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Introduction
L-asparaginase (L-asparagine amido hydrolase, E.C. 

3.5.1.1) is one of the amidase group enzymes that catalyses the 
conversion of L-asparagine to L-aspartic acid and ammonia [1]. 
It is known chemically as mono methoxy polyethylene glycol 
succinimidyl L- Asparaginase [2]. It works by deamination of 
the amide group located on the side chain of the non-essential 
amino acid, L-asparagine, leading to the formation of ammonia 
and L-aspartic acid [3]. This hydrolytic reaction is mostly 
irreversible under physiological conditions [4]. This reaction 
generally occurred in two steps (Figure 1). In the irst step, a 
strong base activates the enzyme nucleophilic residue and the 
amide carbon atom of L-asparagine (substrate) is attacked, 
and a product beta-acyl-enzyme intermediate is generated. In 
the second step, the ester carbon is attacked by a nucleophile 
which is activated by a water molecule [5]. L-asparagine is a 
nutritional requirement of both normal and cancerous cells. 
Cancerous cells require high levels of this amino acid in 
comparison to healthy cells, due to higher division rate and 

metabolic processes. The low level of asparagine only affects 
the viability of the cancerous cells compared to the normal 
cells. Normal cells possess the enzyme asparagine synthetase, 
which is able to produce asparagine from aspartic acid, while in 
cancerous cells the enzyme asparagine synthetase is produced 
in low amounts so they are not able to produce asparagine in 
proper amounts. To solve this problem cancerous cells, utilize 
asparagine from blood [6-8]. 

L-asparaginase can be used in food processing which 
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Figure 1: General mechanism of L-asparaginase catalyzed reaction. A dashed 
arrow is shown by Nucleophilic attack [5].
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reduces the risk of acrylamide formation during frying or baking 
of starchy food. [9-11]. The two commercial asparaginases 
used in the food industry are Acrylaway produced from 
Aspergillus oryzae by Novozymes Company (Bagsvaerd, 
Denmark), and Preventase manufactured from Aspergillus 
niger by DSM Company (DSM Food specialties, Seclin Cédex, 
France). Acrylamide formation was reduced to 60% in French 
fries by using 10000 U.mL-1 Acrylaway when applied before 
frying [12]. L-asparaginases are considered one of the largest 
groups of therapeutic enzymes as they represent about 40% of 
the total worldwide sale of antileukemic and anti-lymphoma 
agents [13]. It is well accepted as an antitumour agent used in 
combination therapy with other drugs in the therapy of some 
lymphomas and leukemias [14-16]. It has been used for more 
than 30 years in the treatment of acute lymphoblastic leukemia 
[17]. As the enzyme is in great demand in clinical applications 
and in food processing industries, the demand for this 
therapeutic enzyme is increasing severalfold every year [18]. 
It is widely distributed in many plants and microbial sources, 
barley rootlets, and animal tissues (tissues of ishes, birds, 
and mammals such as liver, kidneys, pancreas, brain, spleen 
lungs, ovary or testes and in the serum of certain rodents) 
but not in man. Nevertheless, because of its wide presence in 
assortments of microorganisms, microbial L-asparaginase is a 
better source of enzyme than other living organisms, [5,19-21]. 
Microorganisms are the best source for obtaining enzymes as 
they can be cultured easily using cheap substrates, the culture 
conditions for enzyme production are easily optimized, and 
easily genetically modi ied to increase the yield, the enzyme 
can be produced in bulk, extracted, and puri ied economically, 
good stability, and consistency than animal and plant enzymes 
[22,23]. The toxic side effects of some currently used clinical 
medications of bacterial origin have necessitated the search 
for alternative sources of L-asparaginase [24]. Instead, 
eukaryotic sources such as ilamentous fungi, on the other 
side, have revealed better compatibility with the human 
body, and therefore extensively explored for L-asparaginase 
[25]. Fungal genera of Aspergillus, Penicillium, and Fusarium 
have been explored as L-asparaginase producers [5,24]. 
Furthermore, the recombinant L-asparaginase of Aspergillus 
niger and A. oryzae has already been successfully utilized for 
the lessening of acrylamide formation in some foods [26].

Materials and methods
Test microorganisms

Seventy-seven fungal isolates were obtained from the 
Microbiology Section, Biological Science Department, Faculty 
of Science, Sana’a University. These isolates were isolated from 
different soils using the dilution plate method as described by 
Johnson and Curel [27] collected from different governorates 
in Yemen and identi ied to genus and species level based on 
their macro and micro-characteristics with the help of a few 
works [28-32]. Con irmation of identi ication was carried out 
at the Mycological Center, Faculty of Science (MCFC), Assiut 
University, Egypt.

Sub-culturing and preservation of pure culture

All fungal isolates were aseptically subcultured onto Potato 
Dextrose Agar (PDA) plates and incubated at 28 ± 2 °C for 7 
days - 10 days till the profuse fungal growth was seen. The 
loop full of the metabolically active culture was aseptically 
inoculated onto PDA slants and kept in a refrigerator at 4 ⁰C.

Preliminary screening for L-asparaginase producers

Seventy-seven fungal isolates were screened for their 
ability to produce asparaginase. Each fungal isolates was 
inoculated onto Modi ied Czapex Dox agar with L-asparagine 
as the sole source of nitrogen g/l-1: agar powder 20.0, glucose 
2.0, L-asparagine 10.0, KH2PO4 1.52, KCl 0.52, MgSO4·7H2O 
0.52, CuNO3·3H2O 0.001 g, ZnSO4·7H2O 0.001, FeSO4·7H2O 
0.001, L-asparagine 10.0. A 2.5% stock solution of phenol red 
was prepared in ethanol and 3 mL of this was added to 1000 
mL of Czapek Dox medium and the pH of the medium was 
adjusted to 6.2. Agar plates were spotted in the center with 
7 days old fungal isolates. Triplicates for each isolate were 
prepared and Petri dishes were incubated at 28 ⁰C for 72 hrs., 
the appearance of a pink zone around the fungal colony in an 
otherwise yellow medium indicated L-asparaginase activity 
[33]. Control plates were maintained with medium without 
fungal isolates.

Production of L-asparaginase in liquid medium or 
secondary screening for L-asparaginase producers

Selected fungal isolates on the basis of preliminary 
screening were subjected to culture iltrate production in a 
modi ied Czapek Dox medium. 5 mm mycelial plug of 7-day-
old culture were inoculated in 25 ml pre-sterilized MCD 
broth in Erlenmeyer lask under aseptic conditions and 
were incubated at 28 °C for 7 days - 10 days [34]. After the 
incubation was over, the fungal mycelium was separated from 
broth through iltration using Whatman ilter paper No.1 
followed by centrifugation at 5,000 rpm for 15 min to get cell-
free culture iltrate. The cell-free culture iltrate was then used 
for further qualitative testing by Agar well diffusion assay.

Qualitative test by agar well diff usion assay

Agar well diffusion assay is a modi ied version of the Ditch 
Plate Assay; this technique was initially designed by Heatley 
[35]. Culture iltrates of selected isolates were qualitatively 
screened for L-asparaginase production using plate assay. 
L-asparaginase agar plates containing phenol red were 
prepared in a similar way as previously described. A six mm 
well was made in the center of a petri dish using a sterilized 
Cork borer. 30 μl of culture broth was dispensed into the well. 
The plates were incubated at 37 °C for 48 h. After the incubation 
was over, the plates were observed for the formation of a pink 
halo formation around the wells.

L-asparaginase production by submerged fermentation

Submerged fermentation for L-asparaginase production 
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was carried out using modi ied Czapek Dox’s liquid media. 
Erlenmeyer lask containing 100 mL of appropriate medium 
was inoculated with a primary screened organism. The lasks 
were incubated at 30 °C at different incubation periods (24 h 
- 144 h). Un-inoculated media served as controls. The cultures 
were harvested by iltration through the Whatman No. 1 ilter 
paper. The culture iltrate was used as a crude enzyme to 
estimate enzyme activity. 

Estimation of L-asparaginase enzyme activity

L-asparaginase activity was measured following the 
modi ied method of Imada, et al. [34]. This method utilizes 
the determination of ammonia liberated from L-asparagine 
in the enzyme reaction by Nessler’s reaction. The reaction 
was started by adding 0.5 ml supernatant into 0.5 ml 0.04 M 
L-asparagine and 0.5 ml 0.5 M phosphate buffer (pH 7), 0.5 
distilled water, and 0.5 crude enzyme mixed and shacked well 
then incubated at 37 ⁰C for 30 min. The reaction was stopped 
by the addition of 0.5 ml of 1.5 M Trichloroacetic Acid (TCA). 
The ammonia released in the supernatant was determined 
calorimetrically by adding 0.2 ml Nessler’s reagent into 
tubes containing 0.1 ml supernatant and 3.75 ml distilled 
water and incubated at room temperature for 10 min, and 
absorbance of the supernatant was read using a UV-visible 
spectrophotometer (Specord200, AnalytikJena, Germany) at a 
wavelength of 450 nm. One unit of L-asparaginase activity is 
de ined as the amount of enzyme that catalyzes the formation 
of 1 μmol of ammonia per minute under the conditions of 
the assay [36]. The standard curve of ammonium is shown in 
Figure 2.

Estimation of protein

Estimation of protein was determined by using Lowry, 
et al. [37]. A stock solution of standard protein, BSA at a 
concentration of 1000 μg/mL was made. From this solution 
aliquots of 0.2 to 1 mL of working standard at a concentration 
of 100 μg/mL were taken in the test tubes. All the test tubes 
were made up to 1 mL with distilled water. 1 mL of FC reagents 
was added to each test tube. After 30 min of incubation, the 
absorbance was measured at 660 nm using UV-VIS spec. The 
standard curve of protein is shown in Figure 3.

Results and discussion
In this study, 77 fungal isolates obtained from the 

Microbiology Section, Biological Science Department, Faculty 
of Science, Sana’a University were screened for their ability 
to produce L-asparaginase enzyme using modi ied Czapex 
Dox agar with L-asparagine as the sole source of nitrogen and 
phenol red as an indicator. L- asparaginase also served as an 
inducer. 

Preliminary screening of L-asparaginase production of 
77 fungal isolates belonging to 27 species and 6 genera on 
modi ied Czapek’s agar medium showed that 29 fungal isolates 
representing 37.66% were high producers of L-asparaginase. 

These fungal isolates belonged to the genera Aspergillus, 
Eupenicillium, Fusarium, Penicillium, and Stachyobotrys. 
Twenty-seven fungal isolates representing 35.06% of tested 
isolates showed medium production of L-asparaginase, these 
isolates belonged to Aspergillus, Eupenicillium, Paceliomyces, 
and Penicillium. 7 fungal isolates (9.09%) were low producers 
whereas 14 fungal isolates (18.18%) showed no production of 
L-asperginase (Table 1). The change of medium color to red is 
shown in Plate 1.

Twenty-nine fungal isolates that show high production 
of L-asparaginase were screened for their ability to produce 
L-asparaginase using the agar well diffusion method. 12 
fungal isolates out of 29 showed the ability to produce 
extracellular L-asparaginase. These isolates were belonging 
to 8 species which they were: A. sulphurs, A. ustus, F. sacchari, 
P. chrysogenum, P. citrinum, P. corylophilum, P. melinii and P. 
subturcoseum (Table 2).

5 fungal isolates that showed a positive result for secondary 
screening were chosen for further studies on L-asparaginase 
production and puri ication. These isolates were A. ustus, P. 

Figure 2: Showed the ammonium standard curve.

Figure 3: Showed the Protein standard curve.
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chrysogenum, 2 isolates of P. citrinum, and P. corylophilum, 
among them P. chrysogenum showed the highest activity 
(279.8696 U ml-1) followed by A. ustus (170.9435 U ml-1) and 
P. corylophilum (164.008 U ml-1) Table 3.

Fungal isolated from soil is considered a promising source 
of L-asparaginase production. In this study, some fungal 
isolates obtained from the Microbiology Branch at the Faculty 
of Science, Sana’a University have been screened thoroughly 
for production of the L-asparaginase enzyme. Results in the 
present study revealed that fungal isolates P. chrysogenum 
showed L-asparaginase activity of 279.8696 followed by A. 
ustus (170.9435 U ml-1) and P. corylophilum (164.008 U ml-

1) IU ml-1. These results were similar to results obtained by 
Bhosale and As-Suhbani [38] who reported that Penicillium sp. 
has an enzymatic activity of 307.114 IU ml-1 and Aspergillus sp. 
216.847 IU ml-1. Our indings also agreed with Vala, et al. [39] 
who studied the production of L-asparaginase from a marine-
derived Aspergillus niger strain AKV MKBU.

Table 1: Preliminary screening of fungal isolates for L-asparaginase production.

No. Fungal isolate
Number 
of tested 
isolates

High 
Production

Medium 
Production

Low 
Production

No 
Production

1 Aspergillus 
alutaceous

2 - - - 2

2 A. aureophilum 1 - 1 - -

3 A. melleus 2 - 1 1 -

4 A. nidulanus 1 - - - 1

5 A. sulphurs 1 1 - - -

6 A. terreus var. 
aureus

2 1 1 - -

7 A. terreus var. 
terreus

2 - - 2 -

8 A. ustus 5 4 1 - -

9 Eupencillium 
shearii

2 - 1 - 1

10 E. sinaceum 2 1 - - 1

11 Fusarium 
sacchari 1 1 - - -

12 F. semitectum 1 1 - - -

13 Paecilomyces 
lilicanus

2 - 1 - 1

14 Penicillium 
aurantiogriseum 

1 - 1 - -

15 P. chrysogenum 11 5 6 - -

16 P. citrinum 11 8 3 - -

17 P. corylophilum 1 1 - - -

18 P. expansum 2 - 1 - 1

19 P. funiculosum 1 - - - 1

20 P. glabrum 2 - - - 2

21 P. janthinellum 3 - 1 2 -

22 P. melinii Thom 7 3 4 - -

23 P. oxalicum 1 - 1 - -

24 P. spinulosum 1 - - 1 -

25 P. subturcoseum 2 2 - - -

26 P. velutinum 
Beyma 1 - - 1 -

27 P. verruculosum 7 - 4 - 3

28 Stachyobotrys 
elegans

2 1 - - 1

Total count of tested 
isolates 77 29 27 7 14

Table 2: Secondary screening of fungal isolates for L-asparaginase.

No. Fungal isolates Number of tested 
isolates

Number of L-asparaginase 
producers

1 A. sulphurs 1 1
2 A. terreus var. aureus 1 0
3 A. ustus 4 3
4 E. shearii 1 0
5 E. sinaceum 1 0
6 F. sacchari 1 1
7 Pae. lilicanus 1 0
8 P. chrysogenum 5 2
9 P. citrinum 8 2

10 P. corylophilum 1 1
11 P. melinii 3 1
12 P. subturcoseum 2 1
Total count of tested isolates 29 12

Table 3: Enzymatic activity of L-asparaginase.

Fungal isolate
Ammonium 

liberated
μg ml-1

Soluble Protein 
content
mg ml-1

Ammonium 
liberated
μmol ml-1

L-asparaginase 
activity
U ml-1

A. ustus 12.0666 80.5385 205.1322 170.9435
P. chrysogenum 19.7555 78.5357 335.8435 279.8696
P. citrinum FI 1 11.2222 87.0571 190.7774 158.9812
P. citrinum FI 2 4.6777 68.7942 79.5222 66.2685
P. corylophilum 9.9888 78.18 169.8096 164.008

 

 

 f 

ba

c d

e f
Plate 1: Shows the preliminary screening for L-asparaginase by fungal isolates, a. 
P. citrinum FI 1, b. A. ustus, c. P. corylophilum,d. P. chrysogenum, e. P. citrinum FI 
2 and f. medium without fungal isolates show an orange to yellow color indicating 
a negative result.
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Fungi have long been known as good enzyme producers. 
Their absorptive mode of nutrition requires an ef icient 
secretion of enzymes to decompose nutrients in the 
extracellular medium so that the presence of an inducer 
substrate usually activates the production of the enzyme 
required for its utilization. This makes fungi potential sources 
for the production of extracellular enzymes [40]. It has been 
observed that eukaryotic microorganisms like yeast and 
fungi have a potential for asparaginase production [41,42] 
For example, the mitosporic fungi genera such as Aspergillus, 
Penicillium, and Fusarium, are commonly reported in scienti ic 
literature to produce asparaginase [43,44].

Yemen with its diverse climatic region represents an 
excellent resource for bioactive compounds derived from 
microorganisms, but unfortunately, there are only a few 
available studies about this subject [45,46]. This is because 
of the circumstances of the country as a result of con lict and 
the lack of resources for studying these bioactive compounds 
which make it a dif icult issue for Yemeni researchers because 
they need more effort than other ields of Microbiology. More 
studies must be done in the future for the characterization 
of L-asparaginase and the production of it from alternative 
resources such as waste.

Conclusion
L-Asparaginase represents a good antitumor agent with 

effective treatment of lymphosarcoma and lymphoblastic 
leukemia. This enzyme could be obtained from different 
species which represent a good source for L-Asparaginase. 
Tested fungal isolates showed the ability to produce this 
enzyme either on solid or liquid media. Fungal isolates 
showed a high enzymatic activity when studied in submerged 
medium.
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