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ABSTRACT

Fungi are promising sources of novel bioactive metabolites due to their abundant extracellular enzyme production,
easy extraction, and purification. This study aimed to investigate the capability of some plant-associated fungi to
produce L-asparaginase enzymes. Twenty plant-associated fungi were inoculated into a modified Czapex Dox broth
medium containing 10.0 g/L L-asparagine and 0.3 mL of 2.5% phenol red (pH 7), and maintained at 25 £ 2 °C, for 7
days. The L-asparaginase enzyme activity was evaluated by measuring the amount of free ammonia released through
the hydrolysis of L-asparagine through UV-visible spectrophotometry analysis at 450 nm. Seventy percent of the
studied fungi could produce the L-asparaginase enzyme. Trichoderma atroviride, Aspergillus flavus, and T.
harzianum demonstrated the highest production of L-asparaginase enzyme by 0.47, 0.35, and 0.24 U/mL,
respectively. Furthermore, Cladosporium cladosporioides, C. ramotenellum and Verticillium dahliae with 0.022,
0.009 and 0.015 U/mL, respectively, showed the lowest production of the L-asparaginase enzyme among the others.
This research also reports the first successful production of the L-asparaginase enzyme from Bipolaris oryzae,
Curvularia trifolii, T. atroviride, T. harzianum, and T. virens. Plant-associated fungi represent a promising resource
for the pharmaceutical industry due to their ability to produce bioactive compounds such as L-asparaginase. While
their use may contribute to more sustainable and potentially cost-effective production, successful large-scale
application depends on multiple factors beyond enzyme production, including cultivation feasibility, purification
processes, and regulatory considerations.
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INTRODUCTION

Microbial agents, including fungi, bacteria, and
viruses, are increasingly utilized in agriculture, food
production, and pharmaceuticals as eco-friendly
alternatives to chemical compounds (Singh et al. 2016).
Among these, the enzyme L-asparaginase, derived from
eukaryotic and prokaryotic organisms, has gained

prominence due to its ability to hydrolyze L-asparagine,
an amino acid essential for the growth of certain cells,
including cancer cells (Chand et al. 2020). In medicine,
L-asparaginase is critical for treating acute
lymphoblastic leukemia in children by depleting cancer
cells of asparagine, thereby inhibiting their proliferation
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(Van Trimpont et al. 2022). In the food industry, it
reduces acrylamide formation during high-temperature
cooking, lowering associated cancer risks (Van
Trimpont et al. 2022). Additionally, the enzyme shows
potential in Dbioremediation by breaking down
environmental pollutants (Darvishi et al. 2022). Current
research focuses on identifying novel sources of L-
asparaginase with enhanced activity and minimal side
effects to maximize its therapeutic and industrial
applications (Castro et al. 2021). Fungi have emerged as
a promising source of L-asparaginase due to their
capacity to produce abundant extracellular enzymes that
are easily extractable and purifiable (da Cunha et al.
2019). Due to their eukaryotic nature, fungal enzymes
may exhibit greater structural and functional similarity
to human enzymes, potentially enhancing their efficacy
in cancer treatment when compared to those derived
from prokaryotic microbial sources (Naser et al. 2020).
Plant-associated fungi, in particular, demonstrate
significant potential, with studies indicating that L-
asparaginase derived from these sources exhibits
superior activity and stability under diverse
environmental conditions (da Cunha et al. 2019, Naser
et al. 2020). Therefore, this study sought to
systematically evaluate the L-asparaginase production
potential of twenty plant-associated fungal species.

MATERIALS AND METHODS

Twenty plant-associated fungal isolates were
sourced from Gorgan University of Agricultural
Sciences and Natural Resources. These isolates were
obtained and identified in previous studies at Gorgan
University of Agricultural Sciences and Natural
Resources, and their information is given in Table 1.
These isolates were cultured on Potato Dextrose Agar
(PDA) medium (Merck 110130) at 25 + 2 °C for three
days under dark conditions to prepare them for
subsequent analyses. A rapid screening protocol by
Gulati et al. (1997), adapted with slight modifications
from Hatamzadeh et al. (2020) was employed to assess
L-asparaginase production. Fresh 5 mm mycelial plugs
were aseptically transferred to Modified Czapek Dox
(McDox) agar medium, composed of agar powder
(20.0 g/L), FeSO4-7H20 (0.001 g/L), glucose (2.0 g/L),
KH2PO4 (1.52 g/L), L-asparagine (10.0 g/L), KC1 (0.52
g/L), Cu(NOs)2-3H20 (0.001 g/L), MgSO4-7H-0 (0.52
g/L), ZnSO4-7H20 (0.001 g/L), and 0.3 mL of 2.5%
phenol red as an indicator in 1000 mL distilled water
(pH adjusted to 6.8 before autoclaving at 121°C for 15
minutes). Phenol red was added post-autoclaving
under sterile conditions. Control treatments involved
inoculating mycelial plugs onto Czapek Dox agar
medium lacking L-asparagine to confirm enzymatic
specificity. Mycelial plugs were placed centrally on
each plate, and all treatments were performed in
quintuplicate to ensure statistical validity. Plates were
incubated at 25 £ 2 °C for five days under dark
conditions. L-asparaginase-producing colonies were
identified by a distinct color change of the McDox

medium from yellow to pink, indicating a rise in pH
due to enzymatic activity.

Quantification of L-asparaginase activity was
performed using the Direct Nesslerization Method,
which determines the free ammonia released during the
hydrolysis of asparagine in each treatment (Imada et al.
1973). Fungal isolates exhibiting positive L-
asparaginase production were cultured in 200 mL
Erlenmeyer flasks containing McDox broth, inoculated
with 5 mm fungal mycelial plugs derived from potato
dextrose agar (PDA) medium. The cultures were
incubated at a controlled temperature of 25 £+ 2 °C with
agitation at 4 m/s? for 5 days using a shaker incubator
(Moxcare MCOS-UPAB). Following incubation, 100
mL of the crude enzyme broth was transferred to 2 mL
microcentrifuge tubes, containing a reaction mixture
composed of 200 mL of 0.04 M asparagine, 100 mL of
Tris-HCI buffer (pH 7), and 100 mL of sterile distilled
water. This mixture was incubated at 37 + 2 °C for 1
hour. To terminate the enzymatic reaction, 100 pL of
1.5 M trichloroacetic acid was added. Subsequently,
100 pL of the resultant mixture was combined with 750
pL of sterile distilled water and 300 pL of freshly
prepared Nessler's reagent (5 g KI, 2.2 g HgCl», and 16
g KOH dissolved in 100 mL of distilled water) (Imada
et al. 1973). The prepared tubes were incubated at 28
+ 2 °C for 20 minutes. Enzyme activity was measured
by assessing the absorbance at 450 nm using a UV-
visible spectrophotometer (Jenway 6315, UK). The
experiment was conducted in five replicates to ensure
statistical reliability. L-asparaginase activity was
expressed as the amount of enzyme required to
catalyze the production of 1 mmol of ammonia per
minute at 37 + 2 °C (Imada et al. 1973). To evaluate
the efficacy of individual plant-associated fungi in
producing L-asparaginase under in vitro conditions, a
completely randomized design (CRD) was
implemented. The data were analyzed using analysis of
variance (ANOVA) performed with SPSS statistical
software (version 21.0; SPSS Inc., Chicago, IL, USA).
Post-hoc comparisons of treatment means were
conducted using Duncan’s multiple range test at a
significance level of o = 0.05. Graphical
representations of the results were generated using
Microsoft Excel software (version 2210).

RESULTS

Fourteen fungal species (70%), including
Trichoderma harzianum, T. virens, T. atroviride,
Fusarium oxysporum, F. solani, F. proliferatum,
Bipolaris oryzae, Verticillium dahliae, C. trifolii,
Aspergillus flavus, Alternaria alternata, Cladosporium
ramotenellum, C. cladosporioides, and C. limoniforme
demonstrated the ability to produce the L-asparaginase
enzyme (Fig. 1). Conversely, six strains, namely
Botrytis cinerea, Sclerotinia sclerotiorum, Penicillium
digitatum, Nigrospora oryzae, Aspergillus niger, and
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Pyricularia oryzae, were unable to synthesize the
enzyme (Fig. 1).

Among the enzyme producers, 7. atroviride, A.
flavus, and T. harzianum exhibited the highest enzyme
activity levels, with 0.47, 0.35, and 0.24 U/mL,
respectively (Fig. 2). Statistical analysis using Duncan’s

multiple range test revealed significant differences
between these groups (Fig. 2). Among the
Cladosporium species, C. limoniforme demonstrated the
highest L-asparaginase production, with enzyme levels
2.89 and 7.07 times greater than those of C.
cladosporioides and C. ramotenellum, respectively (Fig.

Table 1. Plant-associated fungal isolates studied in the present research.

Species name *GAU voucher Reported potential Reference
number

Alternaria alternata GAUCC 016 MK- A root rot, stem cutting, stem decay, and death ~ (Sanei and Razavi 2012)
RSB6 agent of young olive trees

Aspergillus flavus GAUCC 014 MK- A destructive pathogen in storage of pistachio  (Sanei and Razavi 2018)
RSB28 fruits; producer of Aflatoxin B1

A. niger GAUCC 015 MK- A destructive pathogen in storage of pistachio  (Sanei and Razavi 2018)
RSB7 fruits; producer of Aflatoxin B1

Bipolaris oryzae GAUCC 007 ZLA21 A destructive pathogen in rice fields (Sanei et al. 2012)

Botrytis cinerea

GAUCC 010 MK-
RSB24

A root rot, stem cutting, stem decay, and death
agent of young olive trees

A destructive pathogen in poplar nurseries

Endophyte of yarrow plants; maize plant growth

Cladosporium GAUCC 019 pc4
cladosporioides
C. limoniforme GAUCC 020 Brl5
promoter
C. ramotenellum GAUCC 018 AMSS5

Curvularia trifolii

GAUCC 009 GBRO53

Endophyte of yarrow plants; maize plant growth
promoter
A destructive pathogen in rice fields

A destructive root rot and decay pathogen in

A destructive root rot pathogen in wheat and

A destructive root rot pathogen in wheat fields

A destructive pathogen in rice fields

A destructive decay pathogen in storage of

Fusarium oxysporum GAUCC 004 7391

garlic fields and storage
F. proliferatum GAUCC 005 pc91

maize fields
F. solani GAUCC 006 pcl3
Nigrospora oryzae GAUCC 013 SMAG39
Penicillium digitatum GAUCC 012 J2

sweet orange fruits
Pyricularia oryzae GAUCC 017 NFL70

Sclerotinia sclerotiorum

Trichoderma atroviride

T. harzianum

T. virens

Verticillium dahliae

GAUCC 011 NAO171

GAUCC 003 6022

GAUCC 001 Ah90

GAUCC 002 6011

GAUCC 008 BR09

A destructive pathogen in rice fields

A destructive pathogen (white rot) in rapeseed
fields

Part of the cucumber rhizosphere microbiome;
Bio-control agent of plant pathogenic fungi;
plant growth-promoting agent.

Part of the cucumber rhizosphere microbiome;
Bio-control agent of plant pathogenic fungi;
plant growth-promoting agent.

Part of the cucumber rhizosphere microbiome;
Bio-control agent of plant pathogenic fungi;
plant growth-promoting agent.

Endophyte of yarrow plants; maize plant growth

promoter

(Hatamzadeh et al. 2024, Sanei and
Razavi 2012)
(Akbari Oghaz et al. 2022)

(Akbari Oghaz et al. 2022, Hatamzadeh
et al. 2020, Hatamzadeh et al. 2023)
(Akbari Oghaz et al. 2022, Hatamzadeh
et al. 2020, Hatamzadeh et al. 2023)
(Sanei et al. 2012)

(Akbari Oghaz et al. 2021)

(Maghsoudlou et al. 2007, Noori et al.
2023)

(Maghsoudlou et al. 2007)

(Sanei et al. 2012)

(Hatamzadeh et al. 2024, Jahantigh et al.
2023)

(Sanei et al. 2012)

(Vakilizarj et al. 2013)

(Akbari Oghaz et al. 2024, Habibi et al.
2015, Habibi et al. 2018)

(Akbari Oghaz et al. 2024, Habibi et al.
2015, Habibi et al. 2018)

(Akbari Oghaz et al. 2024, Habibi et al.
2015, Habibi et al. 2018)

(Hatamzadeh et al. 2020, Hatamzadeh et
al. 2023)

*Culture Collection of Agricultural Microorganisms of the Gorgan University of Agricultural Science and Natural Resources
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Fig. 1. Preliminary evaluation of L-asparaginase enzyme production by various fungal species. (A) Trichoderma
harzianum, (B) Fusarium solani, © Cladosporium trifolii, (D) Nigrospora oryzae, (E) Pyricularia oryzae, (F) T. virens,
(G) Fusarium proliferatum, (H) Botrytis cinerea, (1) Aspergillus flavus, (J) Cladosporium ramotenellum, (K) T.
atroviride, (L) Bipolaris oryzae, (M) Sclerotinia sclerotiorum, (N) A. niger, (O) C. cladosporioides, (P) Fusarium
oxysporum, (Q) Verticillium dahliae, (R) Penicillium digitatum, (S) Alternaria alternata, (T) Cladosporium
limoniforme. The scale bar in the lower left corner of each panel represents 1 cm. Microorganisms that exhibit a red
color spectrum in their culture medium are indicative of L-asparaginase production capability.

2). In contrast, C. cladosporioides, C. ramotenellum,
and V. dahliae exhibited the lowest L-asparaginase
production, with enzyme activities of 0.022, 0.009, and
0.015 U/mL, respectively (Fig. 2). Statistical analysis
using Duncan's multiple range test showed no
significant difference in L-asparaginase production
among C. cladosporioides, V. dahliae, and C.
ramotenellum. However, a significant difference was
observed between C. limoniforme and the other
Cladosporium species (Fig. 2). Among the Fusarium
species, F. proliferatum exhibited significantly higher
L-asparaginase production, with levels 1.58 and 1.75
times greater than those of F. oxysporum and F. solani,
respectively (Fig. 2). The Duncan range test did not
reveal significant differences between F. oxysporum and
F. solani, while a significant difference was detected
between F. proliferatum and the other Fusarium species
(Fig. 2). For the Trichoderma species, all three exhibited

significant differences in L-asparaginase production
according to the Duncan range test (Fig. 2). T. atroviride
displayed the highest enzyme production, with levels
1.91 and 2.37 times higher than those of T. harzianum
and T. virens, respectively (Fig. 2). Among the fungal
pathogens of rice, both B. oryzae and C. trifolii were
successful in producing L-asparaginase. The Duncan
range test indicated no significant difference in enzyme
production between these two species (Fig. 2).

DISCUSSION

The findings of this study revealed that the majority
of plant-associated fungi possessed the capability to
produce L-asparaginase, although the overall enzyme
yield remained relatively low. B. oryzae and C. trifolii
were found to possess both qualitative and quantitative
abilities to produce the L-asparaginase enzyme. To the
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Fig. 2. Clustered column graph depicting the comparison of L-asparaginase production activity among plant-associated
fungi. The graph presents mean values derived from five replicate measurements, with statistical comparisons performed
using the Duncan Range Test (o = 0.05). Degrees of freedom (df) = 14. The F-value for the test was 125.578, and the P-
value was 0.0001, indicating significant differences in enzyme production across the fungal species tested.

best of our knowledge, this is the first report
documenting the capacity of these pathogenic fungi to
synthesize L-asparaginase. Additionally, A. alternata
was also found to produce the enzyme, contradicting a
recent study by Hatamzadeh et al. (2020), which
suggested that endophytic strains of 4. alternata were
incapable of enzyme production. The observed
differences between pathogenic strains and plant
endophytes may be attributed to genetic and structural
variations, as genome analysis is likely to reveal
significant distinctions (Mdller and Stukenbrock 2017).
C. trifolii, another rice pathogen examined in this study,
also demonstrated the ability to produce L-asparaginase,
yet no prior reports exist to support these findings.
Moreover, the study by Hatamzadeh et al. (2020)
explored the potential of the endophytic fungus V.
dahliae to produce L-asparaginase after 120 hours of
growth at 37 + 2°C, yielding 0.155 U/mL. In contrast,
our experiment involved a 72-hour incubation at 25 +
2°C to assess enzyme production under more accessible
environmental conditions, yielding 0.170 U/mL. This
discrepancy is likely due to differences in the applied
growth temperatures, as the optimal temperature for V.
dahliae growth is reported to be 25°C (Klosterman et al.
2009). In our study, the production of L-asparaginase in
C. ramotenellum and C. limoniforme was enhanced
compared to the results reported by Hatamzadeh et al.
(2020), who found enzyme production levels of 0.232
U/mL and 0.309 U/mL, respectively. The variability in
results can be attributed to differences in temperature
and growth duration. Additionally, C. cladosporioides,
a pathogenic species studied by Ali et al. (1993), was

also identified as an efficient producer of L-
asparaginase, corroborating our findings.

The findings of this study demonstrate that T.
harzianum, T. virens, and T. atroviride are capable of
producing the L-asparaginase enzyme. These species
were isolated from the rhizosphere of cucumber plants
(Akbari Oghaz et al. 2024, Habibi et al. 2015, 2018).
While no previous reports exist regarding the production
of L-asparaginase by these specific Trichoderma
species, similar studies on other members of the genus
support our observations. For example, 7. viride,
isolated from the sea bed, is a significant bio-producer
of L-asparaginase (Lincoln et al. 2015). Additionally, T.
asperellum has been identified as containing genes
associated with asparaginase production (Elsaba et al.
2022), and T. viride F2 has been documented as a
producer of L-asparaginase at pH 7.5 (Elshafei and El-
Ghonemy 2021). In this study, F. oxysporum, F. solani,
and F. proliferatum were also found to produce L-
asparaginase, aligning with existing literature that
recognizes Fusarium species as important sources for
enzyme production. F. oxysporum has long been
acknowledged for its L-asparaginase production
capabilities, with early studies by Nakahama et al.
(1973) examining various isolates of this species. More
recently, F. oxysporum F-S has been reported to exhibit
the highest production efficiency, especially at pH levels
greater than 7 (Abdel-Hamid et al. 2022). F.
proliferatum has also gained attention for its enzyme
production potential, with (Yap et al. 2021) highlighting
its capabilities, and (Hatamzadeh et al. 2020) reporting
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its highest L-asparaginase production (0.492 U/mL)
among tested fungi. Similarly, F. solani has been
recognized for its potential in L-asparaginase production
(El-Hadi et al. 2017), supporting the findings in this
study.

The pathogenic fungi A. flavus and A. niger are
known to be destructive agents, particularly in onions
and during the post-harvest storage of agricultural crops
(Baltussen et al. 2020). Our findings demonstrated that
A. flavus possesses the ability to produce the L-
asparaginase enzyme, whereas 4. niger did not exhibit
this capability. Despite the widespread use of
Aspergillus species in the pharmaceutical industry, there
is limited research on their potential for L-asparaginase
production. A study by Shuker (2019) examined various
filamentous fungi isolated from diseased fruits and
vegetables to assess their capacity for L-asparaginase
production. Among the isolates, 4. flavus was identified
as the most effective producer of the enzyme at a pH of
6.0, utilizing glucose as a carbon source, while 4. niger
also demonstrated notable enzyme production potential.
The discrepancy between our findings and those of
Shuker (2019), particularly the inability of A. niger to
produce L-asparaginase in our study, may be attributed
to differences in experimental conditions such as
variations in host and environmental factors, as well as
possible differences between fungal isolates or
limitations in species identification. Notably, Shuker
(2019) conducted his research in an acidic environment
with a pH of 6, while our study was performed under
neutral conditions. This variation in growth conditions
likely accounts for the observed differences in enzyme
production. Thus, the functional discrepancy between A4.
flavus and A. niger can be explained by environmental
and host-specific factors, suggesting that further
research is needed to optimize conditions for enzyme
production by these fungi.

CONCLUSION

This study aimed to investigate whether certain
plant-associated fungal species, previously unstudied
for L-asparaginase production, are capable of
synthesizing the enzyme. Although the activity levels
detected may not yet support industrial-scale
application, our primary objective was to establish the
baseline production potential of these fungi. The
findings expand current knowledge on the biosynthetic
capabilities of plant-associated fungi and suggest they
may represent a previously overlooked source of L-
asparaginase. This work lays a foundation for future
studies aimed at optimizing enzyme yield, elucidating
underlying genetic and biochemical pathways, and
evaluating potential applications in biotechnology and
medicine. Future research should focus on optimizing
cultivation  conditions, exploring genetic and
biochemical mechanisms, and assessing the enzyme's
clinical efficacy for broader pharmaceutical
applications.

ACKNOWLEDGMENT

This study was conducted as part of an intra-
academic research project at Gorgan University of
Agricultural Sciences and Natural Resources, under
the supervision of Prof. Dr. Kamran Rahnama. The
authors express their gratitude to Dr. Hassan
Vatandoost, Professor of Medical Entomology and
Vector Control at Tehran University of Medical
Sciences, for his invaluable scientific guidance and
contributions throughout the course of this research.

AUTHOR CONTRIBUTION

All authors contributed to the study conception and
design. Kamran Rahnama contributed to funding
acquisition,  project  administration,  resources,
supervision, writing, review, and editing. Sarch
Hatamzadeh  contributed to  conceptualization,
investigation, methodology, validation, visualization,
writing, review, and editing. Nima Akbari Oghaz
contributed to investigation, data curation, formal
analysis, software, validation, visualization, and writing
the original draft. All participating authors read,
commented, and approved previous versions of the
manuscript.

DATA AVAILABILITY
Raw data will be made available on request.

DECLARATION

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

FUNDING

This research received an academic research grant
from Gorgan University of Agricultural Sciences and
Natural Resources (Grant number: 9943040).

ETHICS APPROVAL

This article does not contain any studies with human
participants or animals performed by any of the authors.
All authors approved to participate in this research work
and in the manuscript.

REFERENCES

Abdel-Hamid NS, Abdel-Khalek HH, Ramadan E,
Mattar ZA, Abou-Taleb KA. 2022. Optimization
of L-asparaginase production from Fusarium
oxysporum f-s3 using irradiated pomegranate peel
under solid-state fermentation. Egyptian Journal
of Chemistry. 65(6): 381-397.
https://doi.org/10.21608/ejchem.2021.104129.48
17

Akbari Oghaz N, Hatamzadeh S, Rahnama K,
Moghaddam MK, Vaziee S ... et al. 2022.
Adjustment and quantification of UV-visible
spectrophotometry analysis: an accurate and rapid
method for estimating Cladosporium spp. spore



Rahnama et al.: Biological synthesis of L-asparaginase by Plant-associated fungi 65

concentration in a water suspension. World
Journal of Microbiology and Biotechnology.
38(10): 183. https://doi.org/10.1007/s11274-022-
03356-8

Akbari Oghaz N, Rahnama K, Habibi R. 2021. First
Report of Isolation and Identification of Fusarium
wilt and Root Rot of Garlic Fields from Sari Area.
Journal of Iranian Plant Protection Research.
35(2): 197-202.
https://doi.org/10.22067/jpp.2021.32779.0

Akbari Oghaz N, Rahnama K, Habibi R, Razavi S,
Farias A. 2024. Endophytic and rhizospheric
Trichoderma spp. associated with cucumber
plants as potential biocontrol agents of Fusarium
oxysporum f. sp. cucumerinum. Asian Journal of
Mycology. 7(1): 31-46.

Ali SS, Rai V, Soni K, Kulshrestha P, Lal SK. 1993.
Antineoplastic activity in L-asparaginase of
Cladosporium cladosporiodies. Indian Journal of
Clinical Biochemistry. 8(1): 68-70.
https://doi.org/10.1007/BF02867729

Baltussen TJ, Zoll J, Verweij PE, Melchers WJ. 2020.
Molecular mechanisms of conidial germination in
Aspergillus spp. Microbiology and Molecular
Biology Reviews. 84(1): e00049-19.
https://doi.org/10.1128/mmbr.00049

Castro D, Marques ASC, Almeida MR, de Paiva GB,
Bento HBS ... et al. 2021. L-asparaginase
production review: bioprocess design and
biochemical characteristics. Applied
microbiology and biotechnology. 105 4515-4534.
https://doi.org/10.1007/s00253-021-11359-y

Chand S, Mahajan RV, Prasad JP, Sahoo DK,
Mihooliya KN ... et al. 2020. A comprehensive
review on microbial l-asparaginase:
Bioprocessing, characterization, and industrial
applications.  Biotechnology and  applied
biochemistry. 67(4): 619-647.
https://doi.org/10.1002/bab.1888

da Cunha MC, dos Santos Aguilar JG, de Melo RR,
Nagamatsu ST, Ali F ... et al. 2019. Fungal L-
asparaginase: Strategies for production and food
applications. Food Research International. 126
108658.
https://doi.org/10.1016/j.foodres.2019.108658

Darvishi F, Jahanafrooz Z, Mokhtarzadeh A. 2022.
Microbial L-asparaginase as a promising enzyme
for treatment of various cancers. Applied
microbiology and biotechnology. 106(17): 5335-
5347. https://doi.org/10.1007/s00253-022-12086-
8

El-Hadi AA, El-Refai HA, Shafei MS, Zaki R,
Mostafa H. 2017. Statistical optimization of L-
asparaginase production by using Fusarium
solani. Egyptian Pharmaceutical Journal. 16(1):
16.

Elsaba YM, Salama WH, Soliman ERS. 2022. In
silico and biochemical analysis on a newly
isolated Trichoderma asperellum l-asparaginase.
Biocatalysis and Agricultural Biotechnology. 40

102309.
https://doi.org/10.1016/j.bcab.2022.102309

Elshafei A, El-Ghonemy DH. 2021. Extracellular
glutaminase-free L-asparaginase from
Trichoderma viride f2: Purification, biochemical
characterization and evaluation of its potential in
mitigating acrylamide formation in starchy fried
food. Journal of microbiology, biotechnology and
food sciences. 11(2): e4336-e4336.
https://doi.org/10.15414/jmbfs.4336

Gulati R, Saxena RK, Gupta R. 1997. A rapid plate
assay for screening L-asparaginase producing
micro-organisms. Letters in applied microbiology.
24(1):  23-26. https://doi.org/10.1046/j.1472-
765X.1997.00331.x

Habibi R, Rahnama K, Taghinasab M. 2015.
Evaluating the effectiveness of native
Trichoderma  species in  production  of
extracellular enzymes during interaction with
plant pathogenic fungus Fusarium oxysporum.
Journal of Applied Research in Plant Protection.
4(2): 73-85.

Habibi R, Rahnama K, Taghinasab M. 2018.
Investigation on the effect of different levels of
temperature and pH of some Trichoderma isolates
for biological control of tomato wilt disease under
laboratory and greenhouse conditions. Journal of
Iranian Plant Protection Research. 32(2): 199.

Hatamzadeh S, Akbari Oghaz N, Rahnama K, Noori
F. 2024. Comparison of the antifungal activity of
chlorine dioxide, peracetic acid and some
chemical fungicides in post-harvest management
of Penicillium digitatum and Botrytis cinerea
infecting sweet orange and strawberry fruits.
Agricultural Research. 13(1): 72-84.
https://doi.org/10.1007/s40003-023-00677-4

Hatamzadeh S, Rahnama K, Nasrollahnejad S,
Fotouhifar KB, Hemmati K ... et al. 2020.
Isolation and identification of L-asparaginase-
producing endophytic fungi from the Asteraceae
family plant species of Iran. Peer]. 8 e8309.
https://doi.org/10.7717/peerj.8309

Hatamzadeh S, Rahnama K, White JF, Akbari Oghaz
N, Nasrollahnejad S ... et al. 2023. Investigation
of some endophytic fungi from five medicinal
plants with growth promoting ability on maize
(Zea mays L.). Journal of Applied Microbiology.
134(1): 1xac015.
https://doi.org/10.1093/jambio/Ixac015

Imada A, Igarasi S, Nakahama K, Isono M. 1973.
Asparaginase and glutaminase activities of micro-
organisms.  Microbiology.  76(1):  85-99.
https://doi.org/10.1099/00221287-76-1-85

Jahantigh S, Akbari Oghaz N, Rahnama K,
Hatamzadeh ~S.  2023.  Application  of
Lactobacillus spp. for the biological management
of green mold (Penicillium digitatum) on sweet
orange fruit under in vitro and storehouse
conditions. Biocontrol Science and Technology.
33(6): 567-581.
https://doi.org/10.1080/09583157.2023.2208781



66

Mycologia Iranica — Vol. 12, 2025

Klosterman SJ, Atallah ZK, Vallad GE, Subbarao
KV. 2009. Diversity, pathogenicity, and
management of Verticillium species. Annual
review of  phytopathology. 47  39-62.
https://doi.org/10.1146/annurev-phyto-080508-
081748

Lincoln L, Niyonzima FN, More SS. 2015.
Purification and properties of a fungal L-
asparaginase from Trichoderma viride pers: SF
GREY. The Journal of Microbiology,
Biotechnology and Food Sciences. 4(4): 310-316.
10.15414/jmbfs.2014.4.4.310-316

Maghsoudlou R, Taheri AAH, Rahnama K. 2007.
Identification and pathogenicity of Fusarium spp.
Isolated from root and crown of wheat in Gorgan
area. Journal of Agricultural Sciences and natural
resources. 14(2): 175-189.

Moller M, Stukenbrock EH. 2017. Evolution and
genome architecture in fungal plant pathogens.
Nature Reviews Microbiology. 15(12): 756-771.
https://doi.org/10.1038/nrmicro.2017.76

Nakahama K, Imada A, Igarasi S, Tubaki K. 1973.
Formation of L-asparaginase by Fusarium
species. Microbiology. 75(2): 269-273.
https://doi.org/10.1099/00221287-75-2-269

Naser S, Saber W, El-Metwally M, Moustafa M, El-
Kott A. 2020. Fungal assembly of L-asparaginase
using solid-state fermentation: A review. Biocell.
44(2): 147-155.
http://dx.doi.org/10.32604/biocell.2020.09522

Noori F, Rahnama K, Mashayekhi K, Akbari Oghaz
N, Naeini SAM ... et al. 2023. Investigation of the
symbiotic relationship between Serendipita indica
and ZP684 hybrid cultivar of maize plant under a
combined condition of root rot disease (Fusarium
proliferatum) and drought stress. Biological
Control. 105282.
https://doi.org/10.1016/j.biocontrol.2023.105282

Sanei S, Razavi S. 2018. In vitro antifungal activities
of saffron (Crocus sativus L.) stigmas against
Aspergillus species and toxin production. Iranian
Journal of Medicinal and Aromatic Plants
Research. 34(1): 77-86.

Sanei SJ, Razavi SE. 2012. Survey of olive fungal
disease in north of Iran. Annual Review and
Research in Biology. 2(1): 27-36.

Sanei SJ, Razavi SE, Okhovvat SM. 2012. Rice
brown spot disease and indentification of the
causal agent fungi in Golestan province. Cereal
Research. 1(1): 65-74.

Shuker WH. 2019. Study the effect of some growth
factor on the production of L-Asparaginase
enzyme by fungal isolate Aspergillus flavus.
Journal of Global Pharma Technology. 11(5):
196-201.

Singh R, Kumar M, Mittal A, Mehta PK. 2016.
Microbial enzymes: industrial progress in 21st
century. 3 Biotech. 6 174.
https://doi.org/10.1007/s13205-016-0485-8

Vakilizarj Z, Rahnama K, Rahnema M. 2013. The
Comparative growth and determination of the
isolates reaction of Sclerotinia sclerotiorum on oil
seed rape cultivars. International Journal of
Agronomy and Plant Production. 4(5): 928-935.

Van Trimpont M, Peeters E, De Visser Y, Schalk AM,
Mondelaers V ... et al. 2022. Novel insights on the
use of L-asparaginase as an efficient and safe anti-
cancer  therapy.  Cancers. 14(4):  902.
https://doi.org/10.3390/cancers14040902

Yap LS, Lee WL, Ting ASY. 2021. Optimization of
L-asparaginase production from endophytic
Fusarium proliferatum using OFAT and RSM and
its cytotoxic evaluation. Journal of
Microbiological Methods. 191 106358.
https://doi.org/10.1016/j.mimet.2021.106358.org/
10.3897/mycokeys.108.128983.



Rahnama et al.: Biological synthesis of L-asparaginase by Plant-associated fungi 67

Lyl 30 BLS Coms jop SBZHB Lawgi jhg 5yl JI 03 3T oo 4l ygldiems 5 b 3!

PECERRY

B3 gl 5y Lo g 0015 pile o 5bw & Lesdy (4] ol

Q'Ji‘ ¢Qlf)f L;».Jo C'.’L;"’ 9 (5)')5&15 oKl ‘gs“LS u“.\.‘.]y ouSisls s‘_;.w}s oS 05;

oSy

Judcens; sloodnlie oy alis s lol ahar s gl Jslog ) slam sl adsi 0 Yl Ulss Lo & bag B8
Sl 25t 53l -l 3l addss 50 alS b canjon bz, (F i Uls g adlllas nl Ban s oo aSlid sur
S, 8 By 3l /Y mL g o5 Lsl- 1Y+ g/ g4l> Czapex Dox calszdol ale S lase jo o ) alas s ¢jglaie oy
Sladie 6 ,505lail b 51 5koslbewl= 1 oo 3T codled o 4sSSl YO £ Y °C (slod 4o 59, Y o 4 g zedls (PH = V) oo ,0 Y/0.
5 ad ) ¥ I g b 5 (a3 e (i 51 ool b o3l ) sl pes 51 Jols oatoljT Sisel
Trichoderma slag B 4555 do)l (Lo 10 00gs Lusllawl-Jl mu 3] adgs 4y ol w0 0550 slog,B 51 Vo7l as ols olis
ol 1y el aded lsae 5 3YL /YE U/mL ¢ /Y0 /¥ odei b o5 5 &y T. harzianum g Aspergillus flavus atroviride
g e [-YY L 5 5 & Verticillium dahlia 4 C. ramotenellum (Cladosporium cladosporioides slag B Jilas jo .2sls
Lo Sl T adst 51 g0 155 ot tinsty ol (et 303 s |y st lpse 58 oo /410 Ul
L Cosjop slog,B 0o oo &)1 1) T virens g T. harzianum T. atroviride Curvularia trifolii Bipolaris oryzae slaaisS
5 l8 o ol s e o5l olie e Slizshla -l e o | Jlabiens; S8 5 055 5 bl Lo ool
SllamMe 5 bar slaanT b weenS Sl Jols 5 039 3T adsi Byo 51 518 lalse gy pilins ginio uliie ;3 3350
Sybisn i (SilE

Gouls wlals

gy PS8l o6 ymg iy Slag B alS cudguil slag b alS i e slag B

nimaakbarioghaz@gmail.com ji¢4l 5 .51 L crahnama@gau.ac.ir ks, ) l5 008 45l
VEF YN sdas o Lasl g VPR YN iy g PRV oS5k s A FRAYA el s gl



