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Abstract 

The Asparaginase has a great importance; because of its anti-cancer potential. This study 

aimed to produce and characterize L-asparaginase from Emericella sp. The parameters 

such as incubation period, temperature, pH, carbon and nitrogen sources, were studied  to 

indicate a maximum production of L-asparaginase enzyme by Emericella sp. The 

specificity substrate was also studied. The results of this study showed that maximum 

activity was noted on the 6th day of incubation period with incubation temperature of 

30°C and pH 7.0 and 120 rpm. Glucose (0.2%) was the best source of carbon. Among all 

the various nitrogen sources at concentrations ranging from 0.1% to 0.5%, ammonium 

nitrate (0.4%, 0.5%) showed a maximum production of L- asparaginase. L-asparagine 

was considered as a natural specific substrate to the L-asparaginase and retained 100% 

relative activity. 

Keywords: Emericella sp, L-asparaginase, optimum parameters, Substrate specificity.  

Introduction 

Fungi are the basic organisms in ecosystems, where the environment supports its growth 

anywhere, either on water or in land (1). Special fungal diversity in the marine 

environment is still rare compared to many bacteria and viruses. The information that we 

have is based on research that was done in the laboratory, for this reason a selective 

group of very few fungal genera are being studied rigorously(2). Recently, There has been 

a significant interest in the huge biodiversity of marine fungal communities and their high 

capacity to produce many biologically active compounds to balance marine environments 
(3, 4). Fungi play significant roles in marine environments besides bacteria, which are 

among the most prevalent species in these environments and the largest contributor to the 

organic matter production.  Many fungal communities can exist in the sea such as: 

aquatic fungi which grow permanently in seawater, optional marine fungus that grow in 

both sea water and fresh water, and terrestrial fungi that grow in sea water when 

conditions of growing are suitable (5, 6). Many studies indicate that, many marine fungi 
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have the capability to produce L-asparaginase (7, 8) such as Fusarium, Penicillium, and 

Aspergillus. These mitosporic fungi, are commonly reported in several studies to produce 

asparaginase (9, 10). L-Asparaginase is an enzyme that is widely used as an anti-tumour 

agent and acts on a substrate such as L-asparagine.  

The L-Asparaginase enzyme has many advantages such as it is non-toxic, can be operated 

with complete ease at the specified location, cheap and biodegradable (11). On the other 

hand, other anti-tumour agents are very expensive and very painful when administered to 

the patient. The present work focuses on the production of L- asparaginase from 

Emericella sp and optimization of cultural conditions to getting a maximum production. 

Materials and Methods 

Sample collection 

Sixty-seven samples were collected from nine sites along Alexandria Eastern Harbor in 

Egypt. Each sample consisted of both water and sediment. Samples were collected in 

sterilized  screw cap bottles 300ml. Collected samples are stored until they were 

processed during no longer than 24 hrs. later. 

Fungal isolation 

Sediment samples 

Each sediment sample (10 gm) was added to 90 ml of sterilized distilled water. The 

resulted suspension (0.5ml) was spread onto potato dextrose agar (PDA) with 50 mg/L 

tetracycline to prevent the bacterial growth. Then incubated for seven days at 28oC and 

the colonies were started to be observed after 4 days. After complete incubation, the 

colonies were identified morphologically. 

Seawater samples 

Each sea water sample (10 ml) was diluted in 90 ml of sterilized distilled water. The 

previously prepared dilution (1 ml) was further diluted in 9 ml of sterilized distilled water 

to achieve a dilution of 1-100 M. One milliliter of each of the prepared 1-100 M dilutions 

was spread onto potato dextrose agar medium with 50 mg/L tetracycline to inhibit the 

bacterial growth and also incubated for seven days at 28oC. The resulted colonies were 

then identified morphologically. 

 Phenotypic characterization     

All isolates grew equally well on potato dextrose agar plates at 28oC. Most colonies grew 

up to 2.4–4.1 cm in diameter after 48 h of incubation. According to their morphology and 
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growth characteristics, the resulted well colonies were selected for more characterization 

and genetic identification (12). 

Molecular identification of the fungal isolates 

Fungal growth was suspended in 100 l sterilized distilled water and boiled for 15 min. 

Amplification of ribosomal rRNA gene was done by using universal fungal primers ITS1 

and ITS4. The PCR products were detected by using 1% agarose gel, then emerged in 

ethidium bromide solution overnight, and UV transilluminator was used for visualization. 

The resulted amplicons were cleaned using Gen Elute™ PCR clean-up kit according to 

instructions. BLAST analysis was carried out by using the NCBI database (13).  The 

resulted sequence then was submitted to NCBI Gen bank. 

Determination of L-asparaginase activity from fungal isolates 

Plate screening of L- asparaginase producing fungi 

The isolated marine fungi were grown on Modified Czapek-Dox (MCD) agar medium. 

The incubation was carried out at 250C for 7 days. A positive result was detected by the 

appearance of a pink zone which indicates of the L-asparaginase production (14). 

 

L-asparaginase production  

 

 The isolates were tested for L-asparaginase production by growing on the MCD medium 

for 3 days. Disc technique was carried out by inoculating a 5 mm disk into 100 ml of the 

MCD medium then incubated at 28°C for 7 days. After the incubation period, the broth 

was centrifuged at 10,000 rpm for 10 minutes at 4oC. The resulted supernatant was 

obtained as a crude enzyme to estimate L-asparaginase activity. 

 

Evaluation of L-asparaginase  

 

 To evaluate L-asparaginase, 0.5 ml of asparagine (0.04 M), as a substrate, 0.5 ml of 

buffer (0.5 M), 0.5 ml of enzyme and 0.5 ml of distilled water were added. The obtained 

mixture was incubated for 30 min. Then, 0.5 ml of 1.5 M TCA (Trichloroacetic acid) was 

added to stop the reaction. 0.1ml of the mixture was added to 3.7 ml distilled water and 

0.2 ml of Nessler’s reagent and incubated for 20 min. The OD of the result was estimated 

at 450 nm.  

  

 

 

International unit 

 One IU of L-asparaginase activity is defined as the amount of enzyme which catalyses 

the formation of 1μmole of NH3 per minute under the optimal assay conditions. 
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Statistical Analysis 

 The analysis of variance was carried out according to the rules of ANOVA. The 

significant differences between the means, were determined through Duncan’s multiple 

range Test (DMRT). 

Units/ml enzyme = (μ-mole of NH3 liberated) (2.5) 

                                          (0.1) (30) (1) 

2.5 = Initial volume of enzyme mixture (ml) 

0.1 = Final volume of enzyme mixture (ml) 

30 = Incubation time (min) 

1 = Volume of enzyme used (ml) 

Characterization of L-asparaginase 

L-asparaginase, after the fermentation process, were separated out by using filtration, 

centrifugation, and ammonium sulfate salt precipitation and then purified by 

chromatography techniques, this resulted enzyme was later used for further studies. 

Optimization of parameters for production of L-asparaginase 

 The optimization of parameters for production of L-asparaginase were carried out, that 

by changing one parameter and keeping the others unaltered to giving the maximum 

production of L-asparaginase. The optimization of L-asparaginase by Emericella sp 

depends on several factors such as incubation period, temperature and pH. Also, different 

carbon and nitrogen sources on L-asparaginase production were studied. 

Effect of incubation period 

To determine the maximum L-asparaginase production at different incubation periods, 

100ml of MCD containing 1% asparagine at pH 6 then inoculated and incubated at 

different growth intervals. The filtrate was incubated and observed from 1to8 day at 

300C, and the clear supernatant was used to determine the enzyme activity. 

Effect of pH on enzyme activity 

To detect the effect of pH on the production of L- asparaginase by Emericella sp, the 

reaction medium was adjusted to various pH ranges of 3, 5, 7, 9and 11, then inoculated 

into the MCD medium with a 5mm culture disc and incubated for 7 days at 300C. The 

enzyme activity was determined. 
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Effect of temperature on enzyme activity 

To determine the maximum production of L-asparaginase at different temperatures, the 

reaction medium was inoculated and incubated at different temperatures of 25ºC, 30ºC, 

35ºC, 40ºC and 45ºC for 7days. The enzyme activity was determined. 

Effect of carbon source 

Five carbon sources; starch, lactose, maltose, sucrose, and glucose (0.2%) were used for 

producing a maximum production of asparaginase.  The influence of different carbon 

sources on efficient production was assessed and incubated at 300C for 7days. The 

supernatant was utilized for determining the enzyme activity and protein content. 

Effect of nitrogen source 

The effect of different nitrogen sources; yeast extract, ammonium nitrate, peptone, 

sodium nitrate, and potassium nitrate were studied on L-asparaginase production  in a 

range of concentrations from 0.1% to 0.5% and incubated at 300C for 7 days. The enzyme 

activity was obtained by utilizing the supernatant to measure the enzyme activity. 

Substrate specificity 

Mixtures that contained L-Asparaginase enzyme and buffer with different substrates; D-

asparagine, glutamine, and L-asparagine were used under the present study (15, 16). 

 

RESULTS AND DISCUSSION 

Production of L-Asparaginase 

In the present study, thirty-six strains were isolated and named serially from MF1 to 

MF36. Of the 36 fungal isolates, 23 isolates (63.8%) were screened positive for the L- 

asparaginase activity. The potential strains were selected on the presence of pink zone 

indicating the L-asparaginase production (Fig.1). Among these marine fungal isolates, 

MF30 was selected as a potential strain for the production of L-asparaginase. The isolate 

MF30 was selected for the optimization studies based on the initial screening by plate 

assay method. The isolate was identified as Emericella sp. and the resulted sequence was 

submitted to Gen bank with the accession no. AUMC 6937.An increase in pH due to 

ammonia accumulation in the medium results in the change of color from yellow to pink 

and is suggestive of the fact that the marine fungi are able to utilize the asparagine as a 

substrate by the secretion of the enzyme L-asparaginase. The results of the plate assay 

method procedure for L-asparaginase production are depicted in Table.1. The study 
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indicated that the L-asparaginase production was maximum (6.05 IU) at the 7th day of the 

incubation period (17).  

 

                      A                 B   

Fig.1: Fungal isolate on a Modified Czapekdox plate (MCD) 

A) Asparaginase negative plate B) Asparaginase positive plate 

 

Table.1: Screening of marine fungi for L-asparaginase production 

MF.No Zone diameter(in mm) 

MF1 0 

MF2 23.000.58 

MF3 36.100.40 

MF4 0 

MF5 0 

MF6 0 

MF7 0 

MF8 46.130.81 

MF9 27.700.20 

MF10 48.010.47 

MF11 44.000.50 
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MF12 53.300.80 

MF13 39.000.59 

MF14 0 

MF15 41.600.62 

MF16 28.010.31 

MF17 52.000.45 

MF18 45.400.11 

MF19 0 

MF20 36.000.50 

MF21 0 

MF22 0 

MF23 36.000.24 

MF24 27.290.85 

MF25 45.000.51 

MF26 0 

MF27 36.550.50 

MF28 0 

MF29 47.100.80 

MF30 66.000.51 

MF31 34.400.30 

MF32 26.900.80 

MF33 35.000.50 
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MF34 29.000.60 

MF35 0 

MF36 0 

 

Optimization of culture parameters for L-asparaginase production 

The culture parameters for obtaining a maximum production of L-asparagine have been 

studied. These parameters play an important role in the production of L-asparaginase, 

which necessitates conditions in which fungus can produce high yields of L- 

asparaginase. Chemical and physical parameters such as incubation period, temperature, 

pH, carbon, and nitrogen sources, have an essential role in improving L-asparaginase 

secretion. 

 

Effect of incubation period 

In the present study, the effect of incubation period was estimated to obtain the maximum 

production of L-asparaginase by Emericella sp. The activity of L-asparaginase was 

determined from 1st to 8th day to estimate the optimum incubation period for the 

maximum production of L-asparaginase.  It was observed that the maximum production 

of L- asparaginase was estimated on the 6th day of incubation period with an activity of 

0.65 U/ml (Figure 2). Further increase in the incubation periods after the 6th day showed a 

gradual decrease in L- asparaginase production. The result obtained may be due to 

depletion of nutrients in the media or the production of metabolites which may result in a 

change in pH or growth inhibition (18). Some reports indicated that only two days of 

incubation period were required to produce of L-asparaginase enzyme by Fusarium sp. 
(19, 20). Other studies reflect on the shorter incubation period required for L- asparaginase 

production (21, 22, 23). On the other hand, similar reports showed that the maximum 

incubation period to produce of L-asparaginase was on the 6th day of the incubation (24) 

which supported our results.  
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Figure 2: Effect of incubation period on L-asparaginase production 

  

Effect of pH 

Enzyme activity is significantly affected by pH change which can be inhibited or 

enhanced. thus, can affect the growth of microorganisms (25). It was observed that the 

maximum enzyme activity was obtained at pH 7.0 with an activity of 0.671 U/ml. A 

gradual decrease in the enzyme activity observed lower and higher pH 7 may be due to 

the inhibitory effect on the growth and enzyme production by acidic and alkaline pH 

(Figure 3). Also, any variation in pH will result in a change in the properties and form of 

the enzyme or the substrate. thus, will prevent binding of the enzyme to the substrate (26). 

Some reports, which closes to our results, indicates a maximum enzyme activity lower 

than pH 7(27 ,28 , 29). 
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Fig 4: Effect of pH on L-asparaginase production  

Effect of Temperature: 

Temperature is the most important environmental factor for L-asparaginase production; 

because it regulates the growth of the microbes and the enzyme secretion. Also, 

Temperature affects the activity rate of the enzyme; because it affects the rate of its 

chemical reaction. The maximum enzyme production was observed at 300C with an 

activity of 0.415 U/ml (Figure 5). The enzyme activity started to decrease at the higher 

temperature of 300C due to the denaturation of partial enzyme leading to a change in the 

metabolic activities of the microbe. Similar reports support the same results on other 

marine fungi (30, 31, 32).  On the other hand, some reports indicate that the optimum 

temperature for L-asparaginase was found of 37 and 45 0C (20, 22).   
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Fig.5: Effect of Temperature on L-asparaginase production  

 

Effect of Carbon sources 

Carbon is the main component of microbial cells due to its structure and function. Most 

of the fungi prefer simple sugars as a source of carbon other than carbon compounds (27). 

In this study, five different sugars were studied for their ability to L- asparaginase 

production. The present study reveals that the maximum production of L-asparaginase 

when Glucose (0.2%) is used as the highest carbon source  compared to other sugars with 

enzyme activity of 0.163U/ml (Figure 6) (33). Similar studies have reported glucose as a 

good carbon source to induce L- asparaginase production by marine fungi (34). A study on 

L- asparaginase reveals glucose at (0.4%)   concentration as the best carbon source (31, 35).  
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Figure.6: Effect of different Carbon sources on L-asparaginase production  

 Effect of Nitrogen sources 

In this study, five different nitrogen sources were studied for their ability to L- 

asparaginase production. Each one of these nitrogen sources was added to the MCD 

medium individually at concentrations ranging from 0.1% to 0.5% for L- asparaginase 

production then supplemented into the reaction medium. The results indicated that 

ammonium nitrate at concentrations of 0.4% and 0.5% indicates a maximal L-

asparaginase production (Figure 7). On the other hand, sodium nitrate, yeast extract, 

peptone and potassium nitrate showed the lowest production of L-asparaginase. The 

Similar report indicated that sodium nitrate showed the lowest production of L- 

asparaginase (36).  
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Figure .7: Effect of different nitrogen sources on L-asparaginase production  

Substrate specificity of enzyme 

The results indicated that the enzyme was 100%, 3% and 2% active on L-asparagine, D-

asparagine, and L-glutamine respectively (Table. 2). This characteristic of the enzyme is 

very necessary to treat patients requiring incomplete removal of asparagine. Similar 

studies indicated the same results (37, 38). 

          Table.2: Substrate specificity of enzyme 

Substrate  Concentration(mM) Relative activity 

(%) 

L-Asparagine 10 100 

D-Asparagine 10 3 

L-Glutamine 10 2 
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CONCLUSION 

The present study indicated that the L-asparaginase production from marine fungi. 

Among 23 isolates, the marine fungus FM30 (Emericella sp.) exhibited a maximum L-

asparaginase production. It was observed that maximum enzyme activity was recorded on 

the 6th day of incubation period at pH 7.0 with an incubation temperature of 30°C at 120 

rpm. the glucose (0.2%) was the best carbon source. Also, the ammonium nitrate (0.4%, 

0.5%) showed a maximum production of L- asparaginase. L-asparagine was used as a 

specific substrate to the L-asparaginase with 100% relative activity. 
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	Production and screening of anticancer enzyme from marine Fungi
	Abstract
	The Asparaginase has a great importance; because of its anti-cancer potential. This study aimed to produce and characterize L-asparaginase from Emericella sp. The parameters such as incubation period, temperature, pH, carbon and nitrogen sources, were...
	Keywords: Emericella sp, L-asparaginase, optimum parameters, Substrate specificity.
	Introduction
	Fungi are the basic organisms in ecosystems, where the environment supports its growth anywhere, either on water or in land (1). Special fungal diversity in the marine environment is still rare compared to many bacteria and viruses. The information th...
	The L-Asparaginase enzyme has many advantages such as it is non-toxic, can be operated with complete ease at the specified location, cheap and biodegradable (11). On the other hand, other anti-tumour agents are very expensive and very painful when adm...
	Materials and Methods
	Sample collection
	Sixty-seven samples were collected from nine sites along Alexandria Eastern Harbor in Egypt. Each sample consisted of both water and sediment. Samples were collected in sterilized  screw cap bottles 300ml. Collected samples are stored until they were ...
	Fungal isolation
	Sediment samples
	Each sediment sample (10 gm) was added to 90 ml of sterilized distilled water. The resulted suspension (0.5ml) was spread onto potato dextrose agar (PDA) with 50 mg/L tetracycline to prevent the bacterial growth. Then incubated for seven days at 28oC ...
	Seawater samples
	Each sea water sample (10 ml) was diluted in 90 ml of sterilized distilled water. The previously prepared dilution (1 ml) was further diluted in 9 ml of sterilized distilled water to achieve a dilution of 1-100 M. One milliliter of each of the prepare...
	Phenotypic characterization
	All isolates grew equally well on potato dextrose agar plates at 28oC. Most colonies grew up to 2.4–4.1 cm in diameter after 48 h of incubation. According to their morphology and growth characteristics, the resulted well colonies were selected for mor...
	Molecular identification of the fungal isolates
	Fungal growth was suspended in 100 (l sterilized distilled water and boiled for 15 min. Amplification of ribosomal rRNA gene was done by using universal fungal primers ITS1 and ITS4. The PCR products were detected by using 1% agarose gel, then emerged...
	Determination of L-asparaginase activity from fungal isolates
	Plate screening of L- asparaginase producing fungi
	Statistical Analysis
	The analysis of variance was carried out according to the rules of ANOVA. The significant differences between the means, were determined through Duncan’s multiple range Test (DMRT).
	Units/ml enzyme = (μ-mole of NH3 liberated) (2.5)
	(0.1) (30) (1)
	2.5 = Initial volume of enzyme mixture (ml)
	0.1 = Final volume of enzyme mixture (ml)
	30 = Incubation time (min)
	1 = Volume of enzyme used (ml)
	Characterization of L-asparaginase
	L-asparaginase, after the fermentation process, were separated out by using filtration, centrifugation, and ammonium sulfate salt precipitation and then purified by chromatography techniques, this resulted enzyme was later used for further studies.
	Optimization of parameters for production of L-asparaginase
	The optimization of parameters for production of L-asparaginase were carried out, that by changing one parameter and keeping the others unaltered to giving the maximum production of L-asparaginase. The optimization of L-asparaginase by Emericella sp ...
	Effect of incubation period
	To determine the maximum L-asparaginase production at different incubation periods, 100ml of MCD containing 1% asparagine at pH 6 then inoculated and incubated at different growth intervals. The filtrate was incubated and observed from 1to8 day at 300...
	Effect of pH on enzyme activity
	To detect the effect of pH on the production of L- asparaginase by Emericella sp, the reaction medium was adjusted to various pH ranges of 3, 5, 7, 9and 11, then inoculated into the MCD medium with a 5mm culture disc and incubated for 7 days at 300C. ...
	Effect of temperature on enzyme activity
	To determine the maximum production of L-asparaginase at different temperatures, the reaction medium was inoculated and incubated at different temperatures of 25ºC, 30ºC, 35ºC, 40ºC and 45ºC for 7days. The enzyme activity was determined.
	Effect of carbon source
	Five carbon sources; starch, lactose, maltose, sucrose, and glucose (0.2%) were used for producing a maximum production of asparaginase.  The influence of different carbon sources on efficient production was assessed and incubated at 300C for 7days. T...
	Effect of nitrogen source
	The effect of different nitrogen sources; yeast extract, ammonium nitrate, peptone, sodium nitrate, and potassium nitrate were studied on L-asparaginase production  in a range of concentrations from 0.1% to 0.5% and incubated at 300C for 7 days. The e...
	Substrate specificity
	Mixtures that contained L-Asparaginase enzyme and buffer with different substrates; D-asparagine, glutamine, and L-asparagine were used under the present study (15, 16).
	RESULTS AND DISCUSSION
	Production of L-Asparaginase
	In the present study, thirty-six strains were isolated and named serially from MF1 to MF36. Of the 36 fungal isolates, 23 isolates (63.8%) were screened positive for the L- asparaginase activity. The potential strains were selected on the presence of ...
	A                 B
	Fig.1: Fungal isolate on a Modified Czapekdox plate (MCD)
	A) Asparaginase negative plate B) Asparaginase positive plate
	Table.1: Screening of marine fungi for L-asparaginase production
	Optimization of culture parameters for L-asparaginase production
	The culture parameters for obtaining a maximum production of L-asparagine have been studied. These parameters play an important role in the production of L-asparaginase, which necessitates conditions in which fungus can produce high yields of L- aspar...
	Effect of incubation period (1)
	In the present study, the effect of incubation period was estimated to obtain the maximum production of L-asparaginase by Emericella sp. The activity of L-asparaginase was determined from 1st to 8th day to estimate the optimum incubation period for th...
	Figure 2: Effect of incubation period on L-asparaginase production
	Effect of pH
	Enzyme activity is significantly affected by pH change which can be inhibited or enhanced. thus, can affect the growth of microorganisms (25). It was observed that the maximum enzyme activity was obtained at pH 7.0 with an activity of 0.671 U/ml. A gr...
	Fig 4: Effect of pH on L-asparaginase production
	Effect of Temperature:
	Temperature is the most important environmental factor for L-asparaginase production; because it regulates the growth of the microbes and the enzyme secretion. Also, Temperature affects the activity rate of the enzyme; because it affects the rate of i...
	Fig.5: Effect of Temperature on L-asparaginase production
	Effect of Carbon sources
	Figure.6: Effect of different Carbon sources on L-asparaginase production
	Effect of Nitrogen sources
	In this study, five different nitrogen sources were studied for their ability to L- asparaginase production. Each one of these nitrogen sources was added to the MCD medium individually at concentrations ranging from 0.1% to 0.5% for L- asparaginase pr...
	Figure .7: Effect of different nitrogen sources on L-asparaginase production
	Substrate specificity of enzyme
	The results indicated that the enzyme was 100%, 3% and 2% active on L-asparagine, D-asparagine, and L-glutamine respectively (Table. 2). This characteristic of the enzyme is very necessary to treat patients requiring incomplete removal of asparagine. ...
	Table.2: Substrate specificity of enzyme
	CONCLUSION
	The present study indicated that the L-asparaginase production from marine fungi. Among 23 isolates, the marine fungus FM30 (Emericella sp.) exhibited a maximum L-asparaginase production. It was observed that maximum enzyme activity was recorded on th...
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