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Abstract

Background: L-Asparaginase is a crucial enzyme to treat Acute Lymphoblastic Leu-
kemia (ALL), as it depletes L-asparagine, an essential amino acid for cancer cell surviv-
al. However, its clinical use is often restricted due to hypersensitivity reactions. This
study examined the anti-proliferative effects and hypersensitivity of fungal L-aspara-
ginases (L-ASNases) from Trichosporon asahii isolate ChL11 (TalChL11 L-ASNase)
and Candida palmioleophila isolate JK12 (CplJK12 L-ASNase).

Methods: The enzymes were produced and purified through ammonium sulfate precipi-
tation, dialysis, and Sephadex G-100 chromatography, and tested on leukemia cells and
BALB/c female mice to assess immune responses.

Results: TalChL11 L-ASNase had a molecular weight of 40 kDa, Michaelis constant
(Km) of 1.66x1072 mM, and Vmax Of 37.23 mM/min, while CplJK12 L-ASNase had a
molecular weight of 135 kDa, Ky 0f 2.3x102 mM, and Vmax of 14.03 mM/min. Both en-
zymes exhibited significant anti-proliferative effects against CCRF-CEM cancer cells,
with half-maximal inhibitory concentration (ICso) values of 2.74 U/ml for TalChL11 L-
ASNase and 3.30 U/ml for CplJK12 L-ASNase after 48 hr, improving further after 72
hr. They also showed low cytotoxicity toward normal Vero E6 cells. in vivo studies
demonstrated that TalChL11 ASNase-treated mice had significantly lower Immuno-
globulin (Ig) G levels than those treated with commercial L-ASNase from Erwinia
chrysanthemi (Owenism) (p<0.005), with no detectable IgE response.

Conclusion: These findings indicate that fungal L-ASNases, particularly TalChL11
ASNase, with lower L-glutaminase activity and a favorable safety profile, could be
promising alternatives to bacterial L-ASNases, potentially enhancing ALL treatment
with fewer side effects.
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Introduction

In biotechnology and pharmaceutical research, L-
ASNase is a crucial enzyme capable of selectively hy-
drolyzing the amino acid L-asparagine into aspartic
acid and ammonia 1. This enzymatic action is signifi-
cant in cancer treatment, where rapid proliferation of

Copyright © 2025, Avicenna Journal of Medlical Biotechnology

malignant cells relies heavily on L-asparagine 2. By
depleting this amino acid, L-ASNase effectively inhib-
its cancer cell growth, making it a valuable component
of chemotherapy regimens 3.

Traditionally, L-ASNase has been sourced primarily
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from bacteria, notably Escherichia coli (E. coli) and
Erwinia chrysanthemi 4. However, there are concerns
over its immunological and hypersensitive reactions
may be because of its prokaryotic nature and L-
glutaminase (L-GLNase) activity >6. As a result of the
side effects associated with bacterial-derived enzymes,
there has been spurred interest in alternative sources,
such as fungi 7. Numerous studies have shown that
various fungal genera, such as Aspergillus, Penicilli-
um, Cladosporium, Saccharomyces cerevisiae, Can-
dida utilis (C. utilis), Trichosporon asahii (T. asahii),
and Fusarium, possess L-ASNase 5. Furthermore,
Freitas et al ® identified fungal isolates, including Pen-
icillium sizovae 2DSST1 and Fusarium (F) prolifera-
tum DCFS10, which were reported to exhibit high L-
ASNase activity along with low L-glutaminase (L-
GLNase) activity. Doriya and Kumar 7 have also re-
ported a fungal isolate designated as C; that can pro-
duce L-ASNase free of urease or L-GLNase activity.
Moreover, fungal isolates T. asahii isolate ChL11 and
Candida palmioleophila (C. palmioleophila) isolate
JK12 have been identified as promising L-ANSase
producers with reduced L-GLNase activity 8.

Characterizing L-ASNase in terms of Michaelis
constant (Km), maximum velocity (Vmax), Substrate
specificity, optimal reaction pH, and optimal reaction
temperature is fundamental for optimizing its therapeu-
tic application. These parameters influence the en-
zyme’s efficiency, specificity, and stability, which are
key to its success in treating leukemia with minimal
side effects °.

A lower Ky value for L-ASNase signifies a higher
affinity for the substrate, enabling the enzyme to
achieve half of its maximum reaction rate at lower sub-
strate concentrations %. For therapeutic applications,
particularly in treating Acute Lymphoblastic Leukemia
(ALL), an ideal L-ASNase should have a millimolar
Kwm value for L-asparagine, ensuring effective substrate
affinity 2. Additionally, L-ASNase with high selectivi-
ty for L-asparagine and minimal L-glutamine activity
is preferred, as this reduces immunogenicity and mini-
mizes side effects associated with L-GLNase co-
activity *.

Temperature and pH are key factors influencing en-
zyme efficiency and effectiveness. pH can alter the
enzyme's active site and substrate charge, affecting
catalytic performance 22, Temperature also impacts
enzyme Kkinetics, either boosting or reducing reaction
rates depending on optimal conditions 2. Understand-
ing these factors is crucial for optimizing L-ASNase
activity in various applications. This study aimed to
characterize L-ASNase produced by two fungal iso-
lates, T. asahii isolate ChL11 and C. palmioleophila
isolate JK12, previously isolated from soil samples®®.
Furthermore, this research focused on evaluating their
anticancer potential, and hypersensitivity effects to
assess their suitability for medical applications.

Materials and Methods
Production and purification of L-asparaginase

The production of L-ASNase is influenced by vari-
ous factors, including media components like carbon
and nitrogen sources, as well as fermentation condi-
tions such as incubation temperature, initial pH of the
Modified Czapek Dox (MCD) media, fermentation
duration, inoculum size, agitation speed, and the com-
position of the MCD media ?*. This study used a One-
Factor-at-a-Time (OFT) approach for optimization,
with other factors held constant and incorporated into
subsequent experiments. The optimization process was
conducted as described by Sisay et al 8 and the pro-
duction of L-ASNase was performed under the opti-
mized conditions. The optimal conditions were as-
sessed based on the enzyme activity produced using the
standard method %°.

Following L-ASNase production under optimized
conditions and media using the selected isolates, puri-
fication was conducted at 4°C, comprising several crit-
ical steps. Initially, the production broth was centri-
fuged to separate the supernatant from the cells and
filtered with 0.22 pum pore size filter paper. Subse-
quently, ammonium sulfate was gradually added to the
filtrate until it attained a saturation level of 60%. This
mixture was then incubated overnight at 4°C before
undergoing centrifugation at 11,000 rpm for 20 min 26
The resulting precipitate was dissolved in the minimum
volume of 50 mM Tris-HCI buffer (pH=8.6) and un-
derwent dialysis against the same buffer for 48 hr, with
periodic replacement of the dialysis buffer (50 mM
Tris-HCI buffer, pH=8.6) every 12 hr at 4°C using a 50
kDa cutoff to remove salts. After dialysis, the fraction
was applied onto a Sephadex G-100 column pre-
equilibrated with 0.05 M Tris-HCI buffer. Protein elu-
tion was achieved using 50 mM Tris-HCI buffer con-
taining 0.1 M KCI. Afterward, fractions were collected
and assessed for protein content and enzyme activity.
The fraction demonstrating the highest enzyme activity
was then subjected to lyophilization, resulting in a
powder stored at 4°C %',

Estimation of the total protein content and enzyme activity

The protein content of the enzyme was estimated by
the Bradford method, as described by Bradford 2.
Standard Bovine Serum Albumin (BSA) solutions (10
to 100 ug in 0.1 ml) were prepared and dispensed into
test tubes. The volume was adjusted to 0.1 ml with
phosphate buffer, and then 5 ml of protein reagent was
added. Absorbance at 595 nm was measured after 10
min, using a blank of phosphate buffer and protein rea-
gent 28, Protein concentration was determined by com-
paring it to a BSA standard curve.

The enzymatic activity of purified L-ASNase was
assessed according to the Nesslerization method 2. The
Nesslerization method entails preparing a reaction mix-
ture in a test tube, consisting of 0.5 ml of the enzyme,
0.5 ml of 0.5 M Tris buffer, 0.5 ml of 0.04 M L-
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asparagine, and 0.5 ml of distilled water. This mixture
was incubated for 30 min, and the reaction was stopped
by adding 0.5 ml of 1.5 M Trichloroacetic Acid (TCA).
After centrifugation at 12,000 revolutions/min (rpm)
for 15 min, 0.1 ml of the supernatant was mixed with
3.7 ml of distilled water. Then, 0.2 ml of Nessler’s rea-
gent was added, and the absorbance was measured at
436 nm using a spectrophotometer 2°,

A standard curve was created using ammonium sul-
fate solutions (20-100 nM) to quantify liberated am-
monia. For the control group, the reaction mixture was
prepared similarly except for adding the enzyme after
adding 1.5 M TCA to the mixture. One international
unit (U) of L-ASNase activity is defined as the amount
of enzyme needed to produce 1 pumol of ammonia per
minute under the assay conditions. Enzyme activity
was calculated using the formula described and the
enzyme-specific activity was calculated by dividing the
amount of enzyme (units) by the total protein concen-
tration (mQ).

U
Enzyme activity (E)

B (umole of ammonia liberated)(2.20)
(0.2)(30)(0.1)

Where, 2.20= Final volume of the reaction system, 0.2
= volume taken for OD, 0.1= Enzyme aliquots, and 30
= Incubation time (in min).

Characterization of L-asparaginase

Determination of L-asparaginase molecular weight: The
molecular weight of the purified enzyme was assessed
through SDS-PAGE, relative to standard molecular
markers. The L-ASNase samples were loaded onto the
gel and separated at 70 V for 120 min, alongside a mo-
lecular mass marker ranging from 11 to 240 kDa. The
enzyme's molecular mass was determined by compar-
ing its migration distance with the molecular mass
markers, as described by Laemmli %,

Effect of temperature and pH on L-asparaginase reac-
tion: The L-ASNase activity was measured at 20°C,
25°C, 30°C, 35°C, 40°C, and 45°C to evaluate the ef-
fect of temperature. The reaction conditions were
maintained for 30 min, and the resulting ammonia was
quantified employing Nessler’s reagent, a methodology
by the protocol elucidated by Imada et al %.

The pH profile of the enzyme was determined at
37°C in various pH (pH=5.0-10.0) using 0.5 mg ml~/ of
enzyme solution (10 units/ml). The buffers used in this
study were potassium phosphate (50 mM, pH=5-7.5)
and Tri-HC1 (50 mM, pH=8.0-10). This evaluation in-
volves 189 mM L-asparagine solution as a substrate 3L
After 30 min of incubation, ammonia was quantified
using the Nesslerization method by Imada et al %.

Effect of substrate concentration on L-asparaginase ac-
tivity: To investigate the effect of substrate concentra-
tion on enzyme activity, L-asparagine was tested at
various concentrations: 1.25, 2.5, 5, 10, and 20 uM.

Enzyme activity was measured using the Nesslerization
method 2. Each assay was duplicated, and average
values were used for kinetic analysis. The kinetic pa-
rameters, including the Vmax, the Ky, and the enzymes'
turnover number (Kcat) were determined using Lin-
eweaver-Burk plots based on the Michaelis-Menten
equation %,

_ KM+ [S]
~ Vmax [§]
Kcat =

Vmax
Ec

where: V is the reaction rate (velocity); [S] is the sub-
strate concentration; Vmax IS the maximum reaction
rate; Km is the Michaelis constant; EC: Enzyme con-
centration; and Kcat: turnover number of enzymes

Effect of incubation time on L-asparaginase activity:
The impact of incubation time on the enzyme's activity
was investigated by varying the duration of incubation
while maintaining constant other factors. Incubation
periods of 5, 10, 15, 20, 25, and 30 min were tested to
assess the enzyme's performance over a range of time
intervals. The reaction was carried out in 50 mM Tris
Buffer, pH=8.6 at 37°C. When the incubation time
reached, the reaction was stopped by 1.5 M Trichloroa-
cetic Acid (TCA) solution and the enzyme activity was
measured following standard methods 2531,

Evaluation of substrate specificity of L-asparaginase:
The determination of L-ASNase specificity for L-
asparagine and L-glutamine was conducted to elucidate
the enzyme's substrate preferences. In this experiment,
the L-ASNase enzyme was incubated separately with
98 mM L-asparagine and L-glutamine in 0.05 M Tris-
HCI buffer (pH=8.6) at 37°C for 30 min. The reactions
were quenched, and the results were assessed using
Nessler's reagent. The absorbance of the reaction mix-
tures was measured at 436 nm wavelengths %,

Antiproliferative effect and hypersensitivity reaction of L-
asparaginase

Cell culture media preparation and reviving cells: The
RPMI-1640 media for the leukemia cell line was pre-
pared according to the manufacturer's instructions by
dissolving RPMI-1640 with 2 mM L-glutamine, 10 mM
Hepes, 1 mM sodium pyruvate, 2.5 g/L glucose in ster-
ile double-distilled water, and supplementing with 1%
penicillin/streptomycin, 10% heat-inactivated Fetal
Bovine Serum (FBS), and 2 g/L Sodium Bicarbonate
34 For the Vero E6 cell line, Dulbecco’s Modified Ea-
gle’s Media (DMEM) was prepared by dissolving
DMEM with 4.5 g/L glucose, 10% FBS, 1.5 mM L-
glutamine, 10 mM Hepes, 2 g/L Sodium Bicarbonate,
and 1% penicillin/streptomycin. After mixing, the pH
of both RPMI and DMEM media was adjusted to 7.2-
7.5 using 1 N HCI and then filtered .

The leukemia (CCRF-CEM) and non-cancerous
(Vero-E6) cell lines were obtained from the Kenya
Medical Research Institute (KEMRI). The growth me-
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dia (RPMI-1640 for CCRF-CEM and DMEM for
Vero-E6 cells) were warmed to 37°C for 30 min. Five
ml of each pre-warmed medium were added to T75
culture flasks. The frozen cells were thawed in a 37°C
water bath, disinfected with 70% ethanol, and then
transferred to the T75 flasks. A 0.2 ml aliquot of each
cell suspension was stained with trypan blue to count
viable cells, and the cell density was adjusted to 1x10*
cells/ml %, The flasks were incubated at 37°C with 5%
CO3, and cell growth was monitored daily using a
phase-contrast microscope. Viable cells were counted
at 0, 24, 48, and 72 hr to determine the exponential
growth phase. The cells were then split into new flasks
for further use.

Resazurin cell viability assay: The cytotoxicity and an-
ticancer activities of purified L-ASNase were assessed
on cancerous (CCRF-CEM) and non-cancerous (Vero-
E6) cell lines using the resazurin assay ¥. This assay
measures cell viability by detecting the conversion of
resazurin to resorufin by viable cells, resulting in a
pink color change, which is quantified using fluores-
cence. Briefly, 1x10* cells in the exponential phase
were seeded into 96-well plates with 100 x/ RPMI-
1640 for CCRF-CEM cells and DMEM for Vero-E6
cells, and incubated for 24 hr. The cells were then
treated with various concentrations of L-ASNase (0.78-
100 U/ml) in triplicates, with a control group included.
The plates were incubated at 37°C with 5% CO, for 24,
48, or 72 hr. After incubation, 20 w/ of resazurin solu-
tion (1 mg/ml in PBS) was added to each well and in-
cubated for an additional 5 hr. The absorbance was
measured at 560 nm and 600 nm using an ELISA read-
er, and cell viability was calculated. The ICso (half-
maximal inhibitory concentration) for cancer cells and
CCso (half-maximal cytotoxic concentration) for nor-
mal cells were determined, and the Selectivity Index
(SI) was calculated by dividing the CCsy of normal
cells by the ICso of cancer cells 2.

Hypersensitivity reactions to L-asparaginase
L-asparaginase sensitization: The sample size was
calculated using the formula n=DF/K+1, where K is
the number of groups and DF is the degrees of freedom
%, The study used twenty-four female BALB/c mice,
aged 5-8 weeks and weighing 20-30 g, obtained from
the JKUAT Small Animal Facility for Research and
Innovations (SAFARI), which were randomly divided
into four groups. In the study, Group 1 (negative con-
trol) received intraperitoneal injections of 100 ul/
Freund’s adjuvant mixed with 100 x/ normal saline
solution (0.9% NaCl) on days 1 and 14. Groups 2, 3,

and 4 were sensitized with 56.25 U/kg L-ASNase on
day 1 and 112.5 U/kg on day 14, both with 100 ul/
Freund’s adjuvant, using L-ASNase from T. asahii
isolate ChL11, C. palmioleophila isolate JK12, or a
commercial source. Then 100 pl blood samples were
collected from the tail vein of all the groups on days 13
and 23 for further analysis.

Induction of antibody production and blood collection:
After sensitization, Group 1 received a challenge of
100 g/ normal saline solution. In contrast, Groups 2, 3,
and 4 were challenged with 1125 U/kg (100 w/) L-
ASNase (from T. asahii isolate ChL11, C. palmiole-
ophila isolate JK12, or commercial source) on day 24.
Then, 100 u/ blood samples were collected via cardiac
puncture on day 28. Serum was obtained by centrifuga-
tion at 400xg and 4°C for 10 min.

ELISA assessment of antibody production: The levels
of 1gG and IgE production against L-ASNase were
quantified using an ELISA kit from Solarbio Life Sci-
ence. Briefly, 100 ul of standard, blank, or diluted se-
rum samples were added into wells of 96-well plates
precoated with each specific antigen. After incubation
for 1 hr, 100 ul of enzyme-antibody conjugate was
added to each well. Subsequently, 100 ul of TMB (3,3,
5,5'-Tetramethylbenzidine) substrate solution was add-
ed into each well, and incubated at room temperature
for 10 E. coli. Finally, 100 ul of stop solution was add-
ed to each well, and the absorbance was measured at
450 nm using an ELISA Reader %4,

Statistical analysis

All experiments were conducted in replicates of
each parameter, allowing for the calculation of stand-
ard deviation and standard error of the mean to provide
insight into the variability within each independent
variable. Enzyme Kkinetic parameters were calculated
using the Lineweaver-Burk plot in R.

Results

Optimization of media and culture conditions for L-asp-
araginase production

In this study, two fungal isolates, T. asahii isolate
ChL11 and C. palmioleophila isolate JK12, were used
to produce L-ASNase under optimized conditions, as
shown in table 1. For T. asahii isolate ChL11, the op-
timal conditions were 35°C, 120 hr incubation, initial
pH=8.0, 2.0% inoculum, and 50 rpm agitation, with
sucrose and L-asparagine as the carbon and nitrogen
sources, respectively. The optimal conditions for C.
palmioleophila isolate JK12 were 25°C, 96 hr incuba-
tion, initial pH=6.5, 8.0% inoculum, and 200 rpm agi-

Table 1. Optimization of L-ASNase production condition on MCD media using fungal isolates

Incubation  Initial media Inoculum Agitation Carbon .
Isolate Temperature p Nitrogen source
period volume speed source
T. asahii isolate ChL11 35°C 120 hr 2.0% 50 rpm Sucrose L-asparagine
C. palmioleophila isolate JK12 25°C 96 hr 8.0% 200 rpm Fructose Yeast extract
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tation, with fructose and yeast extract as the carbon and
nitrogen sources.

Purification and characterization of L-asparaginase

The culture filtrate from T. asahii isolate ChL11 had
a total activity of 30.84+5.14 U/ml, a protein content of
777.10%4.21 pg/ml, and a specific activity of 39.69+
5.32 U/mg, as shown in table 2. Ammonium sulfate
concentration increased protein content to 936.72+
12.32 pg/ml and specific activity to 50.42+4.51 U/mg,
with a purification fold of 1.27. After Sephadex G-100
purification, specific activity reached 92.83+4.54 U/
mg. For C. palmioleophila isolate JK12, the culture
filtrate had 34.04+6.43 U/ml activity, 877.42+13.68
pg/ml protein content, and 38.80+4.32 U/mg specific
activity. After ammonium sulfate, specific activity in-
creased to 47.83+3.22 U/mg (1.23 purification fold)
and 76.0£3.71 U/mg after Sephadex G-100. Overall, T.
asahii isolate ChL11 and C. palmioleophila isolate
JK12 achieved purification folds of 2.34 and 2.28, re-
spectively.
Physicochemical characterization of L-asparaginase

Determination of the molecular weight of the enzymes:
SDS-PAGE analysis of L-ASNase from T. asahii
isolate ChL11 (TalChL11 L-ASNase) showed a single
protein band after purification, with a molecular weight
of around 40 kDa (Figure 1A), indicating successful
isolation of the enzyme. Similarly, L-ASNase from C.
palmioleophila isolate JK12 (CplJK12 L-ASNase)
showed a single band between 135 kDa and 180 kDa,
matching the protein marker at approximately 135 kDa
(Figure 1B). These results confirm the effective purifi-
cation and consistent molecular weights of the L-
ASNase enzymes from both isolates.

Effect of pH and temperature on L-asparaginase activi-
ty: The investigation into L-ASNase activity across dif-
ferent pH levels yielded significant findings. As shown
in figure 2, L-ASNase from T. asahii isolate ChL11
initially showed an activity of 13.09+1.5 U/ml at pH
5.0. As the pH increased, the enzyme's activity also
increased, reaching its maximum of 25.28+0.59 U/ml
at pH=7.5. This represents a 193.13% increase, indicat-
ing that the enzyme functions optimally at a near-

Figure 1. SDS-PAGE gel images of L-asparaginases. Figure 1A
shows an SDS-PAGE gel image of L-asparaginase from T. asahii
isolate ChL11. Lane 1 represents the marker, Lane 2 the culture
filtrate, Lane 3 the ammonium sulfate fraction, Lane 4 the dialyzed
enzyme, and Lane 5 the purified enzyme using a Sephadex G-100
column. Similarly, Figure 1B displays the SDS-PAGE gel image of
L-asparaginase from C. palmioleophila isolate JK12, with Lane 1
being the protein marker, Lane 2 the dialyzed enzyme, Lane 3 the
ammonium sulfate fraction, Lane 4 the culture filtrate, and Lane 5
and 6 the purified enzyme using a Sephadex G-100 column.

304 & TalChL11 L-asparaginase
-m CplIK12 L-asparaginase

Enzyme activity (U/ml)
[
7

65 7 75 8 85 9 95 10
pH

n-
n
n
N

Figure 2. Effect of pH on L-ASNase activity.

neutral pH. Beyond this peak, the activity declined, as
shown in figure 2. Similarly, L-ASNase from C.
palmioleophila isolate JK12 showed an initial activity
of 11.23+0.77 U/ml at pH=5.0, peaking at 21.13+0.87
U/ml at pH=7.0, an enhancement of 188.16%, before
gradually decreasing. These results highlight the com-
plex relationship between pH and enzyme activity.

The study on L-ASNase activity examined the en-
zyme from 20°C to 45°C to find its optimal tempera-

Table 2. Purification profile of L-asparaginase from T. asahii isolate ChL11 and C. palmioleophila isolate JK12

Total protein (Mean+SD)

Total activity (meanSD)

Specific activity (Mean+SD)  Purification

L-ASNase Purification step (ug/ml) (Ulml) (Ulmg) fold
TalChL11 L-ASNase
Culture filtrate 777.10%4.21 30.84+5.14 39.69+5.32 1.0
(NH,),SO, precipitation 936.72+12.32 47.2346.32 50.42+4.51 1.27
Dialysis 662.44+13.16 36.71+3.11 55.42+6.34 1.396
Sephadex G-100 269.32+15.24 25.02+7.12 92.83+4.54 234
CplJK12 L-ASNase
Culture filtrate 877.42 +13.68 34.04+6.43 38.80+4.32 1.0
(NH4),SO4 precipitation 1109.94+23.08 53.38+3.54 47.83+3.22 1.23
Dialysis 598.13+17.03 39.92+6.26 66.74+5.33 1.72
Sephadex G-100 236.25+14.16 20.94+4.37 76.0£3.71 2.28
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Figure 3. Effect of temperature on L-ASNase activity.

ture. For L-ASNase from T. asahii isolate ChL11, the
highest activity was at 35°C with 38.97£1.2 U/ml, a
204.03% increase from 20°C (19.1+1.2 U/ml), as
shown in figure 3. Activity declined beyond 35°C,
dropping to 15.35+2.06 U/ml at 45°C, retaining
80.36% of its initial activity at 20°C, indicating sensi-
tivity to higher temperatures. Similarly, L-ASNase
from C. palmioleophila isolate JK12 peaked at 35°C
with 34.2+0.83, a 196.55% increase from 20°C (17.4%
0.9 U/ml). Activity decreased past 35°C, reaching
17.65+0.43 U/ml at 45°C but retaining 101.44% of its
activity at 20°C, showing notable temperature stability
up to 45°C.

Effect of incubation time on L-asparaginase activity:
Figure 4 illustrates the enzyme activity of TalChL11 L-
asparaginase and CplJK12 L-asparaginase over a 40-
min incubation period. In the initial phase (0—10 min),
both enzymes show a slow increase in activity, with
CplJK12 L-ASNase showing a slightly faster reaction
rate. Between 10 and 20 min, enzyme activity rises
rapidly, likely due to faster substrate binding, indicat-
ing that both enzymes reach their optimal catalytic
conditions. During this phase, TalChL11 L-ASNase
exhibits a steeper increase, surpassing CplJK12 L-
ASNase in activity. After 20 min, both enzymes ap-
proach their peak activity, stabilizing around 25-30
U/mL between 25 and 30 min, with TalChL11 L-
ASNase maintaining slightly higher enzymatic activity.
These results indicate that both fungal L-asparaginases
exhibit time-dependent enzymatic activity, with the
most effective catalytic phase occurring between 10
and 20 min, followed by a plateau phase where activity

A Lineweaver-Burk plot
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Figure 4. Effect of incubation time on L-asparaginase activity.

stabilizes. This analysis highlights the dynamic nature
of enzyme activities over time and underscores the
differential kinetic properties of TalChL11 L-ASNase
and CplJK12 L-ASNase.

Effect of substrate concentration on L-asparaginase ac-
tivity: Examining kinetic parameters is pivotal in com-
prehending an enzyme's catalytic efficacy. In this
study, the Michaelis-Menten constant (Kw), represent-
ing the substrate concentration at which enzymes reach
Vmax, along with Vmax and turnover number (Kca) for
both TalChL11 L-ASNase and CplJK12 L-ASNase
were evaluated using Lineweaver-Burk plot, as shown
in figures 5A and 5B. The Ky of TalChL11 L-ASNase
and CplJK12 L-ASNase was found to be 1.66x102 mM
and 2.3x102 mM respectively, demonstrating a strong
affinity of the enzymes towards their substrate, L-
asparagine, as shown in table 3. The relatively low Ky
value suggests the enzymes’ effectiveness in convert-
ing substrate molecules into products even at low con-
centrations.

Furthermore, the Vmax of TalChL11 L-ASNase and
CplJK12 L-ASNase was 37.23 mM/min and 14.03 pM/
min respectively. These Vmax Of the enzymes signify
the maximum rate of the enzymatic reaction when the
enzymes are saturated with substrate. This underscores
their efficiency in catalyzing the conversion of L-
asparagine. The turnover numbers (Kcat) for TalChL11
and CplJK12 L-ASNases were 3.7 and 1.4 min™, con-
verting about 3.7 and 1.4 substrate molecules/min, re-
spectively.

Substrate specificity of L-asparaginase: The purified
fungal protein derived from the T. asahii isolate ChL11
revealed a significant contrast in enzymatic activity be-
tween L-ASNase and L-GLNase, as shown in table 4.

Lineweaver-Burk plot

0.06

=]
=]
=

20 40 60 80
1/[S] (1/mM)

Figure 5. Lineweaver-Burk plot of TalChL11 L-ASNase (Figure 5A) and CplJK12 L-ASNase (Figure 5B) reaction rate to different L-asparagine

concentrations.
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Table 3. L-asparaginase kinetic parameters

Enzymes Kv(MM) Ve (MM/min) pH T°(°C)  Kcat (min?)
TalChL11 L-asparaginase 1.66x107? 37.23 75 35 3.7
CplJK12 L-asparaginase 2.3 x10? 14.03 7.5 35 14

Table 4. Comparative analysis of purified fungal enzymes' L-ASNase and L-GLNase activities.

Enzyme L-ASNase activity (U/ml) L-GLNase activity (U/ml) L-ASNase activity to L-GLNase activity ratio
TalChL11 L-asparaginase 25.84+0.53 3.20+0.02 8.08
CplJK12 L-asparaginase 20.26+4.22 3.34x1.72 6.07

Specifically, L-ASNase activity surpassed L-GLNase's
by more than eightfold within the purified protein sam-
ple. This discrepancy highlights the considerable varia-
tion in enzymatic efficacy between these two functions
within the fungal protein derived from T. asahii isolate
ChL11. Similarly, the fungal protein obtained from the
C. palmioleophila isolate JK12 upon purification ex-
hibited a marked difference in enzymatic activity be-
tween L-ASNase and L-GLNase. The L-ASNase activ-
ity within the purified protein sample was more than
six times higher than that of L-GLNase. This finding
highlights the significant difference in enzymatic effi-
ciency between the two activities of the fungal protein
from C. palmioleophila isolate JK12.

The anti-proliferative potential of L-asparaginase

The study investigated the impact of L-asparagi-
nases from T. asahii isolate ChL11 and C. palmiole-
ophila isolate JK12 on CCRF-CEM cells, using the
resazurin assay with commercial L-asparaginase as a
reference standard. Results demonstrated that both
fungal L-asparaginases exhibited dose-dependent and
time-dependent inhibition of cell viability, indicating

=~
—
(=1
(=]

their potential as anticancer agents. Notably, higher
concentrations of the fungal extracts (25 U/ml) signifi-
cantly inhibited cell proliferation, while lower concen-
trations (0.78 U/ml) showed minimal effects. Further-
more, as depicted in figure 6, the antiproliferative ac-
tivities of the L-ASNases increased with longer expo-
sure times. Higher concentrations of both fungal L-
ASNases were notably more effective at inhibiting cell
proliferation, underscoring their potential as anticancer
agents at adequate doses. Additionally, longer exposure
times resulted in greater inhibition of cell viability,
suggesting that extended treatment with these enzymes
could enhance their effectiveness in a therapeutic set-
ting.

The assessment of fungal-derived L-ASNases on the
CCRF-CEM leukemia cell line revealed significant
growth inhibitory effects, as shown in figure 7. The
ICso values (enzyme concentration required to inhibit
50% of cell proliferation) varied based on the enzyme
source and exposure duration. For TalChL1l L-
ASNase, the ICso values were 3.62+0.05, 2.74+0.01,
and 1.60+0.45 U/ml after 24, 48, and 72 hr, respective-
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Figure 6. Antiproliferative activity of L-ASNases on CCRF-CEM cells over different treatment periods. Antiproliferative activity of Tal11ChL L-
asparaginase, CplJK12 L-asparaginase, and commercial L-ASNase on CCRF-CEM leukemia cells over 24 (Figure A), 48 (Figure B), and 72 hours
(Figure C) of incubation. The values presented are the mean of three independent experiments (n=3). The coefficient of determination (R?) was above
0.96 for all the curves.
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Figure 7. Comparison of the antiproliferative activity of TalChL11
L-asparaginase, CplJK12 L-asparaginase, and commercially sourced
L-ASNase against CCRF-CEM cell line. Different ICs, values for
each tested extract were plotted against the enzyme exposure time.
Bars sharing the same lowercase letter (a-f) are not significantly
different across all bars, and bars sharing the same uppercase letter
(A-C) are not significantly different within the same exposure time
(p>0.05; one-way ANOVA followed by Tukey’s HSD test).

ly. Similarly, CplJK12 L-ASNase exhibited IC50 val-
ues of 4.91+0.06, 3.30+0.23, and 1.91+0.38 U/ml over
the same periods, respectively. These findings suggest
that TalChL11 L-ASNase offers superior efficacy in
inhibiting CCRF-CEM cell proliferation, highlighting
its potential for therapeutic applications in cancer treat-
ment. However, both fungal L-ASNases exhibited sig-
nificantly higher ICso values compared to commercial
L-ASNase, which demonstrated the lowest 1Cs values
at all exposure times (3.32+0.46, 2.35+0.005, and
1.29+£0.54 U/ml, respectively), indicating its superior
potency. The bar graph in figure 7 illustrates this trend,
showing that at 24 hr, CplJK12 L-ASNase had the

tion, while TalChL11 L-ASNase exhibited a lower 1Csy
value, indicating greater efficacy. Over 48 hr, all 1Cso
values decreased, reflecting increased enzyme effec-
tiveness with prolonged exposure, with TalChL11 L-
ASNase maintaining superior inhibition compared to
CplJK12 L-ASNase. By 72 hr, the ICsp values further
declined, demonstrating a time-dependent increase in
cytotoxicity. While commercial L-ASNase consistently
exhibited the lowest ICso values, fungal L-ASNases
still showed notable anti-proliferative activity, with
TalChL11l L-ASNase proving more effective than
CplJK12 L-ASNase. These results suggest that, despite
the higher potency of commercial L-ASNase, TalChL11
L-ASNase could be a promising alternative f or thera-
peutic use.

Determination of the cytotoxic concentration of L-
asparaginase: In assessing the cytotoxicity of L-ASNase
against the Vero E6 cell line over a 24 hr exposure
period, the concentrations required to achieve 50%
cytotoxicity were 12.08+5.26 U/ml for TalChL11 L-
ASNase, 16.67+7.92 U/ml for CplJK12 L-ASNase, and
9.99+5.37 U/ml for commercial L-ASNase. For a 48 hr
exposure time, the CC50 values were 10.94+3.26,
13.1445.04, and 7.32+1.75 U/ml, respectively for
TalChL11 L-ASNase, CplJK12 L-ASNase, and com-
mercial L-ASNase. Additionally, for a 72 hr exposure
period, the CC50 values further decreased to 5.45+0.12
for TalChL11 L-ASNase, 5.45+0.12 for CplJK12 L-
ASNase, and 4.25+0.38 U/ml for commercial L-
ASNase, respectively as shown in figure 8 and table 5.
These concentrations reflect the levels at which L-
ASNase shows at least 50% cytotoxicity in Vero E6

highest 1Cso value, suggesting the least potent inhibi- cells.
A 100 24 by B 100, 48 hr
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Figure 8. Cytotoxic activity of TalChL11 L-ASNase, CplJK12 L-ASNase, and commercially sourced L-ASNase against Vero E6 cells. Cytotoxic
activity of TalChL11 L-ASNase, CplJK12 L-ASNase, and commercially sourced L-ASNase against VVero E6 cell line over 24 (Figure A), 48 (Figure
B), and 72 hr (Figure C) of incubation. VValues represent the mean of three independent experiments (n=3), with an R2 above 0.96 for all curves.
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Table 5. L-asparaginase Sl evaluated on normal and cancer cells

Half-maximal inhibitory concentration against

Exposure period

Enzyme cell line 24 hr 48 hr 72hr
TalChL11 L-asparaginase
CCso (U/ml) against Vero E6 12.08+5.26 10.9443.26 5.45+0.12
I1Cs (U/ml) against CCRF CEM 3.62+.05 2.74+.01 1.60+0.45
Selectivity index 3.34 3.99 341
CplJK12 L-asparaginase
CCsp (U/ml) against Vero E6 16.67+7.92 13.14+5.04 5.39+.001
I1Cs (U/ml) against CCRF CEM 4.91+0.06 3.30+0.23 1.91+0.38
Selectivity index 3.40 3.98 2.82
Commercial L-asparaginase
CCsp (U/ml) against Vero E6 9.9945.37 7.32+1.75 4.25+0.38
ICs (U/ml) against CCRF CEM 3.32+0.46 2.35+0.005 1.29+0.54
Selectivity index 3.01 3.11 3.29

Note: The mean ICso and CCso values were derived from two independent experiments, as presented in Figures 6 (A-C) and 8 (A-C), with the corresponding

1Cs0 and CCso data provided in Appendix 2.2.

Determination of the selectivity index of L-
asparaginase: The relative safety margin of L-ASNase,
indicated by the drug Selectivity Index (SI), was calcu-
lated by dividing the CCso value by the 1Csq value. For
a 24 hr exposure period, the Sl values revealed that the
concentration required to inhibit 50% of cancer cell
proliferation was significantly higher than that needed
to achieve the same effect on normal cells: 3.34 for
TalChL11 L-ASNase, 3.40 for CplJK12 L-ASNase,
and 3.01 for commercial L-ASNase. Similarly, these
values increased over a 48 hr exposure period to 3.99,
3.98, and 3.11, respectively. Additionally, for 72 hr
exposure period, the Sl values were 3.41 for TalChL11
L-ASNase, 2.82 for CplJK12 L-ASNase, and 3.29 for
commercial L-ASNase, as shown in table 5. Further-
more, the Sl values in the present study indicate that
greater selectivity for both fungal L-ASNases was ob-
served after 48 hr of exposure. On the other hand, the
maximum Sl for commercial L-ASNase was recorded
after 72 hr of exposure. In general, these Sl values in-
dicate that the cancer cells were more sensitive to L-
ASNases compared to the normal cells.

Evaluating 19gG and IgE production for L-ASNase hyper-
sensitivity in mice

To examine the immunogenicity of L-ASNase, an in
vivo experiment was conducted with four groups of
mice. During the initial sensitization period (days 1-
13), the treatment groups received 56.25 U/kg of L-
ASNase derived from T. asahii isolate ChL11, C. pal-
mioleophila isolate JK12, or commercial L-ASNase.
Unlike the negative control group, these groups show-
ed an immune response, which did not receive L-
ASNase. In the subsequent sensitization phase (days
14-23), the dose was increased to 112.5 U/kg. All L-
ASNase-treated groups exhibited significant increases
in serum IgG levels compared to the negative control

group. Notably, mice treated with commercial L-
ASNase had higher IgG titers than those treated with
L-ASNase from T. asahii isolate ChL11 or C. palmio-
leophila isolate JK12. Furthermore, when the dose was
increased to 1125 U/kg, the immune response (lgG
level) in mice treated with L-ASNase derived from T.
asahii isolate ChL11 was significantly lower than in
those treated with commercial L-ASNase. However,
there was no significant difference in 1gG levels be-
tween mice treated with commercial L-ASNase and
those treated with L-ASNase derived from C.
palmioleophila isolate JK12. This suggests that while
all forms of L-ASNase can induce an immune re-
sponse, the commercial version and the one derived
from C. palmioleophila isolate JK12 elicit a stronger
reaction, particularly at higher doses, as depicted in
figure 9A. In assessing the production of anti-L-
ASNase, IgE in mice treated with TalChL11l L-
ASNase, CplJK12 L-ASNase, and commercial L-
ASNase, the results showed no significant immune
response against any of the three types com-pared to
the negative control group. This indicates that the mice
did not produce notable levels of IgE antibodies in re-
action to these L-ASNases as depicted in figure 9B.

Discussion

Purifying enzymes is essential for removing con-
taminants and enhancing specificity, efficacy, and sta-
bility 22. In this study, L-ASNase from T. asahii isolate
ChL11 and C. palmioleophila isolate JK12 was puri-
fied through multiple steps, revealing variations in pro-
tein content, enzyme activity, and specific activity,
which reflect the purification process's effectiveness.
As expected, higher purity led to an increased specific
activity, indicating a more concentrated and potent
enzyme 2. Determining enzyme molecular weight is
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Figure 9. Time course of anti-L-asparaginase 1gG (Figure A) and anti-L-asparaginase IgE (Figure B) development in the serum of mice. This figure
shows the immunogenic response in Balb/c mice treated with commercial L-asparaginase (positive control), TalChL11 L-ASNase, CplJK12 L-
ASNase, or saline (negative control) on days 1-13, 14-23, and 24-28. Figure A displays serum IgG levels, while Figure B shows serum IgE levels,
with data as mean+SD (ng/ml) over time. In Figure A, bars with the same lowercase letter (a-f) show no significant difference across all groups, and
bars with the same uppercase letter (A-D) show no difference at the same time point (one-way ANOVA with Dunnett’s test, p>0.05). No significant

differences were observed in Figure B, indicating no letters.

also crucial for understanding function, guiding charac-
terization, and ensuring purity, which informs purifica-
tion strategies and quality control in biomedical and
industrial applications “%. SDS-PAGE analysis con-
firmed that L-ASNase from T. asahii isolate ChL11
had a molecular weight of approximately 40 kDa,
while the enzyme from C. palmioleophila isolate JK12
had a molecular weight of 135 kDa, consistent with
with L-ASNases from E. coli (138-141 kDa), Erwinia
(138 kDa), and Rhizomucor miehei (133.7 kDa %+, In
contrast, L-ASNases purified from other micro-organ-
isms, like Lasiodiplodia theobromae and C. utilis, ex-
hibit varying molecular weights (70 kDa and 75 kDa,
respectively) 248 likely due to genetic differences
among the organisms.

Temperature and pH play a crucial role in determin-
ing enzyme efficiency by influencing the structural
integrity of the active site and the overall reaction rate
22 Optimizing these factors is key for enhancing L-
ASNase activity 2. In this study, L-ASNase from T.
asahii isolate ChL11 showed optimal activity at pH
7.5, while C. palmioleophila isolate JK12 peaked at
pH=7.0. Both enzymes were most active at 35°C and
remained stable between 20°C and 45°C, highlighting
their broad functionality. These findings align with
other studies %% but also reveal varying optimal condi-
tions among different microbial sources 5!, emphasiz-
ing the diversity in L-ASNase characteristics.

Understanding enzyme kinetics and substrate speci-
ficity is key to optimizing efficacy and reducing side
effects. This study investigates how different substrate
concentrations impact L-ASNase activity and its speci-
ficity. The Ky for TalChL11 and CplJK12 L-ASNases
were 1.66x1072 and 2.3x1072 mM, respectively. This
finding aligns with the results reported by %2, wherein
L-ASNase extracted from Penicillium digitatum (P.
digitatum) showed a Ky of 1.0x102 mM which is also
similar to the two main currently marketed therapeu-
tics, Oncaspar® and Erwinase®, enzymes that have Ky

values of approximately 0.02-0.05 and 0.05 mM, re-
spectively 5354, This indicates the enzymes identified in
the present study have strong substrate affinity and
effective conversion even at low concentrations. More-
over, the enzymes found in the current study found
Vmax values of 37.23 mM/min for TalChL1l L-
ASNase and 14.03 mM/min for CplJK12 L-ASNase,
which are lower compared to Lasiodiplodia theobro-
mae (127 uM mlt min?) and Streptomyces fradiae
NEAE-82 (95.08 U/ml/min) 4850,

L-asparaginase (L-ASNase) is a crucial enzyme in
leukemia treatment, depleting asparagine to inhibit
cancer cell proliferation. While bacterial L-ASNases
are commonly used, their immunogenicity and side
effects necessitate alternative sources. This study eval-
uated the anticancer potential of two fungal-derived L-
ASNases, TalChL11 and CplJK12, using CCRF-CEM
leukemia cells, with commercial L-ASNase as a refer-
ence. Both fungal enzymes exhibited significant dose-
and time-dependent antiproliferative effects, effectively
inhibiting cell viability even at low concentrations.
These findings highlight the potential of fungal L-
ASNases as alternative therapeutic agents for leukemia
treatment. TalChL11 L-ASNase showed increasing
potency over time, with IC50 values decreasing from
3.62+0.05 at 24 hr to 1.60+0.45 U/ml at 72 hr. In com-
parison, CplJK12 L-ASNase had IC50 values of
4.9140.06 at 24 hr, 3.30+0.23 at 48 hr, and 1.91+0.38
U/ml at 72 hr. These values are higher than those re-
ported for other L-ASNases, such as 1.5 U/ml after 72
hr 5, 1 U/ml after 24 hr %5, 0.22 U/ml after 48 hr for
Aspergillus niger (A. niger) AKV-MKBU, 2.0 U/ml for
Trichoderma koningii, and 2.5 U/ml for Trichoderma
iride HKO1 after 24 hr 5% In contrast, L-ASNase
from Aspergillus sydowii (A. sydowii) and Fusarium
oxysporum (F. oxysporum) had 1C50 values of 50.0
and 62.5 U/ml, respectively 5°, while L-ASNase from
Lasiodiplodia theobromae showed an IC50 of 35.2+0.7
U/ml “8, These comparisons highlight the diverse po-
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tency of L-ASNases and their potential for cancer treat-
ment.

The cytotoxicity assessment on Vero E6 cells show-
ed that TalChL11 L-ASNase had CCso values of
12.08+5.26 at 24 hr, 10.94+3.26 at 48 hr, and 5.45+
0.12 U/ml at 72 hr, while CplJK12 L-ASNase had
CCs values of 16.67+7.92 U/ml at 24 hr, 13.14+5.04
U/ml at 48 hr, and 5.39+0.001 U/ml at 72 hr. These
results indicate that TalChL11 and CplJK12 L-ASNases
have higher CCsg values, suggesting lower cytotoxicity
compared to the 8.5£0.5 U/ml CCso of Streptomyces
rochei L-ASNase against WI-38 cells after 24 hr . In
contrast, these values are much lower than the 79.4+1.9
U/ml for L-ASNase from Lasiodiplodia theobromae,
indicating higher cytotoxicity “¢. The variability in cy-
totoxicity can be attributed to differences in the source
organism, enzyme purification levels, and the sensitivi-
ty of cell lines, with fungal L-ASNases potentially un-
dergoing unique post-translational modifications or
structural changes compared to bacterial ones.

Type | and Type Il hypersensitivity reactions are
immune responses triggered by antibodies. Type | hy-
persensitivity is mediated by immunoglobulin E (IgE)
and is associated with allergic reactions ©. In contrast,
Type Il hypersensitivity involves immunoglobulin G
(IgG) %2. This study examined anti-L-ASNase 1gG and
IgE to assess the potential immune reactions to L-
ASNase. During initial sensitization (days 1-13), 1gG
levels were similar across all L-ASNases, indicating
equal immunogenicity likely due to the low dosage.
However, with repeated exposure, mice showed higher
IgG levels to commercial and CplJK12 L-ASNase than
to TalChL11 L-ASNase, highlighting variability in im-
munogenicity depending on the enzyme source. These
findings align with bioinformatics data indicating that
fungal L-ASNases have lower immunogenicity than
bacterial ones %. Moreover, this study found no signif-
icant IgE production in any treatment group, including
commercial and fungal L-ASNases, with IgE levels
similar to the negative control. This suggests that nei-
ther form induced IgE-mediated immune responses,
contrasting with previous reports of L-ASNase sensiti-
zation triggering IgE production ®. The contradiction
with previous studies may be due to structural differ-
ences in L-ASNases, which could affect the enzyme's
immunogenicity and result in varying levels of IgE-
mediated hypersensitivity.

Conclusion

The SDS-PAGE analysis confirmed the successful
purification of L-ASNase from T. asahii isolate ChL11
(TalChL11 L-asparaginase) and C. palmioleophila iso-
late JK12 (CplJK12 L-asparaginase). The low Km val-
ues and high Vmax highlight their efficiency in substrate
conversion. Moreover, their significantly higher L-
ASNase activity than L-GLNase indicates their selec-
tivity and specificity to L-asparagine which could re-
duce side effects associated with the enzymes’ L-

GLNase co-activity. Both TalChL11 L-ASNase and
CplJK12 L-ASNase selectively target cancer cell pro-
liferation while sparing normal cells. The comparable
antiproliferative potential of fungal L-asparaginases to
their bacterial counterparts underscores their promise
as effective therapeutic agents for treating cancer, par-
ticularly ALL. The lower production of 1gG against
TalChL11l L-ASNase compared to commercial L-
ASNase, along with the absence of IgE production,
underscores the enzyme's favorable safety profile. In
conclusion, these results suggest that fungal L-ASNases
from T. asahii and C. palmioleophila have strong po-
tential as therapeutic agents.
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