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ABSTRACT  
 

The increasing importance of L-Asparaginase (LAse) in recent years for its therapeutic applications as 
well as extensive uses in food industries prompted to utilize newer microbial sources for L-Asparaginase 
production. 

The present study aimed to isolate microbial species that produce LAse. In addition to, molecular 
identification of the most potent isolate for LAse enzyme activity. 

Sixty isolates of bacteria were isolated from various plant rhizosphere soils and were screened for their 
ability to produce L-asparaginase on modified M-9 solid medium containing asparagine as nitrogen source and 
phenol red as an indicator. The diameter of the produced pink (red) zone ranged between 0.01 and 2.7 cm. Four 
isolates; PS14, SF2, SO5 and SW5 showed the highest L-asparaginase activity among the isolates were selected. 
Nutritional and cultural conditions affecting the production of L-asparaginase by the tested isolates were 
optimized. Maximal production of L-asparaginase was recorded on the presence of sucrose 2.0 g/l and yeast 
extract 0.50% plus L-asparagine 0.50% in the production medium served as good carbon and nitrogen sources, 
respectively, and pH was adjusted to 7.5. The incubation temperature at 30°C and shaking speed at 150 rpm 
gave the highest yield of L-asparaginase after 48 h of incubation period for tested isolates using shake flasks as a 
batch culture. The enzyme yielding capacity from isolates PS14, SF2, SO5 and SW5 in the optimized medium 
were found to be 1.85 and 1.45, 1.26 and 1.21 folds higher than unoptimized medium, respectively. The potent 4 
isolates were differentiated based on nucleotide sequences of 16S rDNA gene. Phylogenetic analysis based on 
16S rDNA gene sequence revealed that these isolates belong to the genus Acinetobacter and genus Bacillus. The 
partial 16S rDNA gene sequences obtained in the present study were deposited in GenBank database under 
accession number KM235291, KM266616, KM266617 and KM266618 for PS14, SF2, SO5 and SW5 strains 
respectively. 
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Introduction 

 
L-Asparaginase (EC 3.5.1.1) is an enzyme that catalyzes the hydrolysis of asparagine to aspartic acid 

and ammonia. Asparaginases are naturally occurring enzymes expressed and produced by microorganisms. 
Different types of asparaginases can be used for different industrial and pharmaceutical purposes. The most 
common use of asparaginases is as a processing aid in the manufacture of food (Kornbrust et al., 2010). L-
Asparaginase is produced industrially by microbial fermentation. The microorganisms known to produce L-
Asparaginase include bacteria such as Erwinia cartovora (Aghaiypour et al., 2001 and El-Bessoumy et al., 
2004), E. coli, Pseudomonas aeruginosa (El-Bessoumy et al., 2004), Streptomyces albidoflavus (Narayana et 
al., 2008), Bacillus spp. (Hymavathi et al., 2009) and Nocardia levis (Kavitha and Vijayalakshmi, 2012). In 
addition, L-asparaginase plays a central role in the amino acid metabolism and utilization, where, in human 
body, it acts as a precursor of ornithine in the urea cycle and in transamination reactions forming oxalo-acetate 
in the gluconeogenic pathway leading to glucose formation (Hosamani and Kaliwal, 2011). 
 This enzyme is used for the treatment of selected types of haematopoietic diseases such as acute 
lymphoblastic leukaemia and non-Hodgkin lymphomas (Ravindranath et al., 1992 and Verma et al., 2007b). It 
is also using in food industry for the production of acrylamide free food (Pedreschi et al., 2008) and model 
enzyme for the development of new drug delivery system (Teodor et al., 2009).  

Studies on the molecular structure (Aung et al., 2000), catalysis (Kelo et al., 2002), clinical aspects 
(Narta et al., 2007), genetic determinants involved in regulation (Hüser et al., 1999) and stabilization to enhance 
biological half-life (Ó’Fágáin, 2003) of L-asparaginase have been reported. Molecular biology method of 16S 
rDNA sequence analysis method is an important tool for correct identification of microbial species (Poorani et 
al., 2009). Molecular markers such as the rRNA-encoding genes (rDNA) containing conserved and highly 
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variable areas provide good targets for the detection, identification and phylogeny of cultured and uncultured 
microorganisms at different levels of resolution (Amann et al., 1995). Literature indicated that the biochemical 
and kinetic properties of the enzyme vary with the genetic nature of the microbial strain used (Eden et al., 
1990), suggesting that there is a need to locate new sources of L-asparaginases those are serologically different 
but have similar therapeutic effects. Screening of L-asparaginase from different sources is become trivial as the 
other available sources have shown toxicity and immunological reactions (Verma et al., 2007b). Comparison of 
the bacterial 16S rRNA sequence has emerged as a preferred genetic technique. 16S rRNA sequence analysis 
can better identify poorly described, rarely isolated, or phenotypically aberrant strains, can be routinely used for 
identification of microorganisms, and can lead to the recognition of novel pathogens and non-cultured bacteria 
(Clarridge, 2004). Therefore, it is desirable to search for other L-asparaginase producing microorganisms with 
novel properties that can produce an enzyme with less adverse effects. This requires screening of samples from 
various sources for isolation of potential microbes which have the ability to produce the enzyme with novel 
properties.  

This study therefore, aims to isolate bacteria from various plant rhizosphere soil samples in Egypt and 
to screen for potential producers of L-asparaginase. Conditions of L-asparaginase production were optimized to 
achieve high enzyme production. Identify a new bacterial isolates based on 16S rRNA sequencing technique.  
 
Materials and Methods 
 

The present work was carried out at the Department of Agricultural Microbiology and the Genetics 
department, Faculty of Agriculture, Ain Shams University. 

  
Samples collection from soil environment 

 

Soil samples were collected from the rhizosphere of six plants in Qalubia governorate and Sharkia 
governorate, Egypt. Two rhizosphere plants were collected from the Fac. of Agric., Ain Shams Univ., Qalubia 
governorate namely; broad bean (Vicia faba) and wheat (Triticum sp.). Four rhizosphere plants were collected 
from Sekem, Belbeis Desert Road, Sharkia governorate namely thyme (Thymus vulgaris), sweet marjoram 
(Origanum vulgare), solanum (Solanum nigrum) and horehound (Marrubium vulgare). 
  

Isolation and screening of L-asparaginase producing bacteria 

 

Pour plates technique was used for isolation of L-asparaginase producing bacteria from different plant 
rhizosphere soil samples on modified M-9 solid medium (composition (g/l): Na2HPO4.2H2O, 6·0; KH2PO4, 3·0; 
NaCl, 0·5; glucose 2.0 L-asparagine, 5·0; 1 mol.l−1 MgSO4.7H2O, 2·0 ml; 0·1 mol.l−1 CaCl2.2H2O, 1·0 ml; 20% 
glucose stock, 10·0 ml; Agar, 15 and pH adjusted to 7) supplemented with 0.009 % phenol red dye as indicator 
(Gulati et al., 1997). After 4 days of incubation at 30°C, colonies with pinkish red zone (L-asparaginase 
producing bacterial colony) were picked up, purified, then maintained on nutrient agar slant and stored at 4°C 
(Jacobs and Gerstein, 1960). 
  

Inoculum preparation and fermentation process 

 

The nutrient broth medium was used for inoculum preparation. The medium was sterilized at 121°C for 
15 min. A 250 mL Erlenmeyer flask containing 100 mL of the medium was inoculated with a loopful of cells 
taken from a stock slant and incubated at 30°C on a rotary shaker at 150 rpm for 24 h. This culture was used as 
the seed culture. In batch culture, fermentation was carried out in 250 ml plugged Erlenmeyer flasks, each 
containing 100 ml sterile production medium (composition (g/l): Na2HPO4.2H2O, 6·0; KH2PO4, 3·0; NaCl, 0·5; 
L-asparagine, 5·0; 1 M  MgSO4.7H2O, 2·0 ml; 0·1 M CaCl2.2H2O, 1·0 ml; 20% glucose stock, 10·0 ml and pH 
adjusted to 7) and inoculated with 2% of standard inoculum containing about 6.5 ×107 cells/ml for tested 
bacterial isolates which incubated at 30ºC on rotary shaker at 150 rpm for 72 h. All the experiments were carried 
out at least in triplicate. Samples were taken periodically to determine the cell dry weight, pH and L-
asparaginase activity. 
 

Effect of medium components on L-asparaginase production 

 

In batch culture, growth, pH and L-asparaginase activity were studied on different carbon sources 
(fructose, galactose, glucose, lactose, maltose, mannitol, sodium citrate, sodium lactate and sucrose), and 
nitrogen source of the fermentation medium was replaced by equivalent nitrogen amount of each tested (L-
asparagin, beef extract, gelatine, peptone, tryptone, yeast extract, (NH4)2SO4 and NH4Cl). 

http://en.wikipedia.org/wiki/Marrubium_vulgare
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Effect of cultural condition on L-asparaginase production 

 

Different values of pH ranged between 6.0 and 9.0 were chosen for studying to select the most suitable 
initial pH of the fermentation medium for growth and L-asparaginase activity. To determine the optimum 
temperature was carried out at various temperatures in the range of 25, 30, 35, 40, 45 and 50ºC. Effect of 
agitation was also studied with varying speeds of 0 (static) to 250 rpm. 
 

Analytical procedures 

 

Cell dry weight was determined by centrifuging 10 ml of cell suspension, the pellets were used as 
source of cell dry weight, washing twice with distilled water and drying at 80°C to a constant weight. The pH of 
the culture was determined by pH meter (Hanna). Crude enzyme preparation after incubation, cultures were 
centrifuged at 10,000 xg for 15 min at 4°C and the supernatants were taken as the crude enzyme (Usha et al., 
2011). L-asparaginase activity was determined by measuring the amount of ammonia formed by nesslerization 
(Wriston and Yellin, 1973). A 0.5 ml sample of crude enzyme, 1.0 ml of 0.1 M sodium borate buffer (pH 8.5) 
and 0.5 ml of 0.04 M L-asparagine solution were mixed and incubated for 10 min at 37°C. The reaction was 
then stopped by addition of 0.5 ml of 15% trichloroacetic acid. The precipitated protein was removed by 
centrifugation, and the liberated ammonia was determined by direct nesslerization. Suitable blanks of substrate 
and enzyme-containing samples were included in all assays. The yellow color was read in a spectrophotometer 
(UNICO 2100 UV-vis) at 500 nm. The absorbance was then compared with a standard curve prepared from 
solutions of ammonium sulfate as the ammonia source. One international unit (U) of L-asparaginase is that 
amount of enzyme which liberates 1 μ mole of ammonia in 1 min at 37°C. 
 

Molecular identification of L-asparaginase producing bacteria by 16S rDNA sequence analysis 

     DNA extraction and partial sequencing of 16S rDNA 

 

The genomic DNA was extracted from the cultures of the four potent strains (PS14, SF2, SO5 and 
SW5) in nutrient agar Agar (PDA) by using GeneJet genomic DNA purification Kit (Thermo) according to the 
manufacturer’s instructions. Amplification of 16S rDNA by PCR was done using universal bacterial primer 
forward F (5`-TGCCGTCGCTCCTCAGCGTC-3ˊ) and reverse R (5`-TGCATGTGTTTAGGGCCTGA-3ˊ) 
described by Kavitha et al., (2010). Amplification was carried out in a 50 μl reaction volume. The thermal cycle 
(PCR) steps were applied as follows; 5 min initial denaturation at 95oC, followed by 30 cycles of 1 min 
denaturation at 95oC, 1 min primer annealing at 55oC, 1 min extension at 72oC and a final 10 min extension at 
72oC. The amplified DNA fragment was separated on 1% (w/v) agarose gel electrophoresis, eluted and purified 
using the Qiaquick gel extraction kit (Qiagen, Germany) following the manufacturer’s protocol (Nimnoi et al., 
2010). The purified PCR product was sequenced using the Big-Dye terminator kit ABI 310 Genetic Analyzer 
(Applied Biosystems, USA). 
 

      Phylogenetic analysis 

 

Sequence data of partial 16S rDNA was aligned and analyzed for finding the closest homologous 
microbes. The unknown query 16S rRNA nucleotide sequence was compared to nucleotide databases using 
BLASTN program that is available from the National Center for Biotechnology Information (NCBI, 2014) and 
retrieved from Gene Bank database. Nucleotide sequences were aligned using ClustalW software version 6.0 
(Higgins and Sharp, 1988; Thompson et al., 1994 and Thompson., et al., 1999). Neighbor-joining bootstrap 
method was used in the construction of a phylogenetic tree (Saitou and Nei, 1987) using the program in 
Molecular Evolution Genetics Analysis (MEGA) software version 6.0 (Tamura et al., 2007). The topological 
analysis was performed with 1000 bootstrap replicates. 
 

Statistical analysis 

 

The collected data were statistically analyzed using IBM® SPSS® Statistics software (2011) and the 
correlation coefficient was analyzed with Microsoft Office Excel 2010. 
 
Result and Discussion 
 
Isolation of L- asparaginase producing bacteria 
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Sixty isolates of bacteria were isolated from different plant rhizosphere soils, 29 bacterial isolates were 
obtained from of Fac. of Agric., Ain Shams Univ., Qalubia governorate; (20 bacterial isolates were obtained 
from broad bean (Vicia faba) and 9 isolates were taken from wheat (Triticum sp.)), 31 isolates of bacteria were 
isolated from Sekem, Belbeis Desert Road, Sharkia governorate; (8 bacterial isolates were obtained from thyme 
(Thymus vulgaris), 10 bacterial isolates were taken from sweet marjoram (Origanum vulgare), 7 bacterial 
isolates were obtained from solanum (Solanum nigrum) and 6 isolates of bacteria were isolated from horehound 
(Marrubium vulgare). The number of L-asparaginase producing bacteria, sources of isolation and the percentage 
of their incidence are presented in Fig. (1). The highest of isolates percentage was shown in samples obtained 
from broad bean rhizosphere soil; it was   33.33 % followed by isolates collected from sweet marjoram, wheat, 
thyme and solanum samples being 16.67, 15, 13.33 and 11.67 %, respectively. The lowest number was belonged 
to horehound sample, as 10 % of the total number of bacterial isolates.   

 

 
Fig. 1. The distribution percentage of L-asparaginase producing isolates obtained from different plants 

rhizosphere soil. 

Screening the obtained microbial isolates  

 

Screening of bacterial isolates for L- asparaginase activity was conducted by using the phenol red test 
as a preliminary study for selecting the L-asparaginase producers. After 3 days of incubation, all the 60 bacterial 
isolates showed pink zone around the colonies on modified M-9 agar medium containing phenol red as 
indicator, indicating increase in pH which originated from ammonia accumulation in the medium (Gulati et al., 
1997). The dye indicator is yellow at acidic condition and turns to pink at alkaline condition. These results are in 
agreement with those of Gulati et al., (1997) and Patil and Sawanth (2007) who screened the most efficient L- 
asparaginase producing bacterial isolates following this assay. Similarly, Sarquis et al., (2004) and Theantana et 
al., (2007) demonstrated that this method is very simple and rapid for the detection of L-asparaginase activity, it 
has been used for primary screening of L-asparaginase production from fungi such as Aspergillus spp., 
Penicillium spp., Fusarium spp. and endophytic fungi isolated from rhizosphere of Thai medicinal plants. 

These isolates were classified into three categories namely high, moderate and weak pink coloration 
zone for L-asparaginase production which exhibiting zone ranged from 0.8-2.7 cm, 0.09-0.70 cm and 0.01-0.08 
cm, respectively. The highest number of these isolates were presented in the second category (32 bacterial 
isolates) followed by first and third categories that were 18 and10 bacterial isolates, respectively (Table1). The 
most efficient isolates selected according to the high coloration zone diameter to colony diameter being 2.6, 2.7, 
2.6 and 2.7 cm diameter for isolates of PS14, SF2, SO5 and SW5, respectively. 

These results are in the same trends of Pradeep et al. (2010) who reported that the maximum zone was 
found in isolate TRB4 (1.2 cm dia) and the minimum zone was produced by the isolate TLB2 (0.8 cm dia) and 
pointed out the maximum enzyme activity was 0.45 IU/mg/ml by TRB4 isolate and isolate TLB2 showed the 
least activity of 0.30 IU/mg/ml. Similar screening of L-asparginase production by rapid plate assay in bacterial 
strains like Streptomyces sp. (Dhevagi & Poorani, 2006 and Basha et al., 2009) and Bacillus circulans 
(Prakasham et al., 2010) were reported. 

Data presented in Table (2) clearly show that only 4 out of 60 L-asparaginase producing bacterial 
isolates gave the highest value of L-asparaginase namely; PS14, SF2, SO5 and SW5 isolates which were the 
most efficient isolates selected. These isolates gave the maximum L- asparaginase activity being 15.22, 15.90, 
15.83 and 15.83 U/ml grown on modified M-9 broth medium at 30°C for 48 h using shake flasks as a batch 
culture, respectively. Whereas the other isolates (56 isolates) recorded different values of L-asparaginase ranged 
from 0.01 to 15.10 U/ml. 
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Table 1. The number of high, moderate and weak coloration zone for L-asparaginase producing bacterial isolates from different plant 
rhizosphere soils on modified M-9 agar plates containing phenol red as indicator after 48 h of incubation  period at 30°C.         

dia in cm= Diameter of pink zone (cm). 

Table 2. Cell dry weight, pH and L- asparaginase activity for bacterial isolates grown on modified M-9 medium at 30°C for 48 h using shake 

flasks as a batch culture.   

Isolate 
No. 

 

CDW 
(g/l) 

pH 
 

LAse 
activity 
(U/ml) 

Isolate 
No. 

 

CDW 
(g/l) 

pH 
 

LAse 
activity 
(U/ml) 

Isolate 
No. 

 

CDW 
(g/l) 

pH 
 

LAse 
activity 
(U/ml) 

PS1 1.29a 8.99g 2.45no SF1 0.65h 7.84qr 0.04u H4 0.34k 8.47k 8.99h 
PS2 1.25ab 9.61d 12.64e SF2 0.15n 9.57e 15.90a H5 0.22lm 8.11o 2.88m 
PS3 0.98e 8.02pq 3.38l SF3 0.22lm 8.14no 8.30l H6 0.09op 8.01pq 2.32no 
PS4 1.10d 8.79i 1.81r SF4 0.20lm 7.76r 0.04u SW1 0.21lm 7.61 s 0.04u 
PS5 0.92f 7.79r 0.02uv SF5 0.07opq 7.61 s 0.01uv SW2 0.18m 8.32l 4.22jk 
PS6 0.13no 9.70c 9.21g SF6 0.20lm 7.55 0.01uv SW3 0.21lm 8.05p 2.05p 
PS7 0.96e 9.72c 14.13d SF7 0.08op 8.86h 15.10c SW4 0.24l 8.11o 3.88t 
PS 8 1.17c 8.49k 1.97pq SF8 0.15n 7.66s 0.02uv SW5 0.18m 9.91a 15.83ab 
PS9 1.22c 8.60j 6.50i SF9 0.06opq 7.61 s 0.01uv SW6 0.07opq 8.21mn 6.11o 
PS10 0.66h 9.52e 11.65f T1 0.12o 8.00pq 0.89t SW7 0.11o 8.33l 8.54j 
PS 11 1.22c 8.63j 8.35h T2 0.24l 8.32l 4.89pq SW8 0.09op 8.05p 1.09st 
PS 12 1.21bc 8.61j 7.39hi T3 0.21lm 8.24m 4.11s SW9 0.16n 8.22m 2.67mn 
PS 13 0.38k 8.47k 5.00ij T4 0.07opq 8.00pq 0.88t SW10 0.08op 8.03pq 1.98p 
PS14 0.72g 9.84b 15.22bc T5 0.08op 8.07p 0.01uv SO1 0.12o 7.88 qr 0.02uv 
PS 15 1.18c 8.17n 0.01uv T6 0.04z 8.00pq 0.95t SO2 0.16n 8.00pq 1.04st 
PS 16 1.08d 8.11o 2.40no T7 0.08op 8.15no 2.65mn SO3 0.10op 8.75i 4.98ij 
PS 17 0.35k 7.60s 0.01uv T8 0.09op 8.07p 3.22l SO4 0.11o 8.06p 1.99p 
PS 18 0.48ij 7.35tu 0.04u H1 0.11o 8.00 pq 2.89m SO5 0.23l 9.47f 15.83ab 
PS 19 0.51i 7.39tu 0.01uv H2 0.21lm 9.78c 14.14d SO6 0.18m 8.23m 3.67k 

PS 20 0.53i 7.44t 0.01uv H3 0.26l 8.21mn 3.76k SO7 0.14no 8.00pq 1.54rs 
PS = Broad bean,   SF= Wheat,     T= Thyme,    H= Horehound,    SW= Sweet marjoram,     SO= solanum .CDW= Cell dry weight,        
LAse = L-asparaginase. 
Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan’s (1955) at 5 % 
level. 

 
Effect of carbon and nitrogen on L-asparaginase production using shake flasks as a batch culture 

 

An experiment was carried out to investigate the effect of different carbon sources on the production 
of L-asparaginase. Nine carbon sources were used as illustrated in Fig. (2 A). The amount of 2 g/l glucose of 
the basal medium was replaced by the same concentrations of different carbon sources, calculated on the carbon 
base. It was found that sucrose was the best one as a sole carbon source which gave the highest cell dry 
weight being 2.49, 1.61, 2.66 & 1.82 g/l, 9.10, 9.08, 9.02 & 9.11 of pH value and 23.59, 16.39, 16.15 & 
16.38 U/ml of L-asparaginase activity by PS14, SF2, SO5 and SW5 isolates, respectively, after 48 h at 30°C 
using shake flasks as a batch culture. Sucrose results were followed, in descending order by lactose, glucose 
and fructose. It was stated that the microbial synthesis of L-asparaginase is under catabolic repression and 
requires less amount of carbon source (Geckil et al., 2004). Baskar & Renganathan (2011) observed that the 
maximum L-asparaginase activity was 19.04 U/ml using glucose as carbon source followed by fructose and 
lactose with 13.65 U/ml and 10.45 U/ml, respectively, by Aspergillus terreus MTCC 1782. 

Hence, the sucrose was used for further optimization. The effect of various sucrose concentrations was 
studied to determine its optimum concentration. So, six concentrations of sucrose were used ranged between 0.5 
and 3 g/l. sucrose 2.0 g/l proved to be the best concentration for L-asparaginase activity by isolates of PS14, 

SF2, SO5 and SW5 are given in Fig. (2B). The data were analyzed statistically and a high positive correlation 
coefficient (R2) ranged between 0.92-0.98, 0.84-0.97 and 0.97-1 were detected between sucrose concentrations 
and each of cell dry weight, pH and L-asparaginase activity by all the tested isolates, respectively. Baskar & 
Renganathan (2011) found that L- asparaginase activity increased by A. terreus MTCC 1782 when glucose 

Different sources of  isolates 

Number of L-asparaginase producing isolates 

Total no. 

isolates 

Coloration zone (dia in cm) 

High Moderate Weak 

0.8-2.7 0.09 - 0.7 0.01-0.08 

Broad bean (PS) 

Horehound (H) 

Solanum (SO) 

Sweet marjoram (SW) 

Thyme  (T) 

Wheat (SF) 

20 

6 

7 

10 

8 

9 

5 

3 

1 

2 

4 

3 

12 

3 

5 

7 

3 

2 

3 

0 

1 

1 

1 

4 

Total 60 18 32 10 
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concentration varied from 0.2% to 0.4% (w/v). However, Amena et al., (2010) stated that maltose (0.5%) 
proved to be the best carbon for from 

 
Fig. 2. Cell dry weight (g/l), pH value and L-asparaginase activity (U/ml) for the tested bacterial isolates after 

48 h at 30°C using shake flasks as a batch culture.  (A) Using different carbon sources. (B) Using 
different sucrose concentrations (g/l). 

 
Streptomyces gulbargensis.  
 

To evaluate the effect of nitrogen source on L-asparaginase formation in the best 4 tested bacterial 
isolates, the nitrogen source in the basal medium was replaced by different nitrogen sources. Data revealed that 
supplementation of different nitrogen sources and mixture of asparagine & different nitrogen sources stimulated 
the L-asparaginase activity. Using mixture of asparagine and different nitrogen sources gave positive L-
asparaginase activity more than non-mixture. Results recorded in Table (3) clearly show that the mixture of L-
asparagine and yeast extract were the best nitrogen source for PS14, SF2, SO5 and SW5 isolates giving 2.68, 
2.06, 2.79 and 2.14 g/l of cell dry weight, 9.51, 9.25, 9.23 and 9.45 of pH values and 26.05, 19.99, 19.11 and 
18.89 U/ml L-asparaginase activity, respectively after 48 h on 30°C using shake flasks as a batch culture. 
Baskar and Renganathan (2011) mentioned that 1 % L-asparagine, 1% yeast extract and 0.6% peptone were the 
optimum concentration for maximum L-asparaginase activity of 20.05 IU/ml by A. terreus MTCC 1782. Yeast 
extract was reported to be suitable nitrogen source for L-asparaginase production by Nocardia levis (Kavitha 
and Vijayalakshmi, 2012). 

It was interesting to study the effect of nitrogen concentrations added as a mixture of L-asparagine and 
yeast extract. Different yeast extract concentrations ranged from 0.25, 0.50 and 0.75 % were used with constant 
level of L-asparagine (0.50 %) and different L-asparagine concentrations ranged from 0.25, 0.50 & 0.75 % were 
used with constant level of yeast extract (0.50%). Data illustrated in Fig. (3) show that the suitable 
concentrations of L-asparagine plus yeast extract were found to be 0.50 + 0.50 %, respectively, which gave the 
highest L-asparaginase activity. A high positive correlation coefficient was recorded between sucrose 
concentrations and each of pH (R2 values ranged from 0.84-1) and L-asparaginase activity (R2 values ranged 
from 0.82-0.99) with all the tested isolates. A positive correlation coefficient of cell dry weight was high by both 
isolates SF2 and SO5 (0.98 and 0.72), moderate (R2=0.59) by SW5 isolate and low (R2= 0.29) by PS14 isolate.  
These results are closed to those of Verma et al., (2007a); Warangkar and Khobragade (2009) and Kavitha and 
Vijayalakshmi (2012) observed that yeast extract was important for the cell mass and L-asparaginase formation, 
but L-asparaginase synthesis was inhibited at high concentrations. L-asparaginase-I is constitutive and L-
asparaginase-II is secreted in response to N starvation (Dunlop et al., 1978). 
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Effect of cultural conditions on L-asparaginase production using shake flask as a batch culture 
 

To study the effect of initial pH, temperatures and shaking speed on L-asparaginase activity of tested 
isolates, the isolates were grown in pH ranged between 5.0 and 9.0, different degrees of incubation temperatures 
namely; 25, 30, 35, 40, 45 and 50°C were carried out with shaking speed ranged between 0 and 250 rpm. 

 
Table 3. Effect of different nitrogen sources on production of L-asparaginase by tested bacterial isolates on modified M-9 medium after 48 

h at 30°C using shake flasks as a batch culture. 

Nitrogen 
sources 

Bacterial isolates 
PS14 SF2 SO5 SW5 

CDW 
(g/l) 

pH 
value 

LAse 
activity 
(U/ml) 

CDW 
(g/l) 

pH 
value 

LAse 
activity 
(U/ml) 

CDW 
(g/l) 

pH 
value 

LAse 
activity 
(U/ml) 

CDW 
(g/l) 

pH 
value 

LAse 
activity 
(U/ml) 

(A)  
Asparagine 
(Control) 

2.49g 9.10lmno 23.59f 1.61wx 9.08nop 16.39w 2.66d 9.02q 16.15y 1.82t 9.11klmn 16.38w 

Beef extract 2.00p 7.50F 3.00RS 1.68v 7.65D 2.10T 2.72b 7.42G 3.46R 1.84t 7.21H 1.05U 

Gelatine 1.12D 7.99AB 8.98J 1.15C 7.89C 7.30N 0.99F 7.54F 5.34P 0.96F 7.59E 6.00O 

Peptone 2.50fg 7.99AB 8.91JK 1.82t 7.86C 7.31N 1.55y 7.53F 5.10PQ 1.09E 7.87C 7.55N 

Tryptone 2.52f 8.22x 11.29GH 1.82t 8.03z 9.67I 1.59x 7.96B 8.76KL 1.22B 8.00zA 8.14M 

Yeast extract 2.56e 8.78s 18.56l 1.84t 8.45v 14.22B 2.46h 8.58u 16.33x 1.83t 9.01q 11.76G 

(NH4)2SO4 2.36j 8.69t 16.66uv 2.00p 8.58u 14.10C 1.99q 8.00zA 13.92D 1.64wx 9.07op 12.56E 

NH4Cl 2.20l 8.35w 16.08z 1.94qr 8.55u 12.23EF 1.73u 8.09y 14.50A 1.49z 8.89r 9.00J 

(B) Mixture Asparagine + 

Beef extract 2.15m 9.13jkl 23.77e 1.69v 9.09mnop 17.12s 2.70b 9.00q 17.04t 1.95qr 9.11klmn 17.26r 

Gelatine 2.29k 9.16ij 23.91d 1.44A 9.08nop 17.56qr 2.69c 9.06p 17.67qr 1.88s 9.14ijk 17.88q 

Peptone 2.57e 9.22gh 24.18cd 1.83t 9.07op 16.64uv 2.65cd 9.12klm 18.65k 2.10n 9.17i 18.20o 

Tryptone 2.58e 9.27de 24.44c 1.93r 9.00q 16.87u 2.73b 9.13jkl 18.89j 2.10n 9.33c 18.34n 

Yeast extract 2.68c 9.51a 26.05a 2.06o 9.25defg 19.99g 2.79a 9.23fgh 19.11h 2.14m 9.45b 18.89j 

(NH4)2SO4 2.44i 9.28d 25.13b 2.05o 9.11klmn 19.01i 2.73b 9.17i 18.10p 2.00p 9.26def 18.50lm 

NH4Cl 2.26k 9.25defg 25.08b 1.97q 9.10lmno 18.19o 2.70b 9.20h 18.94ij 1.97q 9.24efgh 18.42m 
CDW = Cell dry weight,   LAse = L-asparaginase   (A) The nitrogen source in the basal medium was replaced by different nitrogen sources      
(B) Mixture of L-asparagine and different nitrogen sources. 
Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan’s (1955) at 5 % level 

 

Fig. 3. Cell dry weight (g/l), pH value and L-asparaginase activity (U/ml) by tested bacterial isolates as 

influence different L-asparagine + yeast extract concentrations (%) after 48 h at 30 °C using shake 

flasks as a batch culture.   
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L-asparaginase yield for the best 4 isolates appeared to depend on pH values. It is obvious from data in 
Fig. (4 A) that growth, pH and L-asparaginase activity, gradually increased as the pH values increased from 7.0 
to 8.0 and reached its maximum levels at 7.5 value for PS14, SF2, SO5 and SW5 isolates being 2.71, 2.23, 2.85 
& 2.31 g/l of cell dry weight, 9.55, 9.34, 9.47 & 9.49 of pH and 28.17, 23.11, 20.01 & 19.22 U/ml of L-
asparaginase activity, respectively. These isolates showed a significant decrease in L-asparaginase activity, the 
final pH of the medium was approximately 5.0- 6.5. Data in Table (4) recorded that the statistical analysis 
revealed a high positive correlation coefficient (R2) between initial pH and each of cell dry weight (R2 values 
ranged from 0.75-0.82), pH (R2 values ranged from 0.72-0.94) and L-asparaginase activity (R2 values ranged 
from 0.78-0.90) for the tested isolates, except for isolate SO5 which showed moderate correlation coefficient 
(R2) for cell dry weight being 0.68.  

By estimating L-asparaginase activity at different degrees of incubation temperatures we noticed that 
the four bacterial isolates adapt very well. Data illustrated by Fig. (4B) show that the temperatures from 30 to 
40°C achieved the highest L-asparaginase activity in the tested isolates which reached its maximum levels at 
30°C. At high temperatures of 45 and 50°C, the four bacteria were able to grow and thus produce L-asparaginase 
in culture, although their degree of production has significantly decreased compared to the optimal production 
temperature. Also it could be noticed from Table (4) that the values of correlation coefficient (R2) between 
incubation temperatures and each of cell dry weight, pH  and L-asparaginase activity for all tested isolates 
ranged from 0.81-0.94, 0.88-0.98 and 0.89-0.99 with a high positive correlation coefficient, respectively.    

Concerning the effect of shaking speed on growth and L-asparaginase activity, it was found in Fig. (4 
C) that the maximum growth, pH and enzyme activity were obtained at the shaking speed range from 150-200 
rpm which reached maximum value at shaking speed 150 rpm for tested bacterial isolates, and declined sharply 
at lower levels of shaking speed. The lowest enzyme activity of 5.11, 5.14, 6.67 and 4.56 U/ml for PS14, SF2, 
SO5 and SW5 isolates, respectively, at 0 rpm (under static condition) was observed. A high positive 
correlation coefficient was recorded between shaking speed and each of cell dry weight (R2 values ranged from 
0.79 to  0.88), pH (R2 values ranged from 0.81 to 0.98) and L-asparaginase activity (R2 values ranged from 0.87-
0.93) for all tested isolates (Table 4). 

The obtained data confirmed the findings of Warangkar and Khobragade (2009) mentioned that 
asparaginase production and activity from Erwinia carotovora were higher when media was adjusted at pH 7.0 
and temperature 28ºC. Also, Amena et al., (2010) have reported that the optimum pH, temperature, and agitation 
speed for enzyme production by Streptomyces gulbargensis were pH 8.5, 40°C, and 200 rev/min respectively. 
Baskar and Renganathan (2011) found that the initial pH 6, incubation temperature 35°C and agitation rate of 
160 rpm were identified as the best operating conditions for the maximum L-asparaginase activity of 24.10 
IU/ml by A. terreus MTCC 1782. Kavitha and Vijayalakshmi (2012) revealed that L-asparaginase production by 
Nocardia levis MK-VL 113 was high when grown in modified ISP-5 broth with initial pH 7.0 for 72 h at 30°C. 
 
Table 4. Correlation coefficient (r2) among cultural conditions (initial pH, incubation temperatures or shaking speed) and each of Cell dry 

weight, pH and L-asparaginase for isolates of PS14, SF4, SO5 and SW5. 

Cultural conditions Bacterial isolates 
CDW (g/l) pH LAse activity (U/ml) 

r2 r2 r2 
Initial  
pH 

PS14 0.80 0.82 0.78 

SF4 0.75 0.94 0.90 
SO5 0.68 0.72 0.87 
SW5 0.82 0.84 0.82 

Incubation  
temperatures 
(°C) 

PS14 0.89 0.94 0.94 

SF4 0.92 0.98 0.99 
SO5 0.81 0.88 0.99 
SW5 0.94 0.88 0.98 

Shaking  
speed 
(rpm) 

PS14 0.82 0.82 0.89 

SF4 0.88 0.98 0.93 
SO5 0.85 0.81 0.87 
SW5 0.79 0.94 0.88 

CDW= Cell dry weight,          LAse = L-asparaginase. 
r2 range: Low r2 : 0.01 – 0.49 , Moderate r2: 0.5 – 0.69 , High r2 : 0.7 – 1 . 
 

Molecular identification of L-asparaginase producing bacteria 

Molecular identification and classification in base of 16S rDNA sequence analysis is an important tool 
for correct identification of microbial species than morphological, physiological and biochemical 
characterization due to cumbersome and time-consuming (Poorani et al., 2009). 

Therefore, the most potent isolates (PS14, SF2, SO5 and SW5) with high potentiality for L-
asparaginase production were selected and identified using 16S rRNA gene sequence analysis for classification 
and to further confirm the sub-species level. The sequences were published in the NCBI databases under the 
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specific accession numbers. The genomic DNA of these isolates were amplified and analyzed for sequencing 
and phylogenetic analysis using PCR amplification of 16S rDNA gene. The results revealed efficient 
amplification; a single band of amplified DNA product of ∼800 bp was recorded (Fig. 5). The resulting PCR 
product was sequenced and the DNA sequences were published in the NCBI databases under the specific 
accession numbers (Table 5). 

 

 
Fig. 4. Cell dry weight (g/l), pH value and L-asparaginase activity (U/ml) for the best bacterial isolates as 

influence by culture conditions after 48 h using shake flasks as a batch culture. (A) using different pH 

values   (B) using different temperatures °C   (C ) using different shaking speeds (rpm). 

 
Table 5. The four bacterial strains and L-asparaginase activity, their accession numbers published sequences at the NCBI . 
Bacterial isolates Accession No.* Description LAse activity (U/ml) 
PS14 KM235291 Acinetobacter radioresistens strain PS14 16S ribosomal 

RNA gene, partial sequence. 
28.17 

SF2 KM266616 Bacillus subtilis strain SF2 16S ribosomal RNA gene, 
partial sequence. 

23.11 

SO5 KM266617 Bacillus marisflavi strain SO5 16S ribosomal RNA 
gene, partial sequence. 

20.01 

SW5 KM266618 Bacillus subtilis strain SW5 16S ribosomal RNA gene, 
partial sequence. 

19.22 

* These accession numbers has been registered in Genebank by this research work. 
LAse=  L-Asparaginase 
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Fig. 5. PCR products for 16S gene with the four bacterial isolates M: 1kbp DNA ladder. 
 
.  

The results of PCR sequences were compared with the other sequenced bacteria in the National Center 
for Biotechnology Information (NCBI) (www.ncbi.nlm.nih.gov) in GenBank and the Ribosomal Database 
Project (RDP) (www.cme.msu.edu/RDP/html/index.html) database showed similarity of derived sequences with 
some sequences belonging to the 16S small subunit rDNA of other bacteria. 

Edited sequences were used as queries in BLASTN searches (http://blast.ncbi.nlm.nih.gov/Blast.cgi), 
to determine the nearest identifiable match present in the complete GenBank nucleotide database. Phylogenetic 
tree was constructed by taking the sequences obtained in the blast search. Sequences obtained from BLASTN 
(nucleotide blast) were obtained in FASTA format and relation between each sequence could be known by 
multiple sequence alignment using a software CLUSTAL algorithm.  

Phylogenetic tree was constructed using (MEGA6) software version 6.0 (Tamura et al., 2007 and 
Tamura et al., 2013) based on the sequence of 16S rDNA. The tree was generated using neighbor joining (NJ) a 

distance-based algorithm for phylogenetic analysis. Bacterial isolates (PS14, SF2, SO5 and SW5) were 
clustered into two major clades with reasonably high bootstrap support of values (Fig. 6). The analysis of 16S 
rDNA sequences demonstrated that the sequences of three isolates were most closely related to Bacillus spp., 
which constructed the first clade and the other isolate including Acinetobacter spp. (one isolate) was constructed 
the second clade, showed common ancestor with the first clade (Fig. 6). Phylogenetic analysis based on partial 
16S rRNA gene sequence indicated that the isolate PS14 belonged to the genus Acinetobacter. The sequence of 
this isolate was most closely related to Acinetobacter radioresistens strain NBRC 102413 (97 % similarity). The 
16s rRNA gene analysis consisting of 599 nucleotides was submitted to the GenBank with accession number 
KM235291 (Fig. 6). 

Phylogenetic tree was constructed to illustrate the evolutionary relationship between strains and most 
closely related strains of species of the genus Acinetobacter and Bacillus. It revealed that the strain PS14 is a 
new strain of Acinetobacter radioresistens strain named PS14. 

The bootstrap values indicate confidence limits of the phylogenies, based on percentages of 10000 
replications. The scale bar corresponds to 0.05 nucleotide substitution per site. (GenBank sequence accession 
numbers given in parentheses). 

Based on 16s rRNA gene sequence analysis, isolates SF2, SO5 and SW5 were grouped into genus 
Bacillus with 99% bootstrap support. SF2 isolate was identified as Bacillus subtilis strain SF2 (675 base pairs) 
with accession number (KM266616) in GenBank. The sequence of this strain was most closely related to 
Bacillus subtilis subsp. spizizenii strain ATCC 6633 with pairwise sequence similarity of 99% (Table 4). SO5 
isolate was identified as Bacillus subtilis strain SO5 with 540 base pair in length. The GenBank accession 
number of SO5 strain was KM266617. Blast analysis denoted 99% similarity to Bacillus subtilis subsp. 

spizizenii strain NBRC 101239. SW5 isolate was identified as Bacillus marisflavi strain with 868 nucleotides 
with accession number (KM266618) in GenBank. Blast analysis denoted 99% similarity to Bacillus anthracis 
strain ATCC 14578. 

Results of the 16S rRNA gene sequencing analysis confirmed the identity of these bacterial strains as 
Acinetobacter radioresistens (PS14), Bacillus subtilis (SF2), Bacillus marisflavi (SO5) and Bacillus subtilis 
(SW5). The 16S rRNA gene partial sequences were submitted to GeneBank database accession number 
KM235291, KM266616, KM266617 and KM266618, respectively (Table 4). These strains can be considered as 
new and futuristic potential source of L-asparaginase for clinical and food industry applications.  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3209906/figure/Fig1/
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In this study, potent L-asparaginase producing bacteria belong to Acinetobacter and Bacillus genera. 
Three out of the 4 isolated bacterial strains belong to genus Bacillus. Kamble et al., (2012) have isolated L-
asparaginase producing bacteria from water, saline and farm soils. They were belonged to the genera 
Pseudomonas aeruginosa, E.coli, Serratia spp., Bacillus, Aeromonas and Proteus species. Ebrahiminezhad et 
al., (2011) isolated 32 bacteria from Maharloo salt lake in the south of Shiraz, Iran. The most bacterial isolates 
were Bacillus.  

 

Fig.  6. Neighbour-joining tree based on 16S rRNA gene sequences showing the positions of the 4 potent 
producing L-asparginase bacteria (PS14, SF2, SO5 and SW5).  

 
Conclusions 

Several bacterial isolates were isolated from different plant rhizosphere soils, (broad bean, wheat, 
thyme, marjoram and solanum) and were capable of L-asparaginase production. Among these isolates, four 
isolates PS14, SF2, SO5 and SW5 were found to produce the highest L-asparaginase activity of 28.17, 23.11, 
20.01 and 19.22 U/ml grown on modified M-9 medium at 30°C for 48 h using shake flasks as a batch culture, 
respectively after optimization. Upon molecular characterization based on 16S rDNA gene sequence, the 
identified strains revealed that the firet strain is a member of the genus Acinetobacter, while the other three 
strains are members of the genus Bacillus with Accession ID KM235291, KM266616, KM266617 and 
KM266618 for PS14, SF2, SO5 and SW5 strains respectively. 

The four Egyptian isolates are eco-friendly and useful to produce bulk quantity of LAse and consider as 
new potential strains for LAse production. 
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