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Background: L-asparaginase (L-ASNase) is an essential enzyme used to treat acute lymphoblastic
leukemia (ALL) by depleting L-asparagine, a vital nutrient for leukemia cells. However, its clinical use
is challenged by adverse effects linked to its bacterial origin and L-glutaminase (L-GLNase) co-activity.
This study aims to identify fungi capable of producing L-ASNase with reduced L-GLNase co-activity.
Results: Among the fungal iolates, isolate JK12 and ChL11 showed high L-ASNase activity (34.04 ± 1.83a

U/ml and 30.84 ± 0.53b U/ml, respectively) with reduced L-GLNase co-activity (4.95 ± 0.28c U/ml and
4.80 ± 0.02d U/ml, respectively). Sequencing of the internal transcribed spacer (ITS) region of these
isolates identified them as Candida palmioleophila isolate JK12 (�99% identity with Candida genus) and
Trichosporon asahii isolate ChL11 (�98% identity with Trichosporon genus). Moreover, these isolates
exhibited distinct preferences for carbon (C) and nitrogen (N) sources, as well as culture conditions for
L-ASNase production. C. palmioleophila isolate JK12 demonstrated the highest L-ASNase production in
fructose and yeast extract (67.6 ± 0.04a U/ml and 51.4 ± 0.04a U/ml, respectively), following 96 h of
incubation at 25�C (43.8 ± 1.22a U/ml, 55.8 ± 0.02a U/ml, respectively), with an agitation speed of
100 rpm (59.9 ± 0.04a U/ml). On the other hand, T. asahii isolate ChL11 exhibited maximum L-ASNase
production in sucrose and L-asparagine (64.2 ± 0.08a U/ml and 63.6 ± 0.01a U/ml, respectively), after
120 h of incubation at 35�C.
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Conclusions: The fungal isolates T. asahii isolate ChL11 and C. palmioleophila isolate JK12 have been iden-
tified as promising L-ASNase sources of safer therapeutic prospects in cancer therapy due to the reduced
GLNase co-activity.
How to cite: Sisay T, Mobegi VA, Wachira S, et al. Isolation and characterization of fungi producing
L-asparaginase with reduced L-glutaminase activity from soil samples. Electron J Biotechnol 2024.
https://doi.org/10.1016/j.ejbt.2024.05.002.
� 2024 The Authors. Published by Elsevier Inc. on behalf of Pontificia Universidad Católica de Valparaíso.
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1. Introduction

L-asparaginase (EC 3.5.1.1), also known as L-asparagine amino-
hydrolase, is a valuable therapeutic enzyme that is used to treat
acute lymphoblastic leukemia (ALL) [1]. It converts L-asparagine
(L-Asn) into L-aspartic acid and ammonia leading to the depletion
of L-Asn in the bloodstream [2]. This results in an anti-proliferative
effect on leukemia cells since they are reliant on extracellular L-
Asn due to their inability to produce sufficient amounts of L-Asn
[3,4,5]. This dependency creates an opportunity for L-ASNase ther-
apy to selectively target leukemic cells while preserving healthy
ones.

L-ASNases can be produced by animals, plants, and various
microorganisms, including bacteria, fungi, algae, yeast, and actino-
mycetes [6,7]. Nonetheless, the extraction processes of L-ASNase
from plant and animal sources pose challenges, resulting in insuf-
ficient quantities for application [3,8]. On the other hand, due to
their ease of cultivation, ability to produce substantial quantities,
and suitability for large-scale production and purification, microor-
ganisms, notably Escherichia coli, Erwinia carotovora, and Erwinia
chrysanthemi, are the primary sources of clinical L-ASNases
[3,9,10]. Nonetheless, it is crucial to recognize that bacterial-
derived enzymes come with a range of adverse effects, including
thrombotic events, dyslipidemia, hyperglycemia, neutropenia,
and pancreatitis [11,12,13]. According to reports, about 30–40%
of patients develop hypersensitivity to bacterial L-ASNase which
makes the therapeutic use of L-ASNase for leukemia patients a
matter of discussion for several years [14,15,16]. Investigations
indicate that the adverse effects of bacterial L-ASNase are caused
by the allergenic prokaryotic epitopes and its ability to hydrolyze
L-glutamine [17,18,19]. It has been indicated that L-ASNase with
high L-GLNase activity has more severe adverse effects than L-
ASNase with lower L-GLNase activity [16,20].

The severe adverse effects associated with bacterial L-ASNases
due to the prokaryotic allergenic epitopes initiate investigations
to find new sources that produce L-ASNase with minimal side
effects [18]. Concerning this, L-ASNase derived from eukaryotes
is attracting attention as it has been reported to have lower
adverse effects [21]. Fungi have attracted attention for their poten-
tial in L-ASNase production due to their eukaryotic nature and cel-
lular resemblance to humans [22,23]. It is anticipated that fungal L-
ASNases would demonstrate higher similarity to mammalian pro-
teins compared to prokaryotic ones, potentially resulting in
reduced immunological reactions [24].
2. Materials and methods

2.1. Sample collection and isolation of fungi

Thirty-six soil samples (nine from each sampling site), weighing
one hundred grams each, were collected at a depth of 0 to 30 cm
from four locations across the Republic of Kenya. These locations
include the Jomo Kenyatta University of Agriculture and Technol-
ogy campus (1.0912� S, 37.0117� E), family poultry waste disposal
sites near Juja town market (1.1002� S, 37.0183� E), Karura forest
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(1.2368� S, 36.8304� E), and Thika town waste dumping site
(1.0388� S, 37.0834� E). The collection was conducted using sterile
bottles and a sterile spatula at each site, and the samples were
stored at 4�C until used.

In the present study, fungal strains were isolated from serially
diluted soil samples (dilution factor of 10-3) using the dilution
plate method on Modified Czapek Dox (MCD) agar, consisting of
glucose (0.2%), L-Asn (1%), agar (2%), MgSO4�7H2O (0.052%), KCl
(0.052%), KH2PO4 (0.152%), CuNO3�3H2O (0.001%), FeSO4 (0.001%),
ZnSO4�7H2O (0.001%), and Phenol red (0.005%, v/v) at a pH of 6.6
[25,26,27]. The isolates exhibiting a pink halo zone around fungal
growth were identified as L-ASNase producers and sub-cultured
for further study.

2.2. Screening of isolates for L-asparagine and L-glutamine hydrolytic
enzyme

The isolated fungal strains were screened for their potential to
produce L-ASNase enzyme without L-GLNase activity. For this pur-
pose, the isolates were assessed for their ability to utilize L-
glutamine by cultivating them on MCD media with L-glutamine
as the sole nitrogen source [28]. Then, they were also screened
for their capacity to secrete L-ASNase growing them onMCDmedia
supplemented with L-Asn as the sole nitrogen source and 0.005%
phenol red [25]. The secretion of L-ASNase by the isolates was indi-
cated by the formation of a pink zone due to the hydrolysis of L-
Asn, and the production of ammonia. The strains exhibiting the
highest enzyme activity zone index value were selected for further
investigation. The enzyme activity halo zone index was calculated
as follows [27]:

Halo zone Index ¼ Halo Zonediameter ðcmÞ
Colonydiameter ðcmÞ

Where the halo zone diameter is measured in cm and refers to the
size of the pink-colored region formed around the growing mycelia,
whereas the colony diameter, also measured in cm, represents the
size of the growing mycelia created at the center of the halo zone.

2.3. Determination of fungal extracts L-asparaginase and L-
glutaminase activity

The specificity of L-ASNase for L-Asn and L-glutamine was eval-
uated according to the Nesslerization method with some modifica-
tions [29]. The crude enzyme was extracted from the MCD broth
after 72 h incubation by centrifugation and a supernatant, contain-
ing enzyme, was used to determine the enzymatic activity of the
extract using the respective substrates, L-Asn for L-ASNase activity
and L-glutamine for L-GLNase activity. In both cases, the enzymatic
activity of the extract was determined by mixing 1 ml of 50 mM
Tris-HCl buffer (pH 8.4), 0.1 ml of 189 mM L-Asn or L-glutamine,
0.9 ml of distilled water, and 0.1 ml of crude enzyme, shaken well
and incubated at 37�C for 30 min. Then, the reaction was termi-
nated by the addition of 0.1 ml of 1.5 M trichloroacetic acid. After
centrifuging the mixture at 12,000 rpm for 15 min, 0.2 ml super-
natant was taken and mixed with 2 ml of distilled water and
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0.2 ml Nessler’s reagent. Then, the ammonia liberated from the
reaction was quantified by measuring the absorbance of the mix-
ture at 436 nm with a UV-spectrophotometer after drawing a stan-
dard curve using Ammonium sulfate as a standard solution. One
international unit (IU) of L-ASNase activity is defined as the
amount of enzyme required to produce 1 lmol of ammonia per
minute under the conditions of the assay [29]. The enzymatic
activity was calculated as follows:

EnzymeactivityðU=mLÞ ¼ lmoleof ammonia liberatedð Þð2:20Þ
ð0:2Þð30Þð0:1Þ

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

2.4. Identification of L-ASNase-producing isolates

For molecular characterization of the selected fungi exhibiting
notable extracellular hydrolytic enzyme production, DNA was
extracted using the Quick-DNATM Fungal/Bacterial Miniprep Kit
(ver.2.2.2), following the kit instructions; the concentration and
purity of the DNA extract were determined with a NanoDrop spec-
trophotometer. Subsequently, the ITS-2 region of the extracted
DNA was amplified using universal primers ITS3 and ITS4 [30] in
a 50 lL reaction mixture consisting of 3 lL DNA (100 ng), 1.0 ll
of forward and reverse primers each (50 lM), 25 lL 1X Master
Mix, and 20 lL nuclease-free water. The amplification process
was initiated by pre-heating at 95�C for 10 min, followed by 34
cycles of denaturation at 95�C for 1 min, annealing at 56�C for
1 min, extension at 72�C for 1 min, and a final extension at 72�C
for 10 min. Subsequently, the PCR amplicons with a length of
350 bp were forwarded to Macrogen (Netherlands) for sequencing.

The sequences obtained from Macrogen were compared with
the GenBank database with the help of the BLASTn program
(https://www.ncbi.nlm.nih.gov/BLAST). With consideration of
nucleotide similarity percentage, the best ten BLAST hits were
selected for each isolate and used to construct a midpoint-rooted
phylogenetic tree by neighbor-joining phylogenetic tree using the
neighbor-joining method on MEGA 11 software [31]. One thousand
bootstrap replications were calculated to evaluate the tree topol-
ogy [32]. The sequences of the isolates were then submitted to
the GenBank database, and the respective GenBank accession num-
bers were acquired.

2.5. Optimization of L-ASNase production media components and
culture conditions

L-ASNase production conditions, such as incubation tempera-
ture, initial pH of the media, fermentation period, inoculum vol-
ume, and agitation speed; and production media (MCD)
components, such as carbon and nitrogen sources were optimized.
Fig. 1. Plate assay showing halo zone formed due to L-asparagine hydrolysis by L-aspa
L-ASNase activity, releasing ammonia from L-Asn in MCD and causing a color change f
L-ASNase with L-GLNase co-activity, releasing ammonia from L-glutamine in MCD and
incubation. (For interpretation of the references to color in this figure legend, the reade
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The optimization process began with the refreshment of the iso-
lates for 72 h in MCD containing 10% (v/v) L-Asn. Then, the inocula
were used to optimize a range of conditions, including incubation
temperature (ranging from 20-40�C), initial pH (varying from 5.0 to
9.0) of MCD media, fermentation period (ranging from 48-120 h),
agitation speeds (ranging from 0 rpm-200 rpm), and inoculum vol-
ume (1–16%). These fungal culture conditions are pivotal factors
that significantly impact enzyme production due to their direct
effect on the regulation of protein expression, which in turn
changes the composition of the transcriptome.

Furthermore, the study investigated the efficacy of common
carbon sources (such as glucose, sucrose, fructose, sodium acetate,
and starch) and nitrogen sources (including L-Asn, L-glycine, yeast
extract, NaNO3, and peptone), which serve as primary components
in many L-ASNase production media. The optimum conditions
were evaluated in terms of the enzyme activity produced using
the standard method [29].

2.6. Statistical analysis

All statistical analyses of the experimental data were carried out
using Statistical Package for Social Sciences Software (SPSS) ver-
sion 20. All descriptive statistical analyses were presented as
mean ± SD of triplicate samples using SPSS version 20. Moreover,
SPSS.20 was used for Tukey’s honestly significant difference
(HSD) test at a significance level of p = 0.05 to compare means
using one-way ANOVA. The statistical graph (Fig. 2) was created
using MS Excel 2010.
3. Results and discussion

3.1. Isolation and screening of L-asparaginase-producing fungal

In the present study, sixty-five fungal isolates were isolated
based on the halo zone formation around fungal mycelia growing
on MCD culture media that contains L-Asn as the sole nitrogen
source. Among these isolates, seventeen of them showed a wide
range of L-ASNase production capabilities with low L-glutamine
utilization capacity as shown in Fig. 1. The formation of a halo zone
on the medium, resulting from the shift in color from yellow to
pink, indicates the rise of the culture media pH due to the libera-
tion of ammonia molecules from L-Asn by the L-ASNase activity
of the isolates [3]. It is also important to mention that ammonia
can be liberated from the breakdown of L-glutamine by the
L-GLNase co-activity of L-ASNase even though L-ASNase with
L-GLNase co-activity is an unsafe enzyme for treating ALL patients
[28,33].

Statistical analysis of the L-ASNase activity halo zone index
mean indicated significant differences among different isolates,
as illustrated in Fig. 2. The isolates ChL11 and KA17 showed the
raginase-producing fungal isolates. Fungal isolates ChL11 (A) and JK12 (B) exhibit
rom yellow (C, control plate) to pink. Fungal isolates JK17 (D) and KA5 (E) display
inducing a slight color change from yellow (C, control plate) to pink after 72 h of
r is referred to the web version of this article.)

https://www.ncbi.nlm.nih.gov/BLAST


Fig. 2. Bar graph showing fungal isolates’ L- ASNase activity halo zone index after 72 h incubation on MCD. Different lowercase letters on the top of the bars indicate
significant differences at the 5% level (Tukey’s HSD test).
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highest mean L-ASNase activity halo zone index, while isolates
ThW7, ThW13, ChL14, Thw6, and JK12 demonstrated a mean
L-ASNase activity halo zone index significantly higher than the
mean observed for the remaining isolates. These isolates, ChL11,
KA17, ThW7, ThW13, ChL14, Thw 6, and JK12, displayed an
L- ASNase activity halo zone diameter that was twice or more than
twice the size of the colony diameter (index � 2) which is in line
with the discovery reported by Doriya and Kumar [28]. This finding
suggests that these isolates are potential L-ASNase producers,
aligning with the observation that a wider halo zone formation
around the mycelia indicates a greater capacity to utilize L-Asn
due to L-ASNase production [34,35].
3.2. Determination of fungal extracts L-asparaginase and
L-glutaminase activity

In the present study, the L-ASNase extracted from the isolate
JK12 demonstrated the highest mean L-ASNase activity (34.04 ±
1.83a U/ml) followed by L-ASNase extracted from ChL11(30.84 ±
0.53b U/ml). In addition to exhibiting the maximum L-ASNase
activity, the enzyme from these isolates showed lower GLNase
activity (4.80 ± 0.02d U/ml, 4 and, 4.95 ± 0.28c U/ml, respectively)
compared with the extract from the isolates Thw7, Thw13, and
Table 1
Determination of the fungal isolates’ extract L-ASNase and L-GLNase activity.

No. Isolates L-ASNase activity (U/ml)

1 ChL11 30.84 ± 0.53b

2 ChL14 23.26 ± 4.22g

3 JK12 34.04 ± 1.83a

4 KA17 29.52 ± 2.75d

5 Thw6 28.68 ± 2.06e

6 Thw7 29.87 ± 2.06c

7 Thw13 25.86 ± 2.28f

Means within the same column followed by different letters are statistically different p
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Thw6 (5.43 ± 0.26b U/ml, 5.45 ± 0.05b U/ml and 5.59 ± 0.32a

U/ml, respectively).
On the other hand, while the enzyme extracted from isolates

KA17 and ChL14 exhibited comparable lower GLNase activity
(4.82 ± 0.12d U/ml and 4.94 ± 1.72c U/ml) to that of ChL11 and
JK12, their L-ASNase activity (29.52 ± 2.75d U/ml and
23.26 ± 4.22g U/ml) is significantly lower than that of ChL11 and
JK12 (30.84 ± 0.53b U/ml and 34.04 ± 1.83a U/ml, respectively). In
consideration of the extracts’ L-ASNase and GLNase activity, the
extract from JK12 showed a higher L-ASNase to GLNase activity
ratio (6.88) followed by the extract from isolate ChL11 (6.43) as
depicted in Table 1. This finding indicates that the extracts from
these isolates, exhibiting substantially higher L-ASNase activity
(more than sixfold) compared to their GLNase activity, have the
potential to produce L-ASNase with minimal side effects [20].
Although the fungal isolates exhibited enzymes with lower GLNase
activity compared to their L-ASNase activity, it is worth noting that
the L-ASNases extracted from all the isolates still demonstrated
GLNase co-activity.

3.3. Molecular characterization of fungal isolates

The amplification of the ITS-2 region of genomic DNA and agar-
ose gel electrophoresis confirmed that the size of the PCR products
L-GLNase activity (U/ml) L-ASNase activity to
L-GLNase activity ratio

4.80 ± 0.02d 6.43
4.94 ± 1.72c 4.71
4.95 ± 0.28c 6.88
4.82 ± 0.12d 6.12
5.59 ± 0.32a 5.13
5.43 ± 0.26b 5.50
5.45 ± 0.05b 4.74

� 0.05 (Tukey’s HSD test).
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for the selected isolates is approximately 350 bp (Fig. 3), consistent
with the findings reported by Kumar and Shukla [36]. Conversely,
White et al. [37] have reported that the amplicon size of fungal
rRNA using ITS3 and ITS4 primers is 330 base pairs.

The analysis of nucleotide homology in the ITS sequences of the
isolates using BLAST revealed that ChL11 is classified within the
genus Trichosporon. The Trichosporon species most closely related
to isolate ChL11 include Trichosporon asahii strains CU12015.6,
CU12015.21, and CU12015.19, along with isolates 16, M15, CUMB
VP-VL4-03, white 1, OTU_79, F83, and en10 (Fig. 4A), sharing a min-
imum nucleotide identity of 98.0%. The fungal isolate identified in
this study, ChL11, is classified as T. asahii isolate ChL11, with its
assigned GenBank accession number being OR770496, aligning
with the findings of Ashok et al. [12], who identified T. asahii
IBBLA1 as an L-ASNase producer. In addition, Ashok and Kumar
[38] reported an ASNase enzymatic activity of 20.57 U mL�1 after
optimizing the physical and chemical parameters.

On the contrary, the ITS-2 sequence analysis revealed that iso-
late JK12 belongs to the genus Candida. Specifically, fungal species
closely related (�99.0% identity) to isolate JK12 include Candida
palmioleophila isolate 2Y25 (C. palmioleophila isolate 2Y25), C. palmi-
oleophila strain SM94181, C. palmioleophila isolate NWHC 44797–149
1SD, C. palmioleophila isolate 17H, C. palmioleophila isolates FJAT-
31035, C. palmioleophila strain CBS 7418, C. manassasensis strain
UCDFST, C. palmioleophila strain YFA124396, C. palmioleophila strain
YFA124099, and C. palmioleophila IFM 54668 (Fig. 4B). The fungal
isolate from this study, JK12, is designated as C. palmioleophila iso-
late JK12, with the GenBank accession number OR770502, consis-
tent with the study’s findings. This finding aligns with Arima
et al.’s [39] research, revealing Candida’s potential to produce
extracellular L-ASNase without glutamine hydrolysis which is
strengthened when Correa et al. [40] confirmed the capacity of
Candida glaebosa L75 to L-ASNase. Sakamoto et al. [41] and Momeni
[42] have also reported that certain yeast strains within Candida
utilis exhibit a notable capability for extracellular L-ASNase
production.

While filamentous fungi like Aspergillus, Fusarium, and Penicil-
lium are commonly known as L-ASNase producers, none of the iso-
lates in the present study belonged to these genera. The absence of
Fig. 3. Illustrates the agarose gel image of PCR products, with Lanes 2, and 3
displaying PCR amplicons of the ITS II region for fungal isolates (ChL11, and JK12),
and Lane 1 featuring a 100 bp ladder.
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Aspergillus, Fusarium, and Penicillium isolates in this study may be
attributed to both geographical differences, as it marks the first
research endeavor of its kind in Kenya and the nature of the sam-
pled environment. It is worth noting that many L-ASNase-
producing fungi have been predominantly isolated from aquatic
environments, which differs from the terrestrial samples collected
in this study. The isolation and characterization of fungal isolates
in the present study suggest that various fungal genera have the
potential to produce L-ASNase, in addition to the filamentous fungi
that are commonly reported.
3.4. Optimization of L-ASNase production media component and
culture conditions

3.4.1. Effect of carbon and nitrogen sources on L-ASNase production
As carbon and nitrogen sources play a crucial role in the phys-

iology and metabolism of enzyme production by fungi, the effect of
carbon and nitrogen sources on L-ASNase production was studied
in the present study to explore the preferred source that can
induce ASNase enzyme production. The findings in the current
study demonstrated significant variations in the quantity of
L-ASNase produced by both isolates in an MCD medium with
diverse 0.2% carbon sources as illustrated in Table 2. The investiga-
tion revealed that among the tested carbon sources, sucrose and
fructose exhibited the highest effectiveness, resulting in maximum
L-ASNase production for T. asahii isolate ChL11 (64.2 ± 0.08a U/ml)
and C. palmioleophila isolate JK12 (67.6 ± 0.04a U/ml), respectively.
These results align with the findings of Doriya and Kumar [28],
who found that sucrose and fructose were effective in supporting
L-ASNase production, while glucose served as a good inducer and
primary carbon source for L-ASNase biosynthesis. Moreover,
Moguel et al. [43] have also found that the production of
L-ASNase by Streptomyces albidoflavus was favored when sucrose
was used as a carbon source.

Statistical analysis of the results revealed that the nitrogen
sources have a substantial influence on the production of
L-ASNase by both T. asahii isolate ChL11 and C. palmioleophila isolate
JK12. The highest L-ASNase levels (63.6 ± 0.10a) were produced by
T. asahii isolate ChL11 and in an MCD medium containing L-Asn as
the sole nitrogen source. On the other hand, the maximum
L-ASNase (51.4 ± 0.04a) production was observed by
C. palmioleophila isolate JK12 when yeast extract as a nitrogen
source, as illustrated in Table 2. A similar finding was reported
by Udayan et al. [44] which revealed that endophytic fungus
Fusarium sp. LCJ324 showed the highest L-ASNase production when
L-Asn was used.
3.4.2. Effect of pH on L-ASNase production
In the present study, the isolates T. asahii isolate ChL11 and

C. palmioleophila isolate JK12 demonstrated maximum L-ASNase
production, reaching 52.0 ± 0.10a U/ml in an MCD medium with
an initial pH of 8.0 and 57.3 ± 0.26a to 59.6 ± 0.00a U/ml, in an
MCD medium with an initial pH of ranging 6.5 to 7.0, respectively,
incubated at 25�C for 72 h (Table 3). The current result aligns with
Ashok et al. [12] discovery that T. asahii IBBLA1 achieves maximum
L-ASNase production at a pH of 7.0 with an incubation period of
60 h. On the other hand, Rajesh et al. [45] have found that a high
enzyme activity was obtained at pH 8.0, while L-ASNase was
produced by Aspergillus terreus for 48 h. Contrary to the present
finding, Udayan et al. [44] discovered that the optimal L-ASNase
activity was attained at an initial pH of 6.0. These results, indicat-
ing the presence of substantial differences in L-ASNase production
levels at different pHs both by T. asahii isolate ChL11 and
C. palmioleophila isolate JK12, may suggest the influence of the
production medium’s pH on the microbial production of L-ASNase.



Fig. 4. Depicts the phylogenetic trees of fungal isolates generated through the neighbor-joining method with the Kimura 2-parameter model. Figures A and B present the
phylogenetic trees for isolates T. asahii (ChL11) and C. palmioleophila (JK12) respectively, along with their corresponding homologous isolates in NCBI. The numbers adjacent to
each node represent the percentage bootstrap value based on 1000 replicates. The fungal isolate identified in this study is highlighted within a red box in each tree.
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3.4.3. Effect of incubation temperature and period on L-ASNase
production

In the present study, the isolate T. asahii isolate ChL11 exhibited
maximum L-ASNase production (54.7 ± 0.57a U/ml) at an incuba-
tion temperature of 35�C, while C. palmioleophila isolate JK12 pro-
duced a maximum L-ASNase (55.8 ± 0.02a U/ml) at an incubation
temperature of 25�C, incubated for 72 h in an MCD medium
(Table 4). Moreover, the isolate T. asahii isolate ChL11 exhibited a
maximum L-ASNase production (65.6 ± 0.01a U/ml) at an incuba-
tion period of 120 h, while C. palmioleophila isolate JK12 produced
a maximum L-ASNase (43.8 ± 1.22a U/ml) at an incubation period
of 96 h at an incubation temperature of 25�C. This discovery in
the current study is in line with the report found by Ashok et al.
[12] that T. asahii IBBLA1 produced L-ASNase optimally at an incu-
bation period of 60 h. These results suggest that the microbial pro-
duction of L-ASNase may be influenced by the incubation
temperature and incubation period. Furthermore, Varalakshmi
and Raju [46] observed the significant influence of incubation
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duration on L-ASNase production, noting that various organisms
reach peak L-ASNase production at distinct incubation times, as
emphasized by Abo-Stait et al. [47] for various fungal isolates.

3.4.4. Effect of agitation speed and inoculum volume on L-ASNase
production

The results in the present study revealed substantial variations
in the quantity of L-ASNase produced by both isolates, T. asahii iso-
late ChL11 and C. palmioleophila isolate JK12, in an MCD medium
with different agitation speeds and inoculum volume percentages
relative to the productionmedium volume, as illustrated in Table 5.
T. asahii isolate ChL11 and C. palmioleophila isolate JK12 exhibited
the highest L-ASNase production (57.0 ± 0.06a U/ml and
59.9 ± 0.04a U/ml, respectively) at an agitation speed of 50 rpm
and 100 rpm, respectively. In a study conducted by Ali et al. [48],
an agitation speed of 100 rpm was found to be optimal for
L-ASNase production by Aspergillus sydowii and Fusarium oxysporum
which is similar to the finding recorded for C. palmioleophila isolate



Table 2
Effect of carbon and nitrogen sources on L-ASNase production.

Carbon/ Nitrogen source L-ASNase activity (U/ml) from
T. asahii isolate ChL11

L-ASNase activity (U/ml) from
C. palmioleophila isolate JK12

Carbon source Dextrose 33.3 ± 0.20e 40.5 ± 0.18d

Fructose 55.5 ± 0.18b 67.6 ± 0.04a

Sucrose 64.2 ± 0.08a 43.8 ± 0.03c

Sodium acetate 45.3 ± 0.04c 52.2 ± 0.03b

Starch 37.2 ± 0.15d 38.4 ± 0.06e

Nitrogen source L-Asn 63.6 ± 0.10a 48.4 ± 0.27b

Glycine 30.9 ± 0.04e 47.4 ± 0.14c

NaNO3 35.4 ± 0.07b 33.1 ± 0.08e

Peptone 34.1 ± 0.19c 37.2 ± 0. 07d

Yeast extract 30.7 ± 0.13d 51.4 ± 0.04a

Means within the same column in a group followed by different letters are statistically different p � 0.05 (Tukey’s HSD test).

Table 3
Effect of MCD medium initial pH on L-ASNase production.

MCD medium initial pH L-ASNase activity (U/ml) from
T. asahii isolate ChL11

L-ASNase activity (U/ml) from
C. palmioleophila isolate JK12

pH = 5.0 18.0 ± 0.0g 5.1 ± 0.06f

pH = 5.5 27.3 ± 0.0f 26.9 ± 0.00d

pH = 6.0 28.2 ± 0.07e 45.4 ± 0.36b

pH = 6.5 33.5 ± 0.23c 59.6 ± 0.00a

pH = 7.0 41.4 ± 0.06b 57.3 ± 0.26a

pH = 7.5 41.4 ± 0.0b 44.9 ± 0.0b

pH = 8.0 52.0 ± 0.10a 36.3 ± 1.37c

pH = 8.5 29.5 ± 0.06d 20.8 ± 4.56d

pH = 9.0 8.3 ± 0.10h 13.1 ± 4.16e

Means within the same column in a group followed by different letters are statistically different p � 0.05 (Tukey’s HSD test).

Table 4
Effect of temperature and incubation period on L-asparaginase production.

Incubation temperature/ Incubation period L-ASNase activity (U/ml) from
T. asahii isolate ChL11

L-ASNase activity (U/ml) from
C. palmioleophila isolate JK12

Incubation temperature 20�C 33.1 ± 1.97c 30.7 ± 0.5e

25�C 36.8 ± 2.48bc 55.8 ± 0.02a

30�C 44.5 ± 8.44ab 43.9 ± 1.02b

35�C 54.7 ± 0.57a 41.2 ± 0.01c

40�C 40.4 ± 0.05bc 35.7 ± 0.07d

Incubation period 48 h 28.7 ± 1.74c 28.1 ± 0.5d

72 h 32.6 ± 2.70c 36.3 ± 0.55c

96 h 51.5 ± 0.03b 43.8 ± 1.22a

120 h 65.6 ± 0.01a 38.5 ± 0.01b

Means within the same column in a group followed by different letters are statistically different p � 0.05 (Tukey’s HSD test).

Table 5
Effect of agitation speed and inoculum volume on L-ASNase production.

Agitation speed (rpm) / Inoculum volume % (v/v) L-ASNase activity (U/ml) from
T. asahii isolate ChL11

L-ASNase activity (U/ml) from
C. palmioleophila isolate JK12

Agitation speed (rpm) 0 rpm 48.2 ± 0.25c 39.3 ± 0.05e

50 rpm 57.0 ± 0.06a 41.7 ± 0.10d

100 rpm 52.3 ± 0.17b 45.6 ± 0.03c

150 rpm 44.4 ± 0.07d 51.4 ± 0.05b

200 rpm 41.8 ± 0.35e 61.6 ± 0.12a

Inoculum volume % (v/v%) 1% 29.6 ± 0.07e 39.7 ± 0.04e

2% 61.7 ± 0.10a 50.0 ± 0.34d

4% 57.9 ± 0.57b 55.3 ± 0.25b

8% 54.4 ± 0.07c 67.7 ± 0.04a

16% 45.7 ± 0.02d 53.7 ± 0.18c

Means within the same column in a group followed by different letters are statistically different p � 0.05 (Tukey’s HSD test).
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JK12 in the present study. These findings suggest that the agitation
rate of the medium during incubation is a crucial factor that can
affect enzyme productivity in microbes as it determines the mass
16
transfer of oxygen from gas bubbles in the environment, the level
of dissolved oxygen in the medium, and the accessibility of nutri-
ents in the medium [49]. Momeni [42] has also reported that the
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production of L-ASNase by C. utilis is maximum at the agitation
speed of 300 rpm. Contrary to this, Yap et al. [50] have indicated
that some fungal species like Fusarium proliferatum can produce
the same amount of L-ASNase in agitating conditions regardless
of the agitation speed.

In addition to agitation speed, the production of L-ASNase is
influenced by the percentage of inoculum volume relative to the
production medium volume. The maximum L-ASNase production
(61.7 ± 0.10a U/ml and 67.7 ± 0.04a U/ml, respectively) is observed
with an inoculum volume of 2% for T. asahii isolate ChL11 and 4% for
C. palmioleophila isolate JK12. In contradiction to the findings in the
current study, Zia et al. [51] found that maximal L-ASNase produc-
tion by Aspergillus nigerwas achieved when an inoculum volume of
5% relative to the production medium volume.

4. Conclusions

L-asparaginase is a crucial therapeutic enzyme vital for treating
acute lymphoblastic leukemia by disrupting leukemic cells’ reli-
ance on extracellular L-Asn. However, the side effects associated
with currently available bacterial-derived L-ASNases highlight
the necessity to explore eukaryotic organisms as potential novel
L-ASNase producers, particularly those with low L-GLNase co-
activity. In this study, fungal isolates T. asahii isolate ChL11 and C.
palmioleophila isolate JK12 exhibited promising L-ASNase with
low glutaminase activity. Therefore, this finding is not only aligned
with the existing literature suggesting that fungal L-ASNase can be
a key therapeutic agent in the treatment of acute lymphoblastic
leukemia but also reaffirms that fungal sources for the production
of L-ASNase are a promising area that could be investigated further
to address the challenges associated with bacterial-derived L-
ASNases, including adverse effects like hypersensitivity reactions.
Moreover, further studies are imperative to validate the efficacy
and safety of fungal-derived L-ASNases for therapeutic use.
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