeping gene
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genes, which were cancer-associated and related to the
cell lines were listed in Table 1. According to Ramadan, et
al. [50] and Refaie, et al. [51], the relative quantification of
the target in comparison to the reference was determined
using the 2 - AACT method.

In vivo cytotoxicity of L-asparaginase in mice

Prior to the initiation of all experiments, all mice were
transferred into a dedicated experimental room where
they were maintained in sterile micro-isolator cages, and
housed on ventilated racks, with up to 5 mice in a cage
with corncob bedding. The mice had access to food and
water ad libitum. Approximately 40 g Swiss albino mice,
six to eight weeks old, were utilized in the experiment.
This experiment would not have been possible without
the kind donation of mice from the Veterinary Teaching
Hospital at Assiut University in the Assiut Governorate
in Egypt. There were two sets of ten mice in the total. E
falciforme AUMC 16563’ L-asparaginase was injected
into the second group at a dosage of 500 IU/kg, while
the first group received 1X phosphate-buffered saline
twice weekly as a control. The experiment lasted for
seven weeks. Fifteen, thirty and forty- five days follow-
ing the last injection, at the time of sacrifice, mice were
anesthetized with 2% isoflurane, and blood was collected
via cardiac puncture. Plasma was frozen at -40 °C until
assayed. Regarding the euthanasia procedure for the ani-
mals, all animals were anesthetized prior to euthanasia.
We kept the serum and plasma at -40 °C after extraction
[52, 53], and others have measured the full blood count
in addition to transaminases, albumin, total protein, urea,
creatinine, and alkaline phosphatase levels. The toxicity
markers were assayed in the Clinical Pathology Depart-
ment’s Hematology and Clinical Chemistry laboratories
at the South Egypt Cancer Institute, Assiut University,
Assiut, Egypt. The measurements were taken using uni-
versal biochemical keys.

Statistical analysis

All data were expressed using the mean and standard
deviation (SD) of the triplicate preliminary research. The
statistical significance was analyzed [54], and variances
were considered statistically significant when p <0.05.

Results

Molecular identification of the Fusarium isolate AUMC
16563

The entire ITS dataset comprised 18 species. The maxi-
mum parsimony dataset consisted of 588 characters
with 468 constant characters (no gaps, no N), 74 variable
characters which were parsimony-uninformative (15.8%
of constant characters), and 5 characters were counted
as parsimony informative (1.1% of constant). Kimura
2-parameter using a discrete Gamma distribution
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(K2 + G) was the perfect model for substitution of nucle-
otides. The dataset for maximum parsimony yielded
five trees, the most parsimonious one with the highest
log likelihood of -1446.80, tree length of 118 steps, con-
sistency index of 0.681818, retention index of 0.766667,
and composite index of 0.522727 is shown in Fig. 1.
The Fusarium isolate in this study was placed with the
type species E falciforme CBS 475.67 at the same clade
endorsing strong supported clade (89% ML/86% MP). As
a result, these isolates in the present study are identified
here as E falciforme (Fig. 1).

Optimization of L-asparaginase production parameters

Following the elimination of all nitrogen sources from the
fermentation medium, with the exception of asparagine,
this study determined that E falciforme AUMC 16563
exhibited peak asparaginase activity at pH 8.0, measur-
ing 123.42+12 U/mL (Fig. 2A). The introduction of a
nitrogen source to the fermentation medium resulted
in a reduction of asparaginase activity. Yeast extract
emerged as the most effective nitrogen source, resulting
in an asparaginase activity of 119.92+7.2 U/mL (Fig. 2B).
Figure 3 indicates that asparagine served as the exclusive

63/*
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nitrogen source, resulting in a significant increase
(p<0.05) in asparaginase activity to 120.19+5.6 U/mL at
25 °C after 5 days of incubation (Fig. 2C-D).

Purification of asparaginase

E falciforme synthesized asparaginase after five days of
cultivation at pH 8.0 and 25 °C, utilizing asparagine as the
sole nitrogen source. The DEAE-cellulose gel yielded 74
pooled fractions (Figure S1), exhibiting the highest peaks
of active asparaginase and protein. Following the collec-
tion of the highest-activity fractions (18-90) from the
DEAE-cellulose column, further purification was con-
ducted using a Sephacryl S-200 HR column. The aspara-
ginase components from FE falciforme were purified using
Sephacryl S-200 HR (Fractions no. 17-70), resulting in
two significant broad peaks of asparaginase and protein
activity (Figure S2). After two processing cycles, the spe-
cific activity of the purified asparaginase increased by
14.26-fold, yielding a protein concentration of 2.38% and
a specific activity of 5109.4 U/mg (Table 2).

~KC691566 Fusarium oligoseptatum NRRL 62579
NR_165843 Fusarium tuaranense NRRL 22231
-KC691563 Fusarium floridanum NRRL 62628
NR_173405 Fusarium ambrosium CBS 571.94
-FMN954342 Fusarium mekan CMW54714
MNS54346 Fusarium warna CMW54720
MN954357 Fusarium akasia CMW54735

NR_163531 Fusarium solani CBS 140079
£NR_130690 Fusarium keratoplasticum FRC S-2477
NR_172276 Fusarium witzenhausenense CBS 142480
| FMN954339 Fusarium variasi CMW53734

_IM H856055 Fusarium lichenicola CBS 115.40
NR_170733 Fusarium tonkinense CBS 115.40

89/86 |PQ202753 Fusarium falciforme AUMC 16563

——MH863652 Fusarium pseudensiforme CBS 125729

NR_164424 Fusarium falciforme CBS 475.67

MH856618 Fusarium vanettenii CBS 266.50

—

0.020

NR_121457 Fusarium equiseti NRRL 26419

Fig. 1 Maximum likelihood phylogenetic tree generated from ML/MP analysis via a heuristic search (1000 replications) of the 18 S sequence of Fusarium
falciforme AUMC 16563 (in blue) compared with other closely related species to the genus Fusarium in GenBank. Bootstrap support values for ML/
MP >50% are indicated near the respective nodes. The tree is rooted to Fusarium equiseti NRRL 26419 as an out group (in red)
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SDS-PAGE

Sodium dodecyl sulphate polyacrylamide gel electropho-
resis, the examination revealed that the asparaginase pro-
duced by E falciforme AUMC 16563 was homogeneous
and entirely pure. The molecular weight was determined
to be 46.06 kDa (Fig. 3).

Effects of pH and temperature on the activity of pure
asparaginase

The present study revealed that pure asparaginase exhib-
ited increased activity with the pH increase from 3 to
9, then it declined. pH 9.0 was identified as the optimal
condition, achieving a peak activity of 5383.37+310 U/
mg at 39 °C (Fig. 4).

Determination of metal ion effect on pure asparaginase

It could be observed that, there was a significant reduc-
tion in the enzyme activity in the presence of Mg**, Co*",
Mn?*, Cu*, Zn**, Ba®*, and Cd* by 30, 45, 38, 83.4, 51.4,
61.5, and 85.5% respectively. K* exerted highly stimula-
tory effect to occupy the first rank among all tested com-
pounds followed by Na*, Ca?*, and Fe* by significant

increasing 55, 44.6, 40 and 18.8%, respectively over the
control value. The metal chelating agent EDTA didn't
affect L-asparaginase activity (Table 3).

Determination of kinetic parameters (K, and V,,,,) and
substrate specificity

K, and V,_,, values were assessed using asparagine, glu-
tamine, aspartic acid, and glutamic acid as substrates at
different concentrations (2.0-20.0 mM). The Line Weaver
Burk plots demonstrated that L-asparagine was the most
suitable substrate for E falciforme AUMC 16563 aspara-
ginase, exhibiting the highest affinity for the enzyme. The
K, and V,_,, values for asparagine, glutamine, aspartic
acid, and glutamic acid were found to be 5.77 x 10"2 mM
and 128.22 pmol/min, 9.12 mM and 71.66 pumol/min,
10.1 mM and 62.46 pumol/min, and 12.2 mM and 49.51
pumol/min, respectively (Table 4).

In vitro cytotoxic effects of pure asparaginase on human
cell lines

This study evaluated PC-3, HePG-2, HCT-116, and
MCE-7 cell lines. Untreated cell lines served as negative
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Fig. 3 SDS-PAGE of asparaginase produced by F. falciforme AUMC 16563.
M: prestained marker. Lane 1: crude enzyme. Lane 2: pure asparaginase

controls (Figs. 5A, 6A, 7A, and 8A); PC-3, HePG-2, HCT-
116, and MCEF-7 cells exposed to 100 pg/mL doxorubicin
acted as positive controls (Figs. 5B, 6B, 7B, and 8B); and
PC-3, HePG-2, HCT-116, and MCEF-7 cells treated with
the IC50 of E falciforme’ asparaginase were also evaluated
(Figs. 5C, 6C, 7C, and 8C). The current results showed
that as the asparaginase concentration increased, the cell
viability of the four cell lines (MCEF-7, PC-3, HePG-2, and
HCT-116) decreased, suggesting that the cell lines used
had distinct sensitivities (Figs. 9A-D). Cytotoxicity in
PC-3 cells was significantly induced, yielding an IC50 of
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78.6 pg/mL. Cytotoxicity was observed in HePG-2 cells,
yielding an IC50 of 69.6 pg/mL. In HCT-116 cells, cyto-
toxicity resulted in an IC50 of 51.5 ug/mL, while MCE-7
cells exhibited an IC50 of 32.8 pg/mL. These findings
indicate the most significant effect of the tested enzyme
on the cell lines and were utilized in subsequent investi-
gations to confirm its apoptotic effect.

Gene expression

The antiapoptotic gene BCL-2 was found to be sig-
nificantly (p<0.05) more highly expressed in negative
samples of MCF-7 cells than in those of MCF-7 cells
treated with both Fusarium falciforme AUMC 16563’
asparaginase and doxorubicin (Fig. 10A). In MCE-7 cells
treated with Fusarium falciforme AUMC 16563’ aspara-
ginase and doxorubicin, the expression of proapoptotic
genes, BAX (Fig. 10B) and p53 (Fig. 10C) was signifi-
cantly (p<0.05) increased. Expression analysis of BCL-
2, p53 and BAX in breast cancer cell lines treated with
E falciforme 16563’asparaginase and Doxo showed that
the expression levels of the antiapoptotic gene BCL-2
were singnificantly greater in negative samples of breast
cancer cell lines than in treated cell lines(Fig. 10A). The
expression level of the BCL-2 gene decreased signifi-
cantly in MCF-7 + Doxo and reached the lowest level in
MCE-7 + asparaginase. On the other hand, the expression
levels of proapoptotic genes (P53 and BAX) were sig-
nificantly lower in negative samples of breast cancer cell
lines than in treated breast cancer cell lines (Fig. 11B,C).
The expression levels of proapoptotic genes (BAX and
p53) were significantly graeter in the breast cancer cell
lines treated with asparaginase than in the negative con-
trol breast cancer cell lines.

DNA fragmentation

The current findings demonstrated that, in comparison
with the treated samples, the negative control samples
had significantly (p<0.01) lower DNA fragmentation
rates (9.1+1.01). In contrast, the DNA fragmentation
values of the MCF-7 samples treated with Fusarium fal-
ciforme AUMC 16563 asparaginase (27.2+0.69) and the
drug doxorubicin (24.1 +0.86) were significantly (p <0.01)
lower than those of the samples treated with asparagi-
nase alone (Figs. 12, 13).

Table 2 Purification profile of asparaginase produced by F. falciforme AUMC 16563

Purification steps Volume Total activity Total protein Specific activity (U/mg) Yield Fold
(mL) () (mg) %

Fermentation medium 1330 129,409 361.36 358.11 100 1

Ethyl alcohol 105 37,1385 415 894.9 1148 249

DEAE-cellulose 60 40,104 213 1882.8 59 5.26

Sephacryl S 200 HR 37 43,941.2 8.6 51094 2.38 14.26
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Table 3 Effect of 5 mM addition of metal ions and EDTA on the
pure asparaginase activity produced by F. falciforme AUMC 16563.
Residual activity (%) results are expressed as the proportion

of the activity in the tested inhibitory conditions, from the
asparaginase activity in the control without inhibitors (means
with different values between treatments in the same column
are significantly different at p < 0.05)

Metal ions Specific activity (U/mg) Residual activity (%)
Control 5220.23¢ 1000.0¢
Na* 754845 144.6+2.0°
K* 8091.35° 1554152
Cat* 7308.32° 140+1.0°
Mgt 3654.16° 70+0.5¢
Fett 6201.63° 118.8+1.5°
Cutt 866.56' 16.6%0.5'
Zn*t 2537.039 486+0.59
Mn** 3236.541 62.0+1.5%
Ba** 2009.78" 385+1.0
Co** 2871.139 55+1.51
cd 756.93' 145405
EDTA™ 5220.23¢ 100+1.0¢

Table 4 Kinetic parameters of the substrate specificity of
L-asparaginase

Substrate K, (mM) Vihax (MmMol/min)
Asparagine 5.77x1072 12822
Glutamine 9.12 71.66

Aspartic acid 10.1 62.46

Glutamic acid 122 49.51

In vivo cytotoxic effects of pure asparaginase in an animal
model

The biochemical profiles indicated no impact on glu-
cose levels, other electrolytes, liver function, or kid-
ney function. The total bilirubin level, along with the
activities of aspartate aminotransferase (AST) and

alanine transaminase (ALT), exhibited slight elevation.
The results indicated that the asparaginase from Fusar-
ium falciforme AUMC 16563 had a minimal impact on
liver function, with liver impairment likely indicated by
AST and ALT markers. All haematological parameters
remained within normal ranges throughout the experi-
ment; however, following a 15-day injection of L-aspar-
aginase, white blood cell (WBC), platelet, haemoglobin,
and red blood cell counts were slightly lower compared to
the control group (preinjection). Furthermore, through-
out the experimental periods, the rats remained alive
(Tables S1-S3; Figs. 14, 15).

Discussion

L-Asparaginase is commonly found in plants, animals,
and microbes, but it is absent in humans. Microbes serve
as a superior source for enzyme production due to their
ease of cultivation and manipulation [55]. L-asparagi-
nase, an anti-proliferative enzyme, is found in various
fungal species, including Alternaria, Aspergillus, Chaeto-
mium, Cladosporium, Curvularia, Drechslera, Fusarium,
Penicillium, Pestalotiopsis, Phoma, Phomopsis, Pleurotus,
and Trichoderma [56—63].

Continuous exploration of new microbial sources of
asparaginase is essential. Therefore, this study aimed at
maximizing asparaginase production by FE falciforme
AUMC 16563, facilitating a better understanding of the
independent factors influencing asparaginase produc-
tion and identifying optimal activity levels and fermenta-
tion parameters. F falciforme AUMC 16563 exhibited the
highest asparaginase activity of 97.3 U/mL after 5 days at
pH 8.0 and 25 °C, utilizing 0.2% glucose and 1.0% aspara-
gine. L-Asparaginase production increased progressively
in this study with the growth period, peaking at 120.19 U/
mL after 5 days. The current results were consistent with
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Fig.5 PC-3 celllines (A) untreated cells (negative control) (B) PC-3 cells treated with 100 ug/mL doxorubicin (C) PC-3 cells treated with F. falciforme AUMC
16563'asparaginase

Fig. 6 HePG-2 cell lines (A) Untreated cells (negative control) (B) HePG-2 cells treated with 100 pg/mL doxorubicin and (C) HePG-2 cells treated with
Fusarium falciforme AUMC 16563’ asparaginase

Fig. 7 HCT-116 cell lines (A) Untreated cells (negative control) (B) HCT-116 cells treated with 100 pg/mL doxorubicin, and (C) HCT-116 treated with

Fusarium falciforme AUMC 16563’ asparaginase

the research conducted by Yadav et al. [64] and Isaac et
al. [65], which demonstrated that L-asparaginase derived
from E oxysporum and E solani AUMC 8615, respec-
tively reached optimization on the fifth day of incuba-
tion. In contrast, Trichosporon asahii IBBLA1 exhibited
the highest enzyme yield of 20.57 U/mL after 60 h, as

documented by Ashok et al. [66]. Asparaginase produc-
tion from E falciforme AUMC 16563 in this investigation
exhibited a progressive rise in activity at temperatures
between 20 and 50 °C, peaking at 25 °C.

The pH and temperature of the growth media influence
enzyme synthesis by altering the flow of components
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Fig. 8 MCF-7 cell lines (A) Untreated cells (negative control) (B) MCF-7 cells treated with 100 pug/mL doxorubicin, and (C) MCF-7 cells treated with fu-

sarium falciforme AUMC 16563’ asparaginase

~+—Concentrations pg/mL

~#—Observed Responces

Fig. 9 Observed responses of cell lines versus different concentrations (ug/mL) of F. falciforme AUMC 16563' asparaginase (A) PC-3 cell line, (B) HePG-2

cell line, (C) HCT-116 cell line and (D) MCF-7 cell line

from the cell membrane [67]. Our findings indicated
that the optimal pH for asparaginase production from F
falciforme was 8.0, whereas Alrumman et al. [68] found
that the perfect pH for asparaginase production from B.
licheniformis was 6.5. At 30 °C and pH 8.0, utilizing 0.2%
glucose and 0.5% ammonium sulphate, our results con-
firmed the production of asparaginase from Fusarium

solani AUMC 8615. These conditions represent the opti-
mal parameters for maximal L-asparaginase synthesis
through solid-state fermentation, which was achieved on
the fifth day of incubation [65].

The incubation temperature is significant since it is
regarded as a vital environmental factor for L-aspar-
aginase synthesis by microorganisms, as it regulates
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Fig. 10 Amplification plot of (A) Bcl-2 gene (B) BAX gene (C) p53 gene in the MCF-7 cell lines

microbial growth and, consequently, enzyme production
for optimal yield. The incubation temperature assay was
conducted at several temperatures, specifically 25, 30,
35, 40, 45, and 50 °C, to evaluate their impact on enzyme
synthesis in this investigation. Increased temperatures
led to a reduction in enzyme synthesis, which ceased
entirely at 50 °C in this study. This may be ascribed to
the reduction in the metabolic activity of the microbe, as
previously shown [69].

In this study, the highest asparaginase production
was achieved after 5 days of incubation. Short incuba-
tion periods are generally preferred in the production of
enzymes because they are more cost-effective and mini-
mize the risk of enzyme degradation [70]. A study on E

solani produced similar findings to ours, demonstrating
that five days represented the optimal incubation period
[65]. Microorganisms synthesize L-asparaginase at vary-
ing optimal incubation durations, as demonstrated by
research on Aspergillus terreus and Aspergillus niger [71],
which indicated that incubation exceeding 96 h led to a
reduction in enzyme production; 48 h for Emericella
nidulans [72], and 120 h for Fusarium spp. [73]. The
maximum L-asparaginase activity recorded by Fusarium
foetens was 12.83 U/mL, attained after 7 days of incu-
bation at a pH of 8.0 and a temperature of 27.5 °C [74].
Bacillus halotolerans ASN9 achieved the highest produc-
tion of L-asparaginase (9.25 U/mL), at pH 6.0 and 37 °C
[75]. Our findings contrast with the previously identified
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optimal components for the submerged media. The find-
ings of this study concerning optimal fermentation con-
ditions for maximizing L-asparaginase synthesis offer
significant insights into the scalability of the process. The
enhanced conditions outlined in our findings may pro-
mote a more economical and high-yield production of
L-asparaginase.

The asparaginase produced from E falciforme AUMC
16563 was purified in this study utilizing two chromatog-
raphy columns. The use of DEAE-cellulose and Sephacryl
S 200 HR columns resulted in a 14.26-fold purification of
the enzyme, achieving a yield of 2.38% and a maximum
specific activity of 5109.4 U/mg, exceeding values docu-
mented in other studies. The current study showcased
a highly efficient purification technique that produced
enzymes of exceptional activity and purity. L-asparagi-
nase obtained from P. carotovorum has undergone puri-
fication to a factor of 9.38, resulting in a yield of 23.5%
and reaching a maximum specific activity of 202.6 U/
mg (76]. Bacillus halotolerans ASN9 produces L-aspara-
ginase, resulting in a yield of 24% and a specific activity
of 3083 U/mg [75]. The L-asparaginase derived from F

foetens underwent a purification process that resulted in
a 15.6-fold increase using DEAE-cellulose column chro-
matography, attaining a yield of 39.89% and a specific
activity of 231.38 U/mg [74]. L-asparaginase from Bacil-
lus licheniformis PPD37 underwent a purification process
achieving a 12.47-fold increase through DEAE-cellulose
chromatography. This resulted in an 11.84% yield and an
activity level of 7707 U/mg [77]. L-asparaginase obtained
from E equiseti AHMF4 underwent purification, achiev-
ing a 2.67-fold increase with a yield of 48% and a specific
activity of 488.1 U/mg through the use of anion exchange
QFF and Sephacryl S200 columns [78]. This analysis
indicates that the various purification phases may have
improved purity, which is essential for medicinal appli-
cations where contaminants could pose harmful effects.
This study signifies a notable improvement in the puri-
fication techniques for medicinal enzymes through the
analysis of purification yields and enzyme recovery rates.

Because of the difference between their native and
denatured forms, enzymes are naturally fragile and have
limited function. Enzymes’ thermal stability is a key con-
sideration for pharmaceutical applications because these
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Fig. 12 Agarose gel analysis of MCF-7 cancer cell lines exposed to vari-
ous compounds revealed DNA fragmentation. M: DNA marker; Lane 1:
MCF-7 negative control; Lane 2: MCF-7 cells treated with Fusarium falci-
forme AUMC 16563 asparaginase; Lane 3: MCF-7 cell lines treated with
doxorubicin

enzymes typically have to have high thermal stability.
Based on our findings, the asparaginase was most active
and stable at 39 °C, and it maintained 63% of its activ-
ity at 42 °C. Despite this, the activity gradually decreased,
reaching 35% at 45 °C eventually. Previous research on
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Bacillus licheniformis showed that activity increased
from 20 to 35 °C, peaked at 40 °C, and then decreased by
about 27.7% at 45 °C [70]. Our results were in line with
that work. Streptomyces gulbargensis showed similar out-
comes; at 40 °C, the enzyme was at its most active [3].
Separate research on the Fusarium sp. enzyme found that
L-asparaginase was most active between 30 and 40 °C,
with reduced activity at higher temperatures and com-
plete inactivation between 50 and 60 °C [79]. Researches
on Fusarium equiseti [78), Bacillus aryabhattai [80], and
Emericella nidulans [72], all found similar results, sug-
gesting that the improper conformation of the enzymes
caused by the denaturation of mesophilic enzymes at
high temperatures was to blame for the decrease in
enzyme production.

It has been shown that the majority of L-asparaginase
enzymes, whether isolated or purified, work best in
slightly alkaline environments with pH values between
8 and 10. Our results were supported by the data that
showed that enzyme activity was highest at a slightly
alkaline pH (pH 8). However, further increases in the
alkalinity of the medium may considerably decrease the
enzyme’s activity [69, 79]. Comparable outcomes were
observed in Aspergillus fumigatus [61] and Phaseolus
vulgaris [81], but in other Fusarium species, peak activ-
ity occurred at pH 9 [82]. The reason the ideal pH for
the enzyme is higher than acidic is because the aspar-
tate that is produced during asparagine hydrolysis has a
lower affinity for the active catalytic site of the enzyme.
Asparagine is able to bind to the enzyme more effectively
because of this. According to Abdelrazek et al. [70], when
the pH is acidic, the enzyme breaks down asparagine into
aspartic acid. This acid strongly binds to the enzyme’s

a

MCF-7 + Doxo (+ve)

Treated groups

Fig. 13 DNA fragmentation identified in MCF-7 cell lines treated with F. falciforme AUMC 16563" asparaginase and doxorubicin (Means with different
values between treatments in the same column are substantially different at p <0.05)
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catalytic site, preventing asparagine from attaching to the
enzyme.

This research assessed the impact of certain metal ions
and EDTA on the activity of pure asparaginase in this
study were demonstrated at a concentration of 5 mM. A
notable decrease in enzyme activity was seen in the pres-
ence of Mg**, Co*", Mn**, Cu*", Zn*', Ba®*, and Cd*".
K* demonstrated a markedly stimulatory impact, rank-
ing top among all studied chemicals, followed by Na*,
Ca?*, and Fe?*, compared to the control value. The metal
chelator EDTA did not influence L-asparaginase activ-
ity. The impacts of ions, activators, and inhibitors have
been assessed in various research. In relation to this,

the addition of 5 mM MgSO, and MnSO, activated the
pure L-asparaginase obtained from A. oryzae CCT 3940.
The activity of L-asparaginase was noted to be slightly
reduced in the presence of FeSO,, CuSO,, KCl, CaCO;,
and ZnSO,. Furthermore, the activity of L-asparaginase
was inhibited by ZnSO,, CuSO,, and CaCl,, leading to
an approximate reduction of 60% [68]. KCl and NaCl
have exhibited stimulatory effects on the asparaginase
of Penicillium cyclopium [82]. Hg** reduced the aspara-
ginase activity of Aspergillus niger AKV-MKBU by 50%,
however Mn?* did not inhibit the enzyme activity. The
activity of L-asparaginase obtained from Fusarium foe-
tens was enhanced by Mn?*, Fe?*, and Mg** [65]. The
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inhibition of enzyme activity by divalent ions may be due
to the chelation of sulfhydryl groups of asparaginase with
metal ions [83]. When ions function as an enzyme’s co-
substrate, substrate, or co-factor, they can bind (or che-
late) with proteins to form complexes that affect protein
stability [73]. The asparaginase activity of Brevibacillus
borstelensis ML12 was significantly increased by CoCl,
and KCl, whereas it was considerably reduced by CuSO,,
FeSO,, KNO,, and NaNO; [67]. The asparaginase activ-
ity in Fusarium equiseti AHMF4 augmented by 5.8% and
43.3% following incubation with K* and Mg”* at a con-
centration of 50 mM; conversely, its activity decreased by
77.5% and 99.1% in the presence of Ca?* and Na* at the
identical concentration.

The K, and V,,  of the asparaginase produced by
E falciforme AUMC 16563 for aspartates, glutamine,
aspartic acid, and glutamic acid were determined in this
study. The analysis concluded that L-asparagine was the
optimal substrate due to its high affinity, evidenced by
a V. of 128.22 umol/min and a K, of 5.77 x 10"> mM.

max

The asparaginase from F falciforme 16563 exhibited K,

and V,,, values of 9.12 mM and 71.66 pumol/min for
L-glutamine, 10.1 mM and 62.46 pumol/min for aspar-
tic acid, and 12.2 mM and 49.51 pmol/min for glutamic
acid. The K, and V,, of fungal asparaginases have
been determined through focused research efforts. The
K, value of 0.66 mmol/L and Vmax of 313 U/mL were
determined for an isolated strain of Aspergillus oryzae
CCT 3940 L-asparaginase, as reported by Dias et al. [84].
Parashiva, Javaraiah, et al. [74] report that the isolated
L-asparaginase from Fusarium foetens displayed a K, of
23.82 mM and a Vmax of 210.3 U/mL. On the flip side,
The K, and V,_,, of asparaginases from various bacte-
rial strains have been determined. El-Naggar, et al. [52]
reported that L-asparaginase obtained from Streptomyces
brollosae NEAE-115 exhibited a V,,,, of 152.6 U/mL/min
and a K, of 2.139x 10~® M when L-asparagine served as
the substrate. According to Amer et al., [85], Weissella
paramesenteroides MN2C2 asparaginase exhibited a K
of 441 mM and a V,,, of 130.72 U/mL/min. Shafqat et

al., [75] revealed that the asparaginase produced by Bacil-
lus licheniformis ASN51" exhibited a K, of 0.04 mM and
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a V.« of 7750 U. Various species of Pseudomonas [86]
reported that the asparaginase isolated from the strain
PCH199 exhibited a K, value of 0.164 mM and a V,,
value of 54.78 U/mg. Mukherjee and Bera [87] reported
that the asparaginase produced by Brevibacillus borstel-
ensis ML12 exhibited a K, value of 0.310 mM and a V,,,
value of 121.654 umol/mL/min. Due to minor method-
ological variations, comparing enzyme activity data and
kinetic characteristics across various studies can often
be challenging. It is important to exercise caution when
making comparisons.

The results of this investigation demonstrated that
E falciforme’ asparaginase displayed limited activity
towards L-glutamine while displaying a strong specificity
for L-asparagine, which is advantageous in reducing the
likelihood of negative effects, such as neurotoxicity. This
comparison highlighted the potential benefits of L-aspar-
aginase sourced from F. falciforme in clinical settings
where selectivity is essential for reducing undesirable
effects. This selectivity may aid in reducing the inhibition
of glutaminase in various tissues. Further in vitro bind-
ing and enzymatic studies are necessary to validate and
clarify the isoform selectivity suggested by these protein-
protein docking assays. The models also serve as a foun-
dation for the structure-based development of modified
selectivity profiles for asparaginase variants.

L-asparaginase is a powerful antileukemic medication
that most patients administer twice weekly [88—90]. It is
necessary to investigate new L-asparaginase enzymes as
an alternative to existing ones due to the relative selec-
tivity for the metabolism of cancer tumor cells [90].
Pure asparaginase from FE falciforme AUMC 16563 in
this study was used to assess its antiproliferative activity
against MCF-7, PC-3, HePG-2, and HCT-116 cell lines.
Because of its effectiveness in treating many types of
cancer, L-asparaginase is a major substance. Our study
broadens the applicability of L-asparaginase to prostatic,
hepatic, colonic, and breast malignancies, indicating a
broader therapeutic potential, building upon the work of
Ali et al. [9]., which shown its efficacy in treating lympho-
blastic leukemia. The necessity for additional optimiza-
tion to decrease side effects was further highlighted when
comparing the cytotoxic effects found in our investiga-
tion with the toxic effects reported by Duval et al. [91].

The antiproliferative effects of L-asparaginase on both
normal and cancer cells were studied in vitro in this
investigation. The current results showed that the per-
centage of carcinoma cells killed was the same as that
of PC-3 cells, with an ICy, of 78.6 pg/mL. The HePG-2
cells were rendered cytotoxic at an ICy; of 69.6 pug/mL.
The HCT-116 cells and MCE-7 cells were both shown
to be cytotoxic, with ICs, values of 51.5 pg/mL and
32.8 pug/mL, respectively. Consistent with prior studies,
our results demonstrated that L-asparaginase enzyme
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produced by E falciforme AUMC 16563 was harmful to
some cancer cells but have little effect on healthy cells.

A study conducted in 2018 revealed that the percent-
age of cell mortality in cancer cell lines reached 70% and
80% after treatment with crude L-asparaginase sourced
from Aspergillus sydowii and E oxysporum, respectively
[90]. In a separate study, purified L-asparaginase from
E equiseti was isolated and demonstrated significant
anti-proliferative activity against various malignant cell
lines, including cervical epithelioid carcinoma (HeLa),
epidermoid larynx carcinoma (Hep-2), hepatocellular
carcinoma (HepG-2), colorectal carcinoma (HCT-116),
and breast adenocarcinoma (MCEF-7), with ICy, values
of 2.0, 5.0, 12.40, 8.26, and 22.8 pg/mL, respectively. The
enzyme showed decreased cytotoxicity to normal cells
in vivo, while displaying increased activity, selectivity,
and anti-proliferative effects in a dose-dependent man-
ner against malignant cells [78]. Recent research on the
cytotoxic effects of Fusarium sp. L-asparaginase demon-
strated antileukemic activity with an ICg, of 50.1 U/mL
when tested on RAW2674 leukemic cell lines [79]. The
fungal L-asparaginase enzyme has been shown in pre-
vious studies to suppress a number of cancer cell lines,
including HepG 2, MCEF-7, HCT-116, and A-549 [58,
59, 92]. Purified L-asparaginase from the recombinant
strain AYA 20-1 reduced the viability of HCT-116 cells
by 80% and HepG-2 cells by 100%, respectively, accord-
ing to El-Gendy et al. [58]., whose findings were con-
sistent with our own. Hassan et al. (2018) found that A.
terreus L-asparaginase had anticancer effects on HCT-
116, HepG-2, and MCEF-7 cells, according to IC50 values
ranging from 3.79 to 12.6 ug/mL. The growth of different
tumor cell lines including UACC-62 (melanoma), 786-0
(kidney), NCI-H40 (lung), PC-3 (prostate), NCI-ADR/
RES (ovary), and K562 (leukemia) cells was suppressed by
purified A. oryzae CCT 3940 L-asparaginase [84]. More-
over, L-asparaginase sourced from A. fumigatus showed
noteworthy anti-proliferative effects on MDA-MB-231
breast cancer cells. Cell death rates of 71%, 87.7%, and
96.5% were achieved with doses of 5, 10, and 20 U of
L-asparaginase, respectively [92].

Because it lacks L-asparagine synthetase, the enzyme
relies heavily on L-asparaginase to sustain malignant
growth, which is why it shows a clear preference for can-
cer cells. Also, normal cells are unaffected since they
have the ability to synthesize L-asparagine through the
presence of L-asparagine synthetase, which is present
in adequate quantities [7, 79]. The potential cytotoxicity
of L-asparaginase against noncancerous cells is a major
concern regarding its therapeutic use. Focusing on the
enzyme’s antiproliferative actions against cancer cell
lines and evaluating its cytotoxicity towards noncancer-
ous cells, the study offers a fair review of its therapeutic
potential. Although E falciforme AUMC 16563 showed
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encouraging antiproliferative effect and increased
enzyme synthesis under ideal circumstances, this work
resolves a number of issues related to its introduction.
According to this research, E falciforme AUMC 16563
has the potential to outperform previously used strains
in terms of productivity and efficacy, making it a better
candidate for large-scale production. While this study
found no changes in glucose, other electrolytes, the liver,
or the kidneys when biochemical profiles of pure aspara-
ginase were examined, a small increase in total bilirubin
level and an increase in the activities of aspartate amino-
transferase (AST) and alanine transaminase (ALT) were
noted. Research using AST and ALT indicators also sug-
gested that pure asparaginase might have a small impact
on hepatic function.

Conclusions

In conclusion, our investigation aimed to optimize the
production of L-asparaginase from F falciforme AUMC
16563. After passing the enzyme through two chroma-
tography columns, it was considered pure. The molecular
weight as well as K, and V,,, values of pure asparagi-
nase were determined. Additionally, DNA fragmentation
values of MCEF-7 cells treated with doxorubicin and
pure asparaginase from E falciforme AUMC 16563 were
assessed. After seeing considerable cytotoxicity in PC-3,
HePG-2, HCT-116, and MCEF-7 cells treated with differ-
ent concentrations of E falciforme AUMC 16563 pure
asparaginase, the ICy, was calculated. While the pure
asparaginase biochemical profiles showed no changes in
glucose, other electrolytes, the liver, or the kidneys, they
did show an increase in the activities of aspartate amino-
transferase (AST) and alanine transaminase (ALT) and a
small rise in total bilirubin. Pure asparaginase may also
have a small impact on liver function, according to AST
and ALT indicators.
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