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Article 
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Abstract: This study aimed to isolate arginase-producing fungi from 24 soil samples collected from 

four Egyptian governorates, then to identify the most potent fungal isolate both morphologically and 

genetically via detecting ITS regions of 18S rRNA sequence. Optimal conditions for enzyme 

production and activity including incubation or reaction time, temperature, pH, carbon and nitrogen 

sources, additional elements, different amino acids, and EDTA were also investigated. Arginase was 

purified from concentrated clear culture filtrate with gel filtration using Sephadex G-50 column. 

Aspergillus niger AUMC16187 was identified as the most efficient arginase-producer among 68 fungal 

isolates isolated from 24 soil samples and screened for arginase production. Maximum arginase 

production was achieved at 7th day of incubation, 27°C, and pH 7, using 1% dextrose and 2% 

ammonium chloride as carbon and nitrogen sources, respectively, 0.2% magnesium chloride as 

additional element, and 0.15% glutamine. SDS-PAGE analysis of purified arginase showed two bands 

at molecular weights of approximately 127 and 70 kDa. Purified arginase displayed maximum 

activity at 40°C, pH 7, after reaction time of 10 and 15 min, and was most stable at 30-50°C. All EDTA 

concentrations completely inhibited enzyme activity revealing that it is a metalloenzyme. The 

enzyme demonstrated significant cytotoxic effects against human melanoma cells (A431), indicating 

its potential as an anticancer agent. 

Keywords: arginase; 18S rRNA; fungal enzymes; carbon and nitrogen sources; additional elements; 

amino acids; gel filtration 

 

1. Introduction 

A wide variety of microbes, including fungi, yeasts, and bacteria can produce therapeutic 

enzymes like arginase, asparaginase, and glutaminase [1–4]. Enzymes are currently being employed 

and researched for a variety of pathologies, including cancer and cardiovascular disorders, in 

addition to the therapy of metabolic deficits [5,6]. Even though the enzymes used in the clinical trials 

originated from bacteria. It was believed that eukaryotic enzymes would be more suitable for human 

therapy than bacterial ones [7]. 

Arginase, also known as arginine amidinohydrolase (EC.3.5.3.1), is a manganese metalloenzyme 

in the urea cycle that converts arginine into urea and ornithine. It is present in all five kingdoms of 

organisms, believed to originate in bacteria, and found in plants, yeasts, invertebrates, and 

vertebrates [8]. There are a few reports on arginase production from fungi, including Neurospora crassa 

[9], Agaricus bisporus [10], Aspergillus nidulans [11], Aspergillus niger [12], Aspergillus versicolor [13], and 
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Penicillium chrysogenum KJ185377.1 [7]. Neurospora crassa expresses two forms of arginase [9,14]. 

Arginase in Agaricus bisporus causes urea accumulation in its fruit bodies [10]. 

Initially classified as a non-essential amino acid, arginine plays roles in antibacterial and 

anticancer activity, immunity, hormone release, and wound healing [15]. Medically, arginase is used 

in treating cancer, rheumatoid arthritis, neurological disorders, and asthma. Arginase deficiency 

causes hyperargininemia, a genetic disorder of the urea cycle [16]. 

It is interesting to conclude that arginase has served as an "accomplice" molecule in a number of 

cancers, such as digestive system cancer (including colorectal cancer [17], and liver cancer [18,19]), 

prostate cancer [20], central and peripheral nervous system (including glioblastomas [21]), endocrine 

and neuroendocrine system cancer (including thyroid cancer [22], neuroblastoma [23], melanoma 

[24], head and neck squamous cell carcinomas (HNSCC) [25]), lung cancer [26], breast cancer [27,28], 

and acute myeloid leukemia (AML) [29], promoting tumor growth or metastasis in several ways. 

Therefore, by inhibiting arginase activity or expression, arginase is a powerful target for the treatment 

of several types of cancer [30–33]. 

In contrast to the above-mentioned approach, arginine also significantly regulates T cells and 

nutritional metabolism, thus it may lower the risk of cancer. The role of arginine in carcinogenesis 

has recently gained more attention due to its stimulation of the growth of cancerous tissue cells [34]. 

Arginine pathway activation and availability of arginine have important effects on the 

microenvironments of cancer. Particularly, immunosuppression, initiation and development of 

tumors, adhesion and differentiation of tumor cells, and angiogenesis may all be affected by NO and 

polyamines, which are only produced from arginine. Furthermore, clinical trials using arginine 

depletion in cancer therapy have shown promising results [34]. 

The present work aimed to isolate arginase-producing fungi from 24 soil samples collected from 

four Egyptian governorates, then to identify the most potent fungal isolate both morphologically and 

genetically. The physical and chemical conditions for enzyme production and activity were also 

optimized. Additionally, the produced enzyme was purified and assayed for its in vitro properties 

as an anticancer agent against tumor cell line. 

2. Materials and Methods 

2.1. Collection of Soil Samples 

In sterile containers, several soil samples were taken from the surface and at a depth of 10 to 20 

cm at various sites in the Egyptian governorates of Alexandria, Al-Gharbia, Asyut, and Suhag. All 

samples were brought to the lab, either for immediate use or to be preserved at 4 °C until needed. 

2.2. Isolation and Identification of Fungi 

All collected soil samples were serially diluted. On modified Czapek Dox's agar [35], aliquots of 

the suspension containing 0.1 ml were equally distributed. The plates were incubated for 5-7 days at 

28±2°C. By repeatedly sub-culturing, produced fungal colonies were separated and purified. The 

morphology of fungal colonies was investigated, along with microscopic features, and further 

screening was performed. 

2.3. Maintenance of Fungal Cultures 

Single colonies were grown on potato dextrose agar (PDA) slants supplemented with 0.01% l-

arginine, stored at 4°C under sterilized paraffin oil, and sub-cultured annually [36]. Working culture 

was sub-cultured every other month and stored at 4°C without the addition of mineral oil [37]. 

2.4. Qualitative Screening of Arginase-Producing Fungi 

Using the rapid plate assay, sixty-eight fungal isolates were properly examined for their ability 

to produce arginase. L-arginine served as the sole source of nitrogen in the Czapek Dox minimal agar 

medium. The synthesis of enzyme was determined by the chromogenic shift from pink to yellow on 

the agar plates. As a pH indicator, phenol red (2.5g in 100 ml ethanol) was utilized. The medium 
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comprised L-arginine (1% w/v), glucose (1% w/v), KCl (0.05% w/v), MgSO4.7H2O (0.05% w/v), 

KH2PO4 (0.1% w/v), FeSO4.7H2O (0.01% w/v), and 22g/L agar-agar at a pH of 7.4. Following 

inoculation, the plates were incubated for 5-7 days at 28±2°C [2,38]. The colonies with the most 

chromogenic zones were chosen and kept on the agar slants at 4°C. 

2.5. Arginase Assay 

The ninhydrin test was used to assess the arginase activity spectrophotometrically based on the 

released ornithine as formerly described [39] with minimal modification. Briefly, the procedure 

involves 500 µL of L-arginine (100 mM) in potassium phosphate buffer (pH 7.0) with 1 mM 

manganese chloride (MnCl2) and 500 µL of crude enzyme. After incubating the reaction mixture for 

10 min at 40°C, 100 µl of 10% trichloroacetic acid (TCA) was added as a reaction stopper, followed 

by 25 µl of ninhydrin reagent. After boiling for 5 min, the liquid was centrifuged to remove 

precipitated proteins, and the produced color was assessed at 575 nm as previously described [40]. 

Based on authentic L-ornithine, one unit of arginase was defined as the quantity of enzyme that 

released one micromole of L-ornithine during a standard assay. The specific activity of arginase 

(U/mg protein) was calculated using the following formula: Arginase activity (U/mL)/protein content 

(mg/mL). 

Bovine serum albumin (BSA) was used as the standard to quantify the enzyme protein 

concentration using Folin's reagent [41]. The protein concentration was indicated as mg of protein 

per ml of sample utilized. 

2.6. Molecular Identification of the Hyperactive Producer Strain by ITS Analysis 

The fungal isolate was cultured on Czapek’s yeast extract agar (CYA) medium and incubated at 

28°C for 5 days [35]. DNA extraction was performed at the Molecular Biology Research Unit, Assiut 

University using Patho-gene-spin DNA/RNA extraction kit (Intron Biotechnology Company, Korea). 

PCR and sequencing were done by SolGent Company (Daejeon, South Korea). The ITS regions of 18S 

rRNA sequence were amplified using the universal primers ITS1 (forward) and ITS4 (reverse) which 

were incorporated in the PCR reaction mixture. Primers have the following sequence: ITS1 (5' - 

TCCGTAGGTGAA CCTGCGG - 3'), and ITS4 (5'- TCCTCCGCTTATTGATATGC -3'). The purified 

PCR product was sequenced with the same primers [42]. 

The obtained sequences were analyzed using Basic Local Alignment Search Tool (BLAST, 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC

=blasthome) from the National Center of Biotechnology Information (NCBI, www.ncbi.nlm.nih.gov) 

website. Analysis of sequences and establishment of phylogenetic trees were done using MegAlign 

(DNA Star) software version 5.05. 

2.7. Optimization of Arginase Productivity 

The initial optimization stage was to determine whether characteristics of a modified Czapek 

Dox medium have a significant effect on the synthesis of arginase by Aspergillus niger AUMC16187. 

2.7.1. Screening of Arginase Production Under Submerged Fermentation, Static and Shaking 

Incubation Conditions 

For arginase synthesis at varied time intervals (3, 5, 7, 9, 11, and 13 days), Aspergillus niger 

AUMC16187 was cultivated in modified Czapek Dox's broth media under shaking (120 rpm) and 

static incubation. Arginase activity was evaluated at each time interval. 

2.7.2. Effect of Different Temperatures on Arginase Production 

Aspergillus niger AUMC16187 was grown in modified Czapek Dox's broth media with shaking 

incubation at 120 rpm at various incubation temperatures ranging from 4 to 47°C to determine the 

effect of incubation temperature on arginase production. At each temperature, arginase activity was 

assessed. 
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2.7.3. Effect of Initial pH Values on Arginase Production 

Modified Czapek Dox's broth media were initially adjusted to a range of pH values (2, 3, 4, 5, 6, 

7, 8, 9, 10, 11, and 12) using 0.1 M of NaOH or HCl. The optimum initial pH for producing arginase 

by Aspergillus niger AUMC16187 was determined and used in subsequent tests. 

2.7.4. Effect of Different Carbon Sources on Arginase Production 

It was investigated what would happen if different carbon sources were added separately at 1% 

w/v in a modified Czapek Dox's broth medium. These carbon sources include xylose, dextrose, 

fructose, glucose, sorbitol, lactose, sucrose, raffinose, cellulose, apple pectin, and starch. In the 

subsequent studies, Aspergillus niger AUMC16187 was grown on the optimal carbon source that 

stimulated maximum enzyme production. 

The ability of Aspergillus niger AUMC16187 to increase the production of arginase at different 

concentrations of the best carbon source (0.25, 0.5, 1, 1.5, 2, and 2.5% w/v) was also studied. 

2.7.5. Effect of Different Nitrogen Sources on Arginase Production 

The ability of approximately 11 organic and inorganic nitrogen sources to promote the 

development of enzyme was investigated. The final concentration of nitrogen in the medium, 

expressed as N-base, remained unaltered despite their separate additions to the modified Czapek 

Dox's broth medium. L-arginine, beef extract, peptone, urea, and yeast extract were the sources of 

organic nitrogen, whereas ammonium chloride, ammonium nitrate, ammonium sulphate, calcium 

nitrate, sodium nitrate, and sodium nitrite were the sources of inorganic nitrogen. The best nitrogen 

source for stimulating the maximum level of arginase production by A. niger AUMC16187 were 

determined by this investigation. The following investigations made use of the best nitrogen source. 

The ability of Aspergillus niger AUMC16187 to improve arginase production was determined at 

different concentrations of the best nitrogen source (0.25, 0.5, 1, 1.5, 2, and 2.5% w/v). 

2.7.6. Effect of Different Additional Elements on Arginase Production 

Barium chloride, calcium chloride, cobalt chloride, di-potassium hydrogen phosphate, 

magnesium chloride, potassium di-hydrogen phosphate, and sodium chloride were added 

separately at 0.1% concentration to the modified Czapek Dox's broth media to investigate their effect 

on arginase production by Aspergillus niger AUMC16187. The following experiments used an element 

that stimulates the highest levels of enzyme synthesis. 

A. niger AUMC16187 was examined for its capacity to increase arginase synthesisat different 

concentrations of the most suitable additional element (0.025, 0.05, 0.1, 0.15, 0.2, and 0.25% w/v). 

2.7.7. Effect of Different Amino Acids on Arginase Production 

At a concentration of 0.1% in a modified Czapek Dox's broth medium, and along with the 

substrate, thirteen amino acids were tested, including alanine, arginine, aspartic acid, glutamic acid, 

glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, proline, and serine for arginase 

production by Aspergillus niger AUMC16187. 

Aspergillus niger AUMC16187 was examined for its capacity to improve arginase production at 

different concentrations of the most appropriate amino acid (0.025, 0.05, 0.1, 0.15, 0.2, and 0.25% w/v). 

2.8. Purification of Arginase 

After fermentation periods at determined optimum physical and chemical parameters, crude 

arginase was obtained. The clear culture filtrate was collected by centrifugation at 4000 rpm for 10 

min. Arginase was concentrated using Amicon® ultra centrifugal filter, 10 kDa molecular weight cut-

off (MWCO), followed by purification using gel filtration on Sephadex G-50 column equilibrated with 

0.1 M potassium phosphate buffer . Each purification step was performed at 4°C [43]. The active 

fractions were then dialyzed. 
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2.9. SDS-PAGE Analysis of Purified Arginase 

Purified arginase was mixed with sample buffer and heated at 100°C for 10 min, then loaded on 

12% SDS-PAGE [44]. 

2.10. Determination of Protein Content 

By BSA as a standard, Folin's reagent was used to assess the protein concentration of purified 

enzyme spectrophotometrically at 550 nm [41]. 

2.11. Characterization of Purified Arginase Activity 

2.11.1. Optimum Reaction Time of Purified Arginase 

The optimum reaction time of the purified arginase was determined at different time intervals 

(5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 min) and then assayed [39]. 

2.11.2. Effect of pH and pH Stability on the Activity of Purified Arginase 

By assaying the activity of purified arginase using 0.1 M of different buffer solutions at several 

pH values as follows: citrate buffer (pH 2, 3, 4, and 5), potassium phosphate buffer (pH 6-7), Tris-HCl 

buffer (pH 8-9), and glycine-NaOH buffer (pH 10, 11, and 12), the optimum pH level was determined. 

Purified arginase was incubated at different pH values (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12) overnight 

to determine pH stability. Enzyme activity was then measured [39].  

2.11.3. Effect of Temperature and Thermos-Stability on the Activity of Purified Arginase 

In order to determine the optimum temperature, the activity of purified arginase was measured 

using 100 mM potassium phosphate buffer (pH 7) at different temperatures (10, 20, 30, 40, 50, 60, 70, 

80, 90, and 100 ºC). The purified enzyme was incubated at different temperatures (10, 20, 30, 40, 50, 

60, 70, 80, 90, and 100 ºC) overnight in order to evaluate the thermal stability of arginase. The activity 

of arginase was then determined in all conditions [39]. 

2.11.4. Effect of Substrate Concentration on the Activity of Purified Arginase 

In the reaction mixture, different concentrations of L-arginine were incubated separately with 

purified arginase. Arginine concentrations were 25, 50, 75, 100, 125, and 100 mM to determine the 

optimal substrate concentration for the enzyme assay under the optimized assay conditions. The 

main concentration of arginase in the reaction mixture was determined at 0.1 M of L-arginine. 

2.11.5. Effect of Different Metallic Cations on the Activity of Purified Arginase 

Different metal cations, such as barium, calcium, cobalt, copper, magnesium, manganese and 

nikal, at a concentration of 1.0 mM were separately incubated with the enzyme to study the effect of 

these chemicals on purified arginase. The assayed residual activities were compared to the control 

(which was defined as 100% activity in the absence of any additives) for each chemical included. 

2.11.6. Effect of Different Concentrations of EDTA on the Activity of Purified Arginase 

EDTA at different concentrations of 0.2, 0.4, 0.6, 0.8 and 1 M was individually incubated with 

the purified arginase to study the effect of this chemical on enzyme. For each concentration of EDTA 

included, the residual activity measured was compared to the control (without additives). 

2.11.7. Effect of Enzyme Concentration on the Activity of Purified Arginase 

The best concentration of substrate solution in the reaction mixture was individually incubated 

with different concentrations of purified arginase (0.019, 0.048, 0.095, 0.19, 0.285, and 0.39 mg) to 

determine the best enzyme concentration under optimal assay conditions. 

2.12. In Vitro Anticancer Assay of Arginase 
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2.12.1. Cell Culture 

From Nawah Scientific Inc., (Mokatam, Cairo, Egypt), human melanoma A431 (skin/epidermis) 

and human skin fibroblast (HSF) cells were obtained. The cells were kept in Dulbecco's Modified 

Eagle's medium (DMEM) provided with 10% heat-inactivated fetal bovine serum (FBS), 100 mg/ml 

streptomycin, and 100 U/ml penicillin in a humidified atmosphere of 5% (v/v) CO2 at 37°C [45,46]. 

2.12.2. Cytotoxicity Assay 

Viability of cells was measured using the assay of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT). About 100 µl of the cell suspension aliquot (5x103) was seeded 

into 96-well plates, and the cells were cultured in complete medium at 37 °C for 24 h with 5% CO2. 

Another 100 µl aliquot of medium containing the enzyme at different concentrations was added to 

treat the cells. After an enzyme exposure time of 48 h, the medium was discarded, and 20 µl of 1 

mg/ml stock MTT solution was mixed with 100 µl of PBS in each well. The mixture was then 

incubated for 4 h at 37 °C. Next, 100 µl of absolute DMSO was used to dissolve the formed formazan 

crystals. Formazan solutions' (purple product) absorbance was determined at λmax 570 nm using a 

multi-well plate reader (BMGLABTECH® FLUOstar Omega, Germany) [45,46]. 

2.12.3. Detection of the Apoptotic Effect of Arginase on Tested Human Cancer Cells Using a Flow 

Cytometry Assay 

Apoptosis and necrosis cell populations are determined using the Annexin V-FITC apoptosis 

detection kit (Abcam Inc., Cambridge Science Park, Cambridge, UK) coupled with flow cytometry 

using two fluorescent channels. After treatment with test enzyme (purified arginase at concentration 

of 660 µg/ml) for 24 h, 105 cells were collected by trypsinization and washed twice with ice-cold PBS 

(pH 7.4). Cells were then incubated in the dark with 0.5 ml of Annexin V-FITC/PI solution for 30 min 

at room temperature, according to the manufacturer's protocol. After staining, cells were injected 

using an ACEA Novocyte™ flow cytometer (ACEA Biosciences Inc., San Diego, CA, USA) and 

analyzed for FITC and PI fluorescent signals using FL1 and FL2 signal detectors, respectively (λex/em 

488/530 nm for FITC and λex/em 535/617 nm for PI). For each sample, 12,000 events were acquired, 

and positive FITC and/or PI cells were quantified by quadrant analysis and calculated using ACEA 

NovoExpress™ software (ACEA Biosciences Inc., San Diego, CA, USA) [47–50]. 

3. Results 

3.1. Collection of Soil Samples, Isolation and Identification of Arginase-Producing Fungi 

68 fungal isolates were isolated from 24 soil samples and characterized. Figure S1 describes 

colonies of Aspergillus niger AUMC16187 (the most potent fungal isolate for arginase production 

among 68 obtained isolates) isolated from sandy soil at Al-Gharbia Governorate in Egypt after 

growth on CYA and PDA at 28±2°C. Meanwhile, their microscopic images are shown in Figure 1. 

Figure 1. Light microscopic images at different magnifications showing A. niger AUMC16187. (a) A. niger 

AUMC16187 at 100 X; (b) A. niger AUMC16187 at 400 X; (c) A. niger AUMC16187 at 1000 X. 

3.2. Qualitative Screening of Arginase-Producing Fungi 

Qualitative screening of fungal isolates on Czapek Dox minimal agar medium with minor 

modifications showed their arginase activity. L-Arginine was used as the sole nitrogen source in the 

medium, with phenol red as an indicator that turned from pink to a yellow zone around the colonies 

due to low pH as a positive result (Figure 2). Sixteen fungal strains out of 68 isolates showed yellow 

zones around the colonies; these strains were screened quantitatively for the most potent isolate for 

arginase production under submerged fermentation. 

Figure 2. Arginase activity assay for A. niger AUMC16187 on Czapek-Dox minimal agar plates using arginine as 

the sole nitrogen source. (a) negative control; (b) A. niger AUMC16187 after 3 days; (c) A. niger AUMC16187 after 
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5 days. The yellow zone around the fungal colonies indicates arginase production, while a pink color indicates 

a negative result. 

3.3. Quantitative Screening of Arginase Producing Fungi 

Sixteen fungal isolates were selected based on their ability to produce arginase under constant 

conditions. These isolates were quantitatively screened for arginase production over 7 days of 

shaking incubation. HOS. 1 (Aspergillus niger AUMC16187) was the most potent arginase producer, 

showing activities of 0.43 U/ml and 1.94 U/mg. This fungal isolate that showed the highest arginase 

activity was selected for further studies. Based on morphology, microscopic, and molecular 

identification, HOS. 1 was identified as Aspergillus niger AUMC16187 (Figures S1, 1 and 3). 

Figure 3. Phylogenetic tree based on ITS sequence of rDNA of Aspergillus niger AUMC16187 (arrowed) aligned 

with closely related strains in the GenBank. This strain showed 99.13% - 100% identity and 96% - 100% coverage 

with several strains of the same species including the type material A. niger ATCC16888 (gb: AY373852). 

Penicillium chrysogenum represents an outgroup strain. P. = Penicillium, A. = Aspergillus. 

3.4. Molecular Identification of the Hyperactive Producer Strain by ITS Analysis 

ITS sequence of HOS. 1 (Aspergillus niger AUMC16187) was as follows: 

CGGAAGGATCATTACCGAGTGCGGGTCCTTTGGGCCCAACCTCCCATCCGTGTCTATTG

TACCCTGTTGCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGGGGGGGCGCCTCTGCCCCCCG

GGCCCGTGCCCGCCGGAGACCCCAACACGAACACTGTCTGAAAGCGTGCAGTCTGAGTTG

ATTGAATGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGA

ACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGA

ACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTC

AAGCCCGGCTTGTGTGTTGGGTCGCCGTCCCCCTCTCCGGGGGGACGGGCCCGAAAGGCAG

CGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACATGCTCTGTAGGATTGGC

CGGCGCCTGCCGACGTTTTCCAACCATTCTTTCCAGGTTGACCTCGGATCAGGTAGGGATAC

CCGCTGAACTTAAGCATATCAATAAGCCGGAG 

3.5. Optimization of Arginase Productivity 

3.5.1. Screening of the Most Potent Fungal Isolates for Arginase Production Under Submerged 

Fermentation, Static and Shaking Incubation Conditions 

The best incubation period for Aspergillus niger AUMC16187 to produce more arginase was 

evaluated. Arginase production was also examined under static and shaking incubation conditions. 

The results showed that arginase production increased with increasing incubation time till the 7th 

day. On the other hand, static incubation conditions resulted in very poor productivity compared to 

the production under shaking conditions, so we chose shaking conditions for enzyme production. 

The maximum specific arginase activity under shaking conditions [6.8 U/mg] was observed on 

the 7th day [168 h] of incubation, and then the arginase level gradually decreased to 0.63 U/mg after 

13 days (Table 1). Therefore, we chose the optimal incubation period under shaking conditions for 

the production of arginase after 7 days. 

Table 1. Screening of the most potent fungal isolate (Aspergillus niger AUMC16187) for arginase production 

under shaking incubation conditions. 

Time 

Arginase 

absorbance 

(mean±SD) 

Arginase activity 

(U/ml/min) 

Arginase 

specific activity 

(U/mg) 

Protein 

content 

(mg/ml) 

72 hours 1.15±0.008 0.75 4.14 0.18 
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120 hours 1.41±0.003 0.92 3.52 0.26 

168 hours 2.3±0.005 1.5 6.8 0.22 

216 hours 1.88±0.02 1.22 3.06 0.4 

264 hours 0.35±0.008 0.22 0.93 0.24 

312 hours 0.21±0.029 0.13 0.63 0.21 

3.5.2. Effect of Different Temperatures and Initial pH Values on Arginase Production 

For seven days, Aspergillus niger AUMC16187 was incubated under shaking incubation 

conditions at different temperatures (4, 17, 27, 37, and 47 °C) and pH values (2-12) in order to 

determine the optimum temperature and pH for arginase production. According to the data in Table 

2, the maximum arginase production levels (3.43 U/mg) were achieved by shaking incubation for 7 

days at 27°C, while pH 7 achieved 3.27 U/mg under the same conditions (Figure 4). The levels of 

arginase decreased gradually with increasing temperatures and pH values. 

Figure 4. Effect of different pH values on arginase production. 

Table 2. Effect of different temperature values on arginase production. 

Temperature 

Arginase 

Abs 

(mean±SD) 

Arginase 

activity 

(U/ml/min) 

Arginase 

specific 

activity 

(U/mg) 

Protein content 

(mg/ml) 

4 °C 0.12±0.005 0.07 0.08 0.93 

17 °C 0.85±0.002 0.55 2.75 0.2 

27 °C 2.11±0.003 1.37 3.43 0.4 

37 °C 0.49±0.027 0.31 2.86 0.11 

47 °C 0.29±0.023 0.18 0.77 0.24 

3.5.3. Effect of Different Carbon Sources on Arginase Production 

Aspergillus niger AUMC16187 was grown in modified Czapek Dox broth medium supplemented 

with different individually added carbon sources, including xylose, dextrose, fructose, glucose, 

sorbitol, lactose, sucrose, raffinose, cellulose, apple pectin, and starch for arginase production. In 

contrast to the results of other carbon sources, dextrose was found to be the optimal carbon source 

for arginase production (5.56 U/mg) as demonstrated in Figure 5. Aspergillus niger AUMC16187 can 

produce arginase without a carbon source, even at a small level, as shown by the lower arginase 

production activity of the control (0.76 U/mg), i.e. in this case arginine was used as a carbon and 

nitrogen source. 

Figure 5. Effect of different carbon sources on arginase production. 

3.5.4. Effect of Concentration of the Best Carbon Source on Arginase Production 

The results in Table S1 illustrated the effect of different concentrations of dextrose (0.25, 0.5, 1, 

1.5, 2, and 2.5% w/v) as the best carbon source for arginase production by Aspergillus niger 

AUMC16187. The maximum arginase level (6.28 U/mg) was obtained using 1% dextrose, which 

subsequently decreased to 0.82 U/mg at 2.5% concentration. As a result, the sole carbon source for 

the production of arginase was dextrose at 1% w/v concentration. 
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3.5.5. Effect of Different Nitrogen Sources on Arginase Production 

In order to produce arginase from Aspergillus niger AUMC16187 strain, we used different 

nitrogen sources, including organic and inorganic sources. The arginase results in Figure 6 showed 

that ammonium chloride was the best nitrogen source (enzyme specific activity of 40.36 U/mg) for 

Aspergillus niger strain AUMC16187 to produce arginase in contrast to other nitrogen sources. 

Interestingly, the control sample showed activity of 3.07 U/mg for arginase. Therefore, this result 

verified that this strain can produce arginase in the absence of L-arginine (without substrate). 

Figure 6. Effect of different nitrogen sources on arginase production. 

3.5.6. Effect of Concentration of the Best Nitrogen Source on Arginase Production 

The best nitrogen source at different individually added concentrations (0.25, 0.5, 1, 1.5, 2, and 

2.5% w/v) was used to determine the most suitable concentration for arginase production by 

Aspergillus niger AUMC16187. From the data shown in Table S2, we recorded that the best nitrogen 

source, ammonium chloride, for maximum arginase production (9.99 U/mg), was at a concentration 

of 2% and subsequently decreased to 2.95 U/mg at 2.5%. 

3.5.7. Effect of Different Additional Elements on Arginase Production 

Barium, calcium, cobalt, magnesium, and sodium chlorides, as well as di-potassium hydrogen 

phosphate and potassium di-hydrogen phosphate, were each added separately at a 0.1% 

concentration to the modified Czapek Dox's broth media. This was done to determine their effect on 

arginase production by Aspergillus niger AUMC16187. Among all the mineral supplements added to 

the medium, even the results of the control sample (without additional elements), magnesium 

chloride showed the highest production of arginase, 6.22 U/mg (Figure 7). 

Figure 7. Effect of different additional elements on arginase production. 

3.5.8. Effect of Different Concentrations of the Most Suitable Additional Element on Arginase 

Production 

Strain of Aspergillus niger AUMC16187 was examined for their capacity to increase arginase 

production at different concentrations of the most suitable additional element (0.025, 0.05, 0.1, 0.15, 

0.2, and 0.25% w/v). The results in Figure S2 illustrated that the maximum productivity (8.83 U/mg) 

of Aspergillus niger AUMC16187 for arginase was at 0.2% with the most suitable additive, magnesium 

chloride. 

3.5.9. Effect of Different Amino Acids on Arginase Production 

At a concentration of 0.1% in a modified Czapek Dox's broth medium, and along with the 

substrate, thirteen amino acids were tested for arginase production. The results in Figure 8 showed 

that among all other amino acids and the control sample, glutamine was the most favorable for 

arginase production (8.51 U/mg) by Aspergillus niger AUMC16187. 

Figure 8. Effect of different amino acids on arginase production. 

3.5.10. Effect of Different Concentrations of the Most Suitable Amino Acid on Arginase Production 

Different concentrations of glutamine (0.025, 0.05, 0.1, 0.15, 0.2, and 0.25% w/v) were added 

separately to the culture medium to determine the optimum levels of arginase production. The 

addition of 0.15% glutamine separately in the medium is most suitable for the production of arginase 

(2.97 U/mg) as shown in Figure S3 by Aspergillus niger AUMC16187. Subsequently, at 0.25%, arginase 

production decreased to 2.23 U/mg. 

3.6. Purification of Arginase 
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Arginase was concentrated, then purified using gel filtration with a Sephadex G-50 column. 

Table 3 showed the results of purification steps of arginase produced from Aspergillus niger 

AUMC16187. Protein concentration and specific activity of purified enzyme are showed in Table 4. 

Table 3. Scheme of arginase purification from Aspergillus niger AUMC16187 culture filtrate. 

Purification 

stage 

Total 

volum

e (ml) 

Protein 

content 

(mg/ml

) 

Activit

y 

(U/ml) 

Total 

protei

n (mg) 

Total 

activit

y (U) 

Specifi

c 

activity 

(U/mg) 

Yiel

d 

(%) 

Fold 

purificatio

n 

Crude arginase 

after 

concentration 

step 

300 0.29 0.7 87 210 2.5 100 1 

Gel filtration 

using 

sephadex G 50-

150 column 

chromatograph

y 

190 0.39 1.69 74.1 321.1 4.33 79.33 1.73 

Table 4. Protein concentration and specific activity of purified enzyme. 

Purified enzyme 
Protein concentration  

(mg/ml) 

Specific activity  

(U/mg) 

Crude arginase 0.29 2.5 

Purified arginase 0.39 4.33 

3.7. SDS-PAGE Analysis of Purified Enzyme 

On SDS-PAGE, the purified arginase produced by Aspergillus niger AUMC16187 was found to 

have two subunits with a molecular weight of about 127 and 70 kDa (Figure 9). 

Figure 9. SDS-PAGE analysis of purified arginase. lane M: protein molecular weight marker; lane 1: purified 

arginase. 

3.8. Characterization of Purified Arginase Activity 

3.8.1. Optimum Reaction Time of Purified Arginase Activity 

The activity of purified arginase was measured at 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 

min, with the optimum reaction time found to be 10 min. 
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The highest activity of purified arginase was found to be 100 and 98.9% at 40°C after 10 and 15 

min of incubation, respectively, with a slight decrease at other incubation periods (Figure S4). 

3.8.2. Effect of pH and pH Stability on the Activity of Purified Arginase 

By assaying the activity of purified arginase using 0.1 M different buffer solutions and several 

pH values (2-12), the optimum pH level was determined. Purified arginase showed the highest 

activity of 100% at pH 7, according to results shown in Figure 10a. The activity increased continuously 

with increasing pH values of 2, 3, 4, 5, and 6, with activity of 1.35, 9.38, 16.27, 41.5, and 56.41%, 

respectively, while it dropped to 61, 34.62, 25.44, 10.53 and 0.21% at pH values 8, 9, 10, 11, and 12, 

respectively. 

Figure 10. Effect of different pH values (a) and pH stability (b) on the activity of purified arginase. 

The pH stability of purified arginase was also tested overnight at pH values of 2, 3, 4, 5, 6, 7, 8, 

9, 10, 11, and 12. We observed that arginase was most stable at pH 7, with an activity of 95.41% (Figure 

10b). 

3.8.3. Effect of Temperature and Thermo-Stability on the Activity of Purified Arginase 

In order to determine the optimum temperature, the activity of purified arginase was measured 

using 100 mM potassium phosphate buffer (pH 7) at different temperatures (10, 20, 30, 40, 50, 60, 70, 

80, 90, and 100 ºC). The results are shown below. 

A wide range of arginase activity was demonstrated by the results shown in the Figure S5, from 

4 to 80 °C. The activity was 91.19, 100, and 90.21% at 30, 40, and 50°C, respectively. Raising the 

temperature above this range decreased the enzyme activity to 68.68, 33.45 and 0.0% at 80, 90, and 

100°C, respectively. Arginase activities changed little over a wide range of temperatures, meaning it 

is thermostable. 

The purified enzyme was incubated at different temperatures (10, 20, 30, 40, 50,60, 70, 80, 90, and 

100 ºC) overnight in order to evaluate the thermo-stability of arginase. As shown in Figure S6, the 

thermo-stability of purified arginase showed that the enzyme was most stable at 30, 40, and 50 °C 

with activity of 91.19, 100, and 90.21%, while its activity decreased to 68.68, 33.45, and 0% at 80, 90, 

and 100 °C, respectively. 

3.8.4. Effect of Substrate Concentration on the Activity of Purified Arginase 

In the reaction mixture, different concentrations of L-arginine were incubated separately with 

purified arginase. L-arginine concentrations were (25, 50, 75, 100, 125, and 100 mM) to determine the 

optimal substrate concentration for the assay of enzyme under the optimized assay conditions. 

As shown in Table 5, the best activity of purified arginase was 102.15, 110.95, 104.29, and 100% 

at concentrations of 25, 50, 75, and 100 mM, respectively. While above these concentrations, the 

activity decreased to 91.41 and 76.39% at 125 and 150 mM, respectively. 

Table 5. Effect of substrate concentration on the activity of purified arginase. 

L-arginine conc. (mM) 
Relative activity 

(%) 

25 102.15 

50 110.95 

75 104.29 
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100 100 

125 91.41 

150 76.39 

3.8.5. Effect of Different Metallic Cations on the Activity of Purified Arginase 

Different metallic cations, such as barium, calcium, cobalt, copper, magnesium, manganese and 

nikal, at a concentration of 1.0 mM were separately incubated with the enzyme to study the effects of 

these chemicals on purified arginase. 

Manganese cations increased arginase activity by 12.79% compared to control. However, 

barium, calcium, cobalt, copper, magnesium, nickel, and sodium cations inhibited enzyme activity 

by 8.95, 98.49, 95.93, 99.77, 97.21, 95.93, and 93.37%, respectively (Figure S7). 

3.8.6. Effect of Different Concentrations of EDTA on the Activity of Purified Arginase 

EDTA at different concentrations of (0.2, 0.4, 0.6, 0.8 and 1 M) was incubated with the purified 

arginase to study the effects of this chemical on enzyme. For each concentration of EDTA included, 

the residual activity measured was compared to the control (without additives). The results in Figure 

S8, indicated that all EDTA concentrations completely inhibited the activity of purified arginase, 

suggesting that the enzyme is a metalloenzyme. 

3.8.7. Effect of Enzyme Concentration on the Activity of Purified Arginase 

Different concentrations of purified arginase (0.02, 0.05, 0.1, 0.19, 0.29, and 0.39 mg) were 

individually incubated with the best concentration of substrate solution in the reaction mixture to 

determine the best enzyme concentration under the optimal assay conditions. The highest activity of 

purified arginase (100%) was achieved at appropriate enzyme concentrations in the reaction mixture, 

which were found to be 0.19 mg (Table 6). 

Table 6. Effect of enzyme concentration on the activity of purified arginase. 

Enzyme concentration (mg) Relative activity (%) 

0.02 87.26 

0.05 89.38 

0.1 93.63 

0.19 100 

0.29 76.64 

0.39 2.31 

3.9. In Vitro Anticancer Effect of Arginase 

3.9.1. Cytotoxicity Assay of Arginase Using MTT Method 

The cytotoxic activity of arginase against human melanoma (A431) and human skin fibroblast 

(HSF) cells was determined by incubating the cells with different arginase concentrations (2.58, 5.16, 

10.31, 20.63, 41.25, 82.5, 165, 330, and 660 µg/ml) for 24 h. The MTT colorimetric protocol was then 

used to determine cell viability. As shown in the Table S3 & Figure 11a, arginase exhibited a 

concentration-dependent cytotoxic effect on the tested cancer cell line. It effectively inhibited the 
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proliferation of A431 cancer cells with lesser effect on the viability of normal HSF cells (Table S4 and 

Figure 11b). 

Figure 11. Cytotoxicity % of fungal arginase against A431 cancer cells (a) and normal HSF cells (b). 

The IC50 value of arginase for the tested cancer cells was determined to be 2394 µg/ml for human 

melanoma (A431), while it was 2907 µg/ml for healthy cells (HSF). These results showed that the 

enzyme is more toxic to cancer cells than to healthy cells. 

3.9.2. Flow Cytometry Analysis of Fungal Arginase Against A431 Cancer Cells 

Apoptosis and necrosis cell populations were determined using annexin V-FITC coupled with 2 

fluorescent channels flowcytometry following treatment of A431 cells with purified arginase at 

concentration of 660 µg/ml for 24 hours. Figure 12 demonstrated the powerful effect of fungal 

arginase on A431 in comparison to control via inducing apoptosis of these cells. 

Figure 12. Flow cytometry analysis of fungal arginase against A431 cancer cells. 

4. Discussion 

Arginase, which is crucial in the urea cycle, has potential as an anticancer agent by modulating 

polyamine levels, which are essential for cell proliferation [51]. This study aimed to isolate arginase-

producing fungi from different sources and identify the most potent isolate morphologically and 

genetically. Additionally, the study sought to optimize the physico-chemical production conditions. 

Finally, the enzyme was purified, and its properties and applications were investigated. 

In this study, we successfully produced arginase from soil fungi. Sixty-eight fungal strains were 

isolated from 24 soil samples and screened for arginase production through qualitative and 

quantitative assays. Quantitative screening allowed for the selection of the most potent fungal strain 

exhibiting superior enzyme production. Aspergillus niger AUMC16187 was identified as the most 

potent strain for arginase production. This strain was genetically identified. The use of soil fungi for 

arginase production aligns with recent studies. Alzahrani (2020) demonstrated the potential of soil 

fungi in producing arginase [52]. 

Subsequent optimization involved adjusting various culture conditions to enhance enzyme yield 

from Aspergillus niger AUMC16187. Numerous nutritional, physical, and chemical factors 

significantly influence the production of arginase through submerged fermentation. In our study, we 

incubated strain at varied time intervals (3, 5, 7, 9, 11, and 13 days) under both shaking and static 

conditions. The optimum incubation period for arginase production from Aspergillus niger 

AUMC16187 was determined to be 7 days under shaking conditions then enzyme levels decreased. 

This method resulted in a significant increase in enzyme production compared to static conditions. 

Maximum arginase activity (6.8 U/mg) was observed on day 7. The incubation period for arginase 

closely aligns with El-Sayed et al. (2014), who reported a specific arginase activity of 2.44 U/mg from 

thermostable Penicillium chrysogenum KJ185377.1 after a 6-day incubation [7], while it slightly differs 

from Alzahrani (2020), who observed the best fungal arginase production after 5 days [52]. 

We found that the highest arginase production level (3.43 U/mg) from Aspergillus niger 

AUMC16187 were achieved by shaking incubation for 7 days at 27°C, while pH 7 achieved 3.27 U/mg 

under the same conditions. These results agree with El-Sayed et al. (2014) regarding optimum pH of 

7, who found that Penicillium chrysogenum KJ185377.1 had optimal arginase activity (2.44 U/mg) at 

pH 7 and 45°C (which noticeably differs from optimum temperature in the present work, 27°C) [7]. 

However, our results differ from those of bacterial arginase, which showed the highest arginase 

productivity from Bacillus licheniformis OF2 at pH 8 and 35°C, and from Lactobacillus acidophilus at 

40°C and pH 6 [21,53]. 

A key parameter in the increased production of arginase is the nature and amount of carbon 

sources present in the fermentation medium. In the present study, dextrose (1% w/v) was identified 

as the optimal carbon source for arginase production from Aspergillus niger AUMC16187, with a 
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specific activity of 6.28 U/mg. While this strain can produce arginase without a carbon source, the 

production level was much lower (0.76 U/mg) using arginine as the carbon and nitrogen source. 

These results differ from those of studies that reported maltose to be the best carbon source for 

arginase production from bacteria [21,54]. 

We observed that ammonium chloride was the best nitrogen source for maximum arginase 

production (9.99 U/mg) at a concentration of 2%. These results differ from that, which found peptone 

to be the best nitrogen source for arginase production from Bacillus licheniformis OF2 [21]. Similarly, 

yeast extract was found to be optimal for Pseudomonas sp., and Lactobacillus acidophilus for arginase 

production [53,54]. 

Among all the mineral supplements added to the medium, magnesium (from magnesium 

chloride) at a concentration of 0.2% showed the highest production of arginase (8.83 U/mg) from 

Aspergillus niger AUMC16187. These results align with those obtained by Ibrahim et al. (2018), who 

used magnesium as an additive element (0.005% MgSO4.7H2O) for arginase production from 

Alcaligenes faecalis, although the concentration differs [55]. However, 0.02% MnSO4 was found to be 

optimum for Pseudomonas sp. Strain PV1 arginase production, and 10 mg/L calcium chloride and 0.5 

mg/L ferrous sulphate were optimum for Lactobacillus acidophilus arginase production [53,54]. 

At a concentration of 0.1%, thirteen amino acids were tested in the medium along with substrate, 

for arginase production by Aspergillus niger AUMC16187. In contrast to most previous studies, which 

did not use amino acids as additional substances with the substrate for arginase production, 

Borkovich and Weiss (1987) and Gumashta et al. (2021) supplemented their medium with arginine 

(0.1% w/v) for producing arginase from Neurospora crassa and Streptomyces plicatus KAR73, 

respectively [14,56]. In our study on Aspergillus niger AUMC16187, glutamine proved to be the most 

effective additional amino acid when combined with the substrate (arginine), achieving a specific 

activity of 2.97 U/mg at a 0.15% (w/v) concentration. Notably, this strain also produced arginase even 

in the absence of the substrate. 

In the present work, arginase was concentrated from culture filtrate then purified using gel 

filtration with a Sephadex G-50 column. The purified arginase from Aspergillus niger AUMC16187 

had a protein concentration of 0.39mg/ml, an activity of 1.69 U/ml, and a specific activity of 4.33U/mg, 

with a 1.73-fold purification. In contrast, El-Sayed et al. (2014) reported a total protein concentration 

of 412 mg and a specific activity of 2.44 U/mg for thermotolerant Penicillium chrysogenum KJ185377.1 

[7]. In this work, protein concentration was higher than that reported by El-Sayed et al. (2014) (0.39 

vs. 0.297 mg/ml) who used Sephadex G100 column gel filtration. However, the specific activity in this 

work (4.33 U/mg) was lower than their value (24.45 U/mg), as was the fold purification (1.73 vs. 10.02) 

[7]. Dzikowska et al. (1994) purified arginase from Aspergillus nidulans using Bio-Gel P-60 gel filtration 

chromatography, achieving a specific activity of 14.1 U/mg, 4.7-fold purification, and a 21.7% yield 

[57]. 

In this study, using SDS-PAGE, the purified arginase produced by Aspergillus niger AUMC16187 

was found to have two subunits with molecular weights of approximately 127 kDa (very faint) and 

70 kDa (very clear), indicating that the enzyme is dimeric. These results differ from previous studies 

on arginase from other sources. For instance, Borkovich and Weiss (1987) reported that the arginase 

from Neurospora crassa had a molecular weight of 38.3 kDa [14]. Dzikowska et al. (1994) found the 

molecular mass of the purified arginase from Aspergillus nidulans to be 40 kDa [57]. Zhang et al. (2013) 

noted that arginase from Bacillus thuringiensis SK 20.001 had a molecular weight of around 33 kDa 

using SDS-PAGE and 191 kDa according to gel filtration [38]. Yu et al. (2013) determined the 

molecular weight of arginase from Bacillus subtilis 168 to be 49 kDa using SDS-PAGE [58]. El-Sayed 

et al. (2014) reported that the molecular structure of arginase subunit from thermostable Penicillium 

chrysogenum KJ185377.1 was 37.0 kDa [7]. Gumashta et al. (2021) mentioned that arginase from 

Streptomyces plicatus KAR73 had a molecular weight of 23 kDa [56]. According to Hassabo et al. (2023), 

the molecular mass of the purified arginase from Streptomyces diastaticus MAM5 was estimated to be 

39 kDa [27]. 
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Arginases have been studied for their molecular weights, with values ranging from 98 kDa [59] 

to 352 kDa [60]. Additionally, the number of subunits reported varies from three to ten. For example, 

there is a tetramer from mouse liver [61], a trimer from Saccharomyces cerevisiae [62], a hexamer with 

a molecular weight of 180 kDa from Bacillus brevis Nagano [63], a hexamer from Iris bulbs [64], and a 

decamer with a molecular weight of 352 kDa from ginseng root arginase [60]. These variations in 

molecular weights highlight the diversity in arginase structure across different species and strains, 

suggesting potential differences in enzyme functionality, stability, and regulatory mechanisms. 

The present study demonstrated that the purified arginase from Aspergillus niger AUMC16187 

shows high stability around 40°C at various incubation periods. The arginase activity peaks at 100% 

after 10 min and slightly decreases to 98.87% at 15 min. The activity remains stable between 96.6% 

and 97.73% throughout most of the incubation periods, with minor fluctuations observed. This 

consistent activity indicates that the enzyme is highly active and stable at this temperature, which is 

crucial for its potential applications, such as in cancer treatments. Similarly, it was reported that the 

optimal incubation time for arginase activity produced from Bacillus thuringiensis SK 20.001 and 

Penicillium chrysogenum KJ185377.1was 10 min at 40°C [7,38]. In contrast, it was found that the optimal 

incubation time for arginase activity from Streptomyces diastaticus MAM5 was 30 min at 40°C [27]. 

This work showed that the purified arginase is most efficient and stable at a neutral pH of 7, 

achieving peak activity (100%) and maintaining high stability (95.41%). The enzyme activity 

increased steadily from pH 2 to 6, indicating effectiveness under slightly acidic conditions. However, 

beyond pH 7, activity decreased significantly, particularly in more alkaline environments. These 

findings suggest arginase's suitability for medical applications, such as cancer treatment, where 

maintaining a neutral pH is crucial for optimal enzyme performance. In contrast, bacterial arginase 

from Streptomyces plicatus KAR73, Bacillus licheniformis OF2, Streptomyces diastaticus MAM5, 

Pseudomonas aeruginosa IH2, and Bacillus thuringiensis SK 20.001 had optimal activity at pH 7.5-10 (at 

alkaline pH with reduced activity in acidic conditions) and was stable between pH 8 and 12 

[27,28,38,56,65]. 

The present study found that purified arginase is most effective at around 40°C and is 

thermostable over a wide range of temperatures. The enzyme was most stable at 30°C, 40°C, and 

50°C, with activities of 91.19%, 100%, and 90.21%, respectively, but its activity decreased significantly 

at higher temperatures. These results are consistent with other studies on arginase purified from 

Streptomyces plicatus KAR73 [56], and from Bacillus thuringiensis SK 20.001 [38]. In contrast, it was 

observed that purified arginase from Glaciozyma antarctica PI12 had maximum activity and stability 

at 20°C, retaining 70% residual activity at 10-30°C [66], and arginase from Streptomyces diastaticus 

MAM5 had the highest activity at 50°C and remained stable up to 50°C [27]. 

In this study, purified arginase showed the highest activities at L-arginine concentrations of 25, 

50, 75, and 100 mM, with activities of 102.15%, 110.95%, 104.29%, and 100%, respectively. Activity 

decreased to 91.41% and 76.39% at concentrations of 125 and 150 mM. The highest activity of purified 

arginase (100%) was achieved at an enzyme concentration of 0.19 mg in the reaction mixture. These 

results align with those reported by El-Sayed et al. (2014) and Hassabo et al. (2023), who used similar 

concentrations in the reaction mixture for arginase assays from Penicillium chrysogenum KJ185377.1 

and Streptomyces diastaticus MAM5 [7,20]. Comparatively, Zhang et al. (2013) found similar results 

with arginase assays from Bacillus thuringiensis SK 20.001 at duplicated reaction mixture 

concentrations [38]. 

Among the tested metallic cations, manganese increased arginase activity by 12.79%, while 

barium, calcium, cobalt, copper, magnesium, nickel, and sodium inhibited it by 8.95%, 98.49%, 

95.93%, 99.77%, 97.21%, 95.93%, and 93.37%, respectively. Our findings showed that all tested EDTA 

concentrations completely inhibited the activity of purified arginase, suggesting that the arginase is 

a metalloenzyme. According to Hassabo et al. (2023), the activity of Streptomyces diastaticus MAM5 

arginase was enhanced by 59% with Co²+ and 14% with Mn²+ ions [27]. It was strongly inhibited by 

Cu²+, Li²+, and Hg²+ ions. EDTA, SDS, sodium azide, 8-hydroxyquinoline, and hydroxylamine also 

significantly reduced arginase activity. Similarly, Pseudomonas aeruginosa IH2 arginase was most 
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active with Mn²+ and Mg²+, while Al³+, Cu²+, and Li+ ions decreased its activity [65]. Bacillus 

thuringiensis SK 20.001 arginase showed maximum activity with Mn²+ and Ni²+ ions, while Zn²+, Fe²+, 

and Fe³+ slightly inhibited its activity [38]. Similar findings were reported for marine Bacillus 

licheniformis OF2 arginase [21], Bacillus brevis Nagano arginase [63], Saccharomyces cerevisiae arginase 

[62], and Bacillus subtilis arginase [67]. In contrast, it was found that Helicobacter pylori arginase 

preferred Co²+, Ni²+, and Mn²+, respectively [39]. 

Since it is the precursor of multiple cell-signaling molecules that are crucial for tumor growth, 

arginine deprivation is a viable treatment strategy for a variety of cancers [68]. Normal cells can 

generate arginine from citrulline using arginosuccinate synthase (AS) and arginosuccinate lyase 

(ASL), so they are unaffected by arginase's conversion of arginine to ornithine and urea. Cancer cells, 

however, do not express these enzymes [69]. 

Our results, demonstrating the concentration-dependent cytotoxic effect of arginase on 

melanoma (A431) and human skin fibroblast (HSF) cells, which align with previous findings [7,21]. 

Selim et al. (2024) reported promising activity of arginase on breast and colon cell lines with minimal 

cytotoxicity on normal skin cells (BJ-1) [21], which is similar to our results of significant inhibition of 

melanoma cells and lesser impact on HSF cells. Both studies highlight arginase's potential as an 

anticancer agent with higher toxicity to cancer cells than to normal cells, reinforcing the role of 

arginase in selective cancer therapies. Additionally, our study results showed significant apoptosis 

in A431 cells treated with 660 µg/ml of purified arginase in flow cytometry analysis, which aligns 

with previous studies [27,28,65]. 

5. Conclusion 

This study successfully isolated and identified Aspergillus niger AUMC16187 as the most efficient 

arginase-producer among 68 fungal isolates isolated from 24 soil samples and screened for arginase 

production. Maximum arginase production from this strain was achieved at 7th day of incubation, 

27°C, and pH 7, using 1% dextrose and 2% ammonium chloride as carbon and nitrogen sources, 

respectively, 0.2% magnesium chloride as additional element, and 0.15% glutamine. SDS-PAGE 

analysis of purified arginase showed two bands at molecular weights of approximately 127 and 70 

kDa. Purified arginase displayed maximum activity at 40°C, pH 7, after reaction time of 10 and 15 

min, and was most stable at 30-50°C. The enzyme is a metalloenzyme that can be inhibited by all 

EDTA concentrations. Importantly, the purified arginase exhibited significant cytotoxic effects 

against human melanoma (A431) cancer cells. These findings suggest that arginase from Aspergillus 

niger AUMC16187 holds potential as an anticancer agent. 
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