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ABSTRACTS 
 

L-asparaginase is extracellular enzyme that can be secreted by several microorganisms, making 
interesting the biodiversity exploration for searching new microorganisms able to produce this enzyme. Many 
agro-industrial residues can be used as potential substrates for production of enzyme. The main objective of this 
work was to select a cheap agro-industrial residues for higher L-asparaginase production by four bacterial 
strains namely, Acinetobacter radioresistens PS14, Bacillus subtilis SF2, Bacillus marisflavi SO5 and Bacillus 
subtilis SW5. The maximum amount of enzyme was obtained during propagation A. radioresistens PS14 and B. 
subtilis SW5 on black strap sugar cane molasses as carbon source as well as B. subtilis SF2 and B. marisflavi 
SO5 on sesame hulls as a sole carbon source. The addition of by-product such as corn steep liquor was used as 
nitrogen source plus L-asparagine gave the highest yield of enzyme in productive medium. A low price 
productive medium composed of black strap sugar cane molasses or sesame hulls as carbon source, corn steep 
liquor plus L-asparagine as nitrogen source and a mixture of elements were suggested for L-asparaginase 
production by tested strains grown in a shake flasks as a batch culture at 30°C for 48 h of fermentation period 
expected for A. radioresistens PS14 was grown for 60 h of fermentation period. Moreover, the highest specific 
sugar consumption (μs) was noticed during the period of 12-18 h for A. radioresistens PS14 and 6-12 h for B. 
subtilis SF2, B. marisflavi SO5 and B. subtilis SW5. Also, specific production rate (μp) of enzyme was obtained 
during the period of 6 -12 h for B. subtilis SW5 and 12 - 18 h for A. radioresistens PS14, B. subtilis SF2 and B. 
marisflavi SO5. 

Screening for carcinogenicity of the L-asparaginase crude extract indicated that the crude enzyme 
preparation produced by B. subtilis SF2 and A. radioresistens PS14 strains has evidence of genotoxic potential 
using warts-based SMART assays Meanwhile, B. marisflavi SO5 and B. subtilis SW5 strains were safe and 
showed clearly negative results.  

Accordingly, the results of this study suggested B. marisflavi SO5 and B. subtilis SW5 strains are 
promising candidate for producing safely L-asparaginase enzyme that has been used as antitumor agent.  
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Introduction 
 

A Large amount of waste are generated through agricultural practices, some industries, and can cause 
an environmental pollution problem. Environmental pollution is a worldwide threat to public health. Biological 
degradation, for both economic and ecological reasons, has become an increasingly popular treatment of 
agricultural and industrial wastes (Milala et al., 2009). Continuous accumulation of industrial wastes causes a 
serious environmental problem (Liu and Yang, 2007; Milala et al., 2009 and Karmakar & Ray, 2010). 
Microorganisms possess an efficient hydrolytic system capable to convert agro-industrial wastes to essential 
metabolites for value-added products such as ethanol, amino acids, enzymes, and other products (Abbot et al., 
2009 and Okonko et al., 2009). L-asparaginase production using microbial systems has attracted considerable 
attention, owing to the cost-effective and eco-friendly nature. A large number of microorganisms such as 
filamentous fungi, yeasts, and bacteria have proved to be beneficial sources of this enzyme (Elzainy and Ali, 
2006; Ferrara et al., 2006 and Prakasham et al., 2007). The most productive species belong to the genera 
Serratia, Erwinia, Enterobacter, Pseudomonas, Bacillus, Saccharomyces, Streptomyces and Nocardia (El-
Bessoumy et al., 2004; Ferrara et al., 2006; Narayana et al., 2008; Hymavathi et al., 2009 and Kavitha & 
Vijayalakshmi, 2012). Microbes are the better source of L-asparaginase, because they can be cultured easily and 
the extraction and the purification of L-asparaginase from them are also convenient, facilitating the large scale 
production (Patro et al., 2011). Biological production of any enzyme is a highly complex process, which 
involves several catalytic reactions and regulatory parameters at environmental, biochemical and genetic level 
(Fisher and Wray, 2002; Sreenivas et al., 2004 and Prakasham et al., 2005).The enzyme has been intensively 
investigated over the past two decades owing to its importance as anti-neoplastic agent used in the 
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lymphoblastic leukemia chemotherapy and in children with acute lymphoblastic leukemia (ALL) (Verma et al., 
2007; Amena et al., 2010 and Rajamanickam et al., 2010). This enzyme acts as a catalyst in the breakdown of 
asparagine to aspartic acid and ammonia (Hill et al., 1967). It has received increased attention in recent years for 
its anticarcinogenic potential. For these reasons L-asparaginase has established itself to be an indispensable 
component (Venil et al., 2009). Anticancer compounds have been isolated and studied in many of the microbes 
with special reference to their antioxidant activities (Krishnaveni and Ragunathan, 2012). Many investigators 
have reported that L-asparaginase inhibits tumor growth in mouse, rat, dog and human, through the inhibition or 
deletion of tumor-specific cells (Miura et al., 1971). 

Hence, the objectives of the present investigation were to produce extra-cellular L-asparaginase from 
selected bacterial strains using agro-industrial wastes and by-products under submerged fermentation. The 
enzyme was partially purified to near homogeneity by ammonium sulfate fractionation. The work was then 
extended to evaluate the antitumor activity of the partially purified enzyme using the somatic mutation and 
recombination test (wts-based SMART) on Drosophila melanogaster. This test is a variation of the well-known 
Drosophila somatic mutation and recombination test (SMART), where mostly recessive markers have been used 
leading to visible phenotypes in the eyes and wings of the fly. This test based on the warts (wts) gene, this gene 
is directly involved in the cell cycle regulation (Xu et al., 1995) and its homologues, also found in mice and 
human, are tumor suppressor genes in mice and human (Xu et al., 1995 and John & Xu., 1997). The function of 
this gene is highly conserved in evolution. Induction of tumors allows one to draw closer analogy between the 
activity of a substance in a SMART test in Drosophila and its potential carcinogenic hazard to humans. 
 

Material and methods 
 
Microorganisms and fermentation condition 
 

The bacterial strains, Acinetobacter radioresistens PS14, Bacillus subtilis SF2, Bacillus marisflavi SO5 
and Bacillus subtilis SW5 were used in this study for L-asparaginase production. These bacterial strains were 
previously identified based on genomic DNA by Aboutaleb and Ebeed (2013). The bacterial cultures were 
grown on nutrient agar slants for 24 h at 30°C and kept at 4°C until used. Inoculum was prepared by adding a 
loopful of each culture from nutrient agar slants to nutrient broth and incubating in a shaker (150 rpm) at 30 °C. 
After 24 h of incubation, each 2% (v/v) of inoculum was added to the production media modified by Aboutaleb 
and Ebeed, (2013). L-asparaginase production was carried out under submerged fermentation using the 
following modified medium (Aboutaleb and Ebeed, 2013) components (g/l): sucrose, 2.0; Na2HPO4.2H2O, 6·0; 
KH2PO4, 3·0; NaCl, 0·5; L-asparagine, 5·0; yeast extract, 5.0; 1M MgSO4.7H2O, 2·0 ml; 0·1M CaCl2.2H2O, 1·0 
ml; and pH adjusted to 7.5 before sterilization. The submerged fermentation cultures were incubated at 30ºC on 
rotary shaker at 150 rpm for 48h. All the experiments were carried out at least in 3 replicates. Samples were 
taken after 48 h to determine the cell dry weight, pH and L-asparaginase activity. 

 
Experimental design 
 
  The effect of different agro-industrial wastes and by-products on the production of L-asparaginase  
 

The first experimental design consists of six carbon sources (sugar cane bagasse, glucose syrup, black 
strap sugar cane molasses, sesame hulls, potato starchy waste and whey) were used as agro-industrial wastes 
and/ or by-products in the basic culture, while the nitrogen source (L-asparagine and yeast extract) was constant. 
The second experimental design includes three nitrogen sources (soybean husk, corn steep liquor (CSL) and 
wheat bran) were used as agro-industrial wastes and by-product in the basic culture whilst the carbon source 
(sucrose) was constant. Different carbon and nitrogen sources were replaced by equivalently to the original 
carbon and nitrogen amounts in basic medium. In the third experimental design incorporates combination 
between the best agro-industrial wastes and/ or by-products as carbon (black strap sugar cane molasses or 
sesame hulls) and nitrogen sources (L-asparagine and corn steep liquor) was applied. 

 
Biological activity of bacterial strains produces L- asparaginase on productive medium 
 

In this experiment, the tested strains were grown in Erlenmeyer flasks (500 ml in volume) containing 
300 ml productive medium and incubated at 30ºC for 66 h on rotary shaker (150 rpm). Samples (10ml) were 
taken from the growing culture periodically every 2 h under aseptic conditions to determine the cell dry weight, 
pH and L-asparaginase activity. Parameters of enzyme production were calculated. Sugar utilization efficiency 
(Sugar consumed/ Initial sugar x100), substrate utilization efficiency (Effective yield/ Yield factor x100) and 
effective yield (Cell dry weight (g/l)/Initial substrate concentration x 100) were calculated according to 
Ramadan et al. (1985). Productivity (U/ml/h) =enzyme activity (U/ml/fermentation time (h)) and enzyme yield 
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coefficient relative to biomass (YE/x) = enzyme activity (U/ml)/ gram biomass dry weight (g/l) were calculated 
according to Lee (1996) and Grothe et al. (1999). Specific production rate (μp) (h-1) = (ln p –ln p0)/(t - t0) and 
specific consumption rate of sugar (μs) (h-1) = (ln s –ln s0)/(t - t0) were calculated according to Doelle (1975). 

 
Analytical procedures 
 

Cell dry weight was determined by centrifuging of 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 was prepared by centrifugation of microbial 
culture at 10,000 xg for 15 min at 4°C and 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 the 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 used 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. The total amount of reducing sugars (as 
glucose) was determined using potassium ferricyanide method, as described by Park and Johnson (1949). 
 
Partial purification of L-asparaginase 
 

    The proteins in the crude preparation were precipitated by the addition of solid ammonium sulphate 
to saturation (0 - 80%). The precipitate was left for 24 h at 4°C, followed by centrifugation at 8,000 rpm for 20 
min at 4°C. The precipitate collected from each source was dissolved individually in a 1M Tris HCl buffer at pH 
8.5 and was dialyzed against the same buffer overnight at 4°C with two times changes of the buffer (Dhevagi 
and Poorani, 2005). 
 
Wts-based SMART assay 
 

The anti-tumor activity was determined with wts-SMART assay in Drosophila melanogaster, which is 
based on wts/wts+ tumor suppressor system. The system identifies and characterizes the potential genotoxic 
compounds and scores for loss of heterozygosity (LOH). LOH may occur due to different types of 
recombination, deletions, point mutations, loss of chromosomes or nondisjunction (Sidorov et al., 2001). 

 
Drosophila melanogaster Strains 
  

The following two D. melanogaster strains were used: a wild type (or) strain and a strain carries 
wtsMT4-1 on the third chromosome  wtsMT4-1, a lethal warts allele, balanced over TM3, characterized by 
multiple inversions and marked by the dominant mutation  stubble (Sb)  according to Eeken et al. (2002) and 
FlyBase (2008). The genetic structure of this strain is; st p in ri wtsMT4-1/ TM3 Sb, which was abbreviated as 
wts/TM3. The genetic symbols about the various markers and the balancer chromosome can be found in web 
site (flybase.bio.indiana.edu) FlyBase (2008) and Lindsley & Zimm (1992). 
  
Cross and larval treatment  
 

The following cross was made:  wts/TM3 females with wild type males. Hybrid eggs obtained from 
crossing optimally fertile flies (3 to 4 days) were collected over a 6 h period for each patch. Heterozygous larvae 
were cleaned from remaining feeding medium (about 72 h after emergence) with a 20% glycerol solution, and 
there were transferred to treatment vials containing Drosophila medium supplemented with 500 mg enzyme 
dissolved in 2 ml of distilled water then mixed well in 100 ml of standard Drosophila medium at 50°C (5 
mg/ml) for 24 h, and then they were transferred to standard Drosophila medium. All Drosophila stocks and 
crosses were maintained at 25°C. 
 
Scoring of Warts and Eye Spots 
 

To score warts, a Leica stereomicroscope was used at a standard magnification of 25X. Tumors were 
only included when large enough to be classified unambiguously. 
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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. The statistical assessment of 
genotoxicity using SMART, the frequencies of each type of spot per fly was compared pair-wise with the 
corresponding negative control (Frei and Würgler, 1995, 1998 and Graf et al., 1984). 
 

Results and Discussion 

Use of some agriculture wastes and by-products for L- asparaginase production  

Agricultural wastes are among the causes of environmental pollution. Their conversion into useful 
products may ameliorate the problems they cause. Some available low price agro-industrial wastes and by-
products such as sugar cane bagasse, glucose syrup, black strap sugar cane molasses, sesame hulls, potato 
starchy waste and whey are highly under-utilized in Egypt.  These wastes were used as carbon source for L-
asparaginase production by Acinetobacter radioresistens strain PS14, Bacillus subtilis strain SF2, Bacillus 
marisflavi strain SO5 & Bacillus subtilis strain SW5 while, soybean  husk, corn steep liquor (CSL) and wheat 
bran were used as nitrogen source.  

Data illustrated in Fig. (1) indicated that the production of L-asparaginase decreased when using agro-
industrial waste and by-products as compared with that produced by the modified basal medium without wastes. 
The yield of enzyme activity by using agro-industrial waste and by-products ranged from 9.14 to 21.97, 11.71 to 
21.47, 12.29 to 21.33  and 7.58 to 21.33 U/ml by A. radioresistens strain PS14, B. subtilis strain SF2, B. 
marisflavi strain SO5 & B. subtilis strain SW5, respectively.  

 

 

Fig. 1. Effect of  agro-industrial wastes and/or by-products as carbon sources on the production of L-
asparaginase by A. radioresistens PS14, B. subtilis SF2, B. marisflavi SO5 and B. subtilis SW5 strains 
after 48 h using shake flasks as a batch culture.  

* Different letters on top of bars in the same column or point indicate significant differences and the same letter do not 
significantly differ from each other, according to Duncan’s (1955) at 5 % level. 

 
Among 6 substrates as carbon sources screening, black strap sugar cane molasses was the suitable carbon source 
for Acinetobacter radioresistens strain PS14 and B. subtilis strain SW5 giving 2.34 & 2.43 gl-1 of cell dry 
weight, 9.49 & 9.27 of pH and 21.97 & 21.33 U/ml of enzyme activity, respectively followed by sugar cane 
bagasse, sesame hulls, whey and potato starch waste in descending order. The enzyme activity (9.14, 7.58 and 
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11.71 U/ml), growth (0.87, 0.79 and 0.97 g/l of cell dry weight), and pH in culture (7.45, 7.43 and 8.13) 
decreased on glucose syrup for A. radioresistens strain PS14, B. subtilis strain SW5 and B. subtilis strain SF2, 
respectively.  

Both strains B. subtilis SF2 and B. marisflavi SO5 gave the highest value of cell dry weight being 2.20 
& 2.63 g/l, pH value being 9.32 & 9.27 and enzyme activity being 21.47 & 21.33 U/ml on sesame hulls 
respectively, followed by black strap sugar cane molasses and sugar cane bagasse. In a study for selecting a 
cheap agricultural or manufactural by-product for higher L-asparaginase production, it was found that black 
strap sugar cane molasses contains high sugar concentration and other metals necessary for the fermentation 
process and is inexpensive. Neto et al. (2006) reported L-asparaginase production was performedusing sugar 
cane molasses as carbon source by Zymomonas mobilis. Venil and Lakshmanaperumalsamy (2008) noted that 
Serratia marcescens SB08 produced maximum L–asparaginase in rice bran as substrate supplemented with 
yeast extract (0.5%). Hymavathi et al. (2009) revealed that B. circulans MTCC 8752 used different agricultural 
materials such as red gram husk, bengal gram husk, coconut, and groundnut cake for production L-asparaginase 
under solid state fermentation. Soniyamby et al. (2011) found that sugar cane bagasse was best agro-industrial 
waste for L-asparaginase production by Penicillium sp. Varalakshmi and Raju (2013) reported asparaginase 
production by A. terreus using bajra flour, ragi seed flour, cassava, sugarcane baggase, groundnut shell powder, 
tamarind seeds, and corn cob as substrates.  The maximum L-asparaginase activity was achieved in a medium 
containing bajra seed flour followed by ragi seed flour and lowest activity was observed in case of corn cobs. 

The nitrogen source in the modified basal medium was replaced by different agro-industrial wastes and 
by-product as nitrogen sources. Fig. (2) clearly shows that the sources of nitrogen greatly affected the enzyme 
activity. Using mixture of asparagine and agro-industrial waste and/or by-products responded in the positive L-
asparaginase activity more than none mixture of agro-industrial waste and/or by-products.  
 

 
Fig. 2. Effect of agro-industrial wastes and/or by-products as nitrogen sources on the production of L-

asparaginase by A. radioresistens PS14, B. subtilis SF2, B. marisflavi SO5 and B. subtilis SW5 strains 
after 48 h using shake flasks as a batch culture. 

* Different letters on top of bars in the same column or point indicate significant differences and the same letter do not 
significantly differ from each other, according to Duncan’s (1955) at 5 % level. 

 
The mixture of L-asparagine and corn steep liquor was the best nitrogen source for strains of A. radioresistens 
PS14, B. subtilis SF2, B. marisflavi SO5 and B. subtilis SW5 giving 2.32, 2.17, 2.11 & 2.12 g/l of cell dry 
weight, 9.25, 9.17, 9.10 & 9.03 of pH value and 22.72, 20.87, 20.27 & 18.93 U/ml of L-asparaginase activity, 
respectively followed by wheat bran and soybean plus L-asparagine. The favorable effect of corn steep liquor 
increasing L-asparaginase activity by tested strains could be interpreted on the basis that corn steep liquor serves 
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not only as a nitrogen source but also as a source of growth factors which play an important role in enhancing 
the bacterial growth and enzyme production. 
Therefore, it was found of interest to use a modified basal medium consists of black strap sugar cane molasses 
or sesame hulls as carbon sources together with mixture of L-asparagine and corn steep liquor as the best 
nitrogen source, and the nutritional elements to compose a low price enzyme production medium. Results in Fig. 

(3) showed that the amounts of cell dry weight were found to be 2.37, 2.24, 2.18 & 2.21 g/l, pH value being 
9.55, 9.36, 9.08 & 9.27 and enzyme activity being 25.33, 22.61, 19.39 & 22.32 U/ml by A. radioresistens PS14, 

B. subtilis SF2, B. marisflavi SO5 and B. subtilis SW5, respectively.  
 

 
Fig. 3. Effect of black strap sugar cane molasses or sesame hulls as a carbon and mixture of L-asparagine plus 

corn steep liquor (CSL) as a nitrogen source on the enzyme production for tested strains. 
*Letters on top of bars in the same column or line are different letters indicate to significant differences and the same letter 

do not significantly differ from each other, according to Duncan’s at 5 % level. 

 
Xiang et al. (2003) showed that the highest metabolite production was achieved in the medium containing 

corn steep liquor (CSL). Corn steep liquor was reported to exhibit significant stimulation of the L-asparaginase 
production (Maladkar et al., 1993). Also, soya bean meal was used as substrate for enhancing the production of 

L-asparaginase by Fusarium equiseti under solid state fermentation (Hosamani and Kaliwal, 2011). In our 
studies, the yield of L-asparaginase was enhanced by the addition of asparagine to the production medium 

similar to results obtained with Streptomycete sp. (Thaer and Ellaiah, 2013).  

Biological activity of L- asparaginase producing strains on productive medium 

From the results of the previous experiments, it could be concluded that the highest yield of enzyme 
was obtained by strains of A. radioresistens PS14, B. subtilis SF2, B. marisflavi SO5 and B. subtilis SW5 during 
propagation in productive medium supplemented with black strap sugar cane molasses or sesame hulls as a 
carbon source, mixture of L-asparagine and corn steep liquor as a nitrogen source, nutritional elements and pH 
adjusted to 7.5 using shake flasks as a batch culture for 48 h at 30°C and 150 rpm. So it was found variable to 
study the biological activity of L- asparaginase producing strains on productive medium Results presented in 
Fig. (4) showed that increasing the fermentation period led to gradual increase in cell dry weight (2.81 & 2.21 
g/l), consumed sugar (0.77 & 0.64 g/l), effective yield (1.61 &1.26 %), substrate utilization efficiency (0.44 & 
0.37 %), sugar utilization efficiency (91.4 & 76.2%) on productive medium supplemented with black strap sugar 
cane molasses after 60 and 48 h for A. radioresistens PS14 and B. subtilis SW5, respectively. During 
propagation clearly increase in pH values from 7.0 to 9.83 or 9.27 were observed by A. radioresistens PS14 or 
B. subtilis SW5, respectively. On the other hand, the amount of enzyme by both strains increased during the 
fermentation periods to record the highest figure (26.73 and 22.32 U/ml, respectively). With respect to enzyme 
parameters, the highest values of Y E/X 10.7 and 10.1 (U/ml)/(g/l) (amount of enzyme per cell dry weight) was 
attained after 48h of fermentation, but productivity (amount of enzyme per time) was attained after 48 and 36 h 
of fermentation being 0.45 and o.52 (U/ml)/h for A. radioresistens PS14 or B. subtilis SW5, respectively. Also, 
it could be noticed that the highest level of specific consumption rate (μs) was calculated during 6 - 12 h and 12-
18 h of fermentation periods being 0.14 and 0.15 h-1 by B. subtilis SW5 and A. radioresistens PS14, respectively 
whereas the highest specific production rate of enzyme (μp) being 0.47 and 0.16 h-1 was recorded during 6-12 h 
and 12-18 h fermentation periods by B. subtilis SW5 and A. radioresistens PS14, respectively. 

A fermentation period of 48 h was found to be optimal for maximum growth (2.24 & 2.21 g/l of cell 
dry weight), pH values (9.36 and 9.08) and L- asparaginase production (22.61 & 19.39 U/ml) with effective 
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yield of 10.18 & 10.05% and Y E/X of 10.1 & 8.8(U/ml)/(g/l) on media supplemented with sesame hulls by 
strains B. subtilis SF2 and B. marisflavi SO5, respectively. The highest levels of consumed sugar (0.73 & 0.68 
g/l), substrate utilization efficiency (3.32 & 3.09 %) and sugar utilization efficiency (86.9 & 81.0%) were 
achieved after 54h of fermentation periods by B. subtilis SF2 and B. marisflavi SO5, respectively. The 
maximum productivity was recorded after 36 h of fermentation periods by B. subtilis SF2 and B. marisflavi SO5 
being 0.54 and 0.42, respectively. Moreover, the highest specific production rate (μp) of enzyme being 0.21 & 
0.23 h-1 was recorded during the first 12-18 h for B. subtilis SF2 and B. marisflavi SO5, respectively, whereas 
the highest specific consumption rate of sugar (μs) being 0.23 & 0.11 h-1 was calculated during 6 - 12 of 
fermentation period by strains of B. subtilis SF2 and B. marisflavi SO5, respectively (as shown in Fig. 5).  

 

 

Fig. 4. Biological activity of A. radioresistens PS14 or B. subtilis SW5 on productive medium supplemented 
with black strap sugar cane molasses at 30°C using shake flasks as a batch culture. 

 
The statistically analyzed data as presented in Table (1) showed that a high positive correlation coefficient 
which ranged between 0.91 - 0.99, 0.90- 0.98, 0.89-0.98 and 0.92-0.99 were observed between fermentation 
periods and each of cell dry weight, pH, effective yield, consumed sugar, substrate utilization efficiency, sugar 
utilization efficiency, enzyme yield coefficient relative to biomass(Y E/X), L- asparaginase activity and enzyme 
productivity for strains of  A. radioresistens PS14, B. subtilis SF2, B. marisflavi SO5 and B. subtilis SW5, 
respectively. Obtained data confirmed the findings obtained by Sarquis et al. (2004) recorded that the highest 
yield of enzyme was obtained after 48h of incubation periods by A. terreus in liquid medium. Also, Venil and 
Lakshmanaperumalsamy (2008) found that L-asparaginase activity gradually increased with the increase of 
incubation time until 36 h by Serratia marcescens SB08. 
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Evaluation of the safety studies 
 
Potential toxicity and mutagenicity and carcinogenicity test 
 

The antitumor activity of the four bacterial strains; A. radioresistens PS14, B. subtilis SF2, B. 
marisflavi SO5 and B. subtilis SW5 that producing the highest activity of L-asparaginase was tested on 
Drosophila melanogaster. Toxicity and carcinogenicity for L-asparaginase enzyme were carried out to confirm 
quality criteria for food-grade enzyme preparations and used in the clinical treatment of several human 
malignancies. 

 
Fig. 5: Biological activity of B. subtilis SF2 and B. marisflavi SO5 strains on modified productive medium 

supplemented with sesame hulls at 30°C using shake flasks as a batch culture. 

 
Table 1: Correlation coefficient between fermentation periods and each of cell dry weight, L- asparaginase activity, sugar utilization 

efficiency and enzyme parameters for tested strains.  

Correlation coefficient 
(R2) 

Strains 
A. radioresistens 

PS14 
B. subtilis  

SF2 
B. marisflavi 

SO5 
B. subtilis 

SW5 
Cell dry weight 0.99 0.95 0.97 0.98 
pH 0.99 0.96 0.98 0.99 
Consumed sugar 0.95 0.98 0.96 0.98 
Substrate utilization  efficiency 0.95 0.98 0.96 0.98 
Sugar utilization efficiency 0.95 0.98 0.96 0.98 
Effective yield 0.99 0.96 0.95 0.99 
L- asparaginase activity 0.95 0.95 0.92 0.98 
Y E/X 0.91 0.90 0.94 0.92 
Enzyme productivity 0.95 0.91 0.89 0.95 
R2 range: Low R2 : 0.01 – 0.49 ,  Moderate R2: 0.5 – 0.69 ,    High R2 : 0.7 – 1 . 
Y E/X: enzyme yield coefficient relative to biomass 
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Toxicity 
 

Prior to the genotoxicity and carcinogenicity test, the tested L-asparaginase enzyme was submitted to 
pilot experiments to establish dose range, which revealed distinct patterns of toxicity. After 48 h, larvae chronic 
feeding, non-toxic concentrations were used to perform the genotoxic evaluation of the L-asparaginase enzyme. 
No delay effect was scored until 10 folds of recommended dose (ranged from 5 mg/ml to 50 mg/ml) in larval 
development, besides no toxicity of the tested doses was detected. No acute toxicity of the L-asparaginase 
enzyme could be determined in Drosophila. Therefore, 5 mg/ml dose of exposure concentration was chosen for 
the carcinogenicity experiments.  

Evaluation of antitumor activity  
 

L-asparaginase enzyme produced by the four bacterial strains; A. radioresistens PS14, B. subtilis SF2, 
B. marisflavi SO5 and B. subtilis SW5 were examined for carcinogenic activity using the somatic mutation and 
recombination test (wts-based SMART) on  D. melanogaster. Induction of tumors using wts-based SMART 
allows one to draw closer analogy between the activity of a substance in a SMART test in Drosophila and its 
potential carcinogenic hazard to humans. Table (2) shows the wts-based SMART results for the chronic 
treatment of larvae with 5mg/100mL crude enzyme preparations of L-asparaginase or partially purified enzyme. 
In the negative control experiment, the frequency of spontaneous tumors was low, where 16 small tumors were 
scored among 1568 flies with an average of 0.010 ± 1.078 tumor /fly. There were no significant differences in 
the frequency of induced tumors between flies treated with crude extract L-asparaginase enzyme produced by B. 
subtilis SW5 and B. marisflavi SO5 and the negative control.  

In contrast, the frequencies of tumor induction exhibited highly significant increased after feeding of 
drosophila larvae with crude extract L-asparaginase enzyme produced by B. subtilis SF2 and A. radioresistens 
PS14 strains, where the frequencies of (0.025 ± 2.485*) and (0.021 ± 1.542**) tumor/fly, respectively, were 
observed in comparison with the corresponding negative control. 

 
Table 2: Frequencies of induced tumor in trans-heterozygous (wts/+) larvae after treatment with crude enzyme 

and partially purified of L-asparaginase enzyme produced by A. radioresistens PS14, B. subtilis 
SF2, B. marisflavi SO5 and B. subtilis SW5 strains compared with negative control.  

 
* and **  significant and highly significant difference from the negative control at P<0.05 using χ2 test. 

 

Screening for carcinogenicity of the crude extract of L-asparaginase enzyme indicated that the crude 
enzyme preparation produced by B. subtilis SF2 and A. radioresistens PS14 strains has evidence of genotoxic 
potential using SMART assays Meanwhile, B. marisflavi SO5 and B. subtilis SW5 strains were safe and showed 
clearly negative results. Therefore these bacterial isolates have a potential for use in food and feed applications 
and in the clinical treatment of several human malignancies. 

L-aparaginase is produced by a variety of microbial sources including bacteria (Geckil et al., 2004), 
fungi (Serquis, et al., 2004) and yeast (Ferrara et al., 2006). Asparaginase from Escherichia coli and Erwinia sp. 
has been used as anti-tumor and anti-leukemia agent. The utilization of asparaginase from the above-mentioned 
sources was initially limited because of its potential toxicity and several side effects (McCredie & Ho, 1973 and 
Akilandeswari et al., 2012). Previous studies by Rossi et al. (2004) and Saviola et al. (2004) indicated that the 
toxic side effects of some L-asparaginase caused in clinical preparations were from bacterial sources. The 
reason for this toxicity is not quite clear since the only practical source of L-asparaginase is from bacteria and it 
is with such preparations that the side-effects have been observed. The various bacterial L-asparaginases also 
have glutaminase activity and it is possible that some of the toxic side-effects are due to the hydrolysis of 
glutamine or to other effects following from the injection of large amounts of bacterial protein.  Several toxic 
side effects mainly due to their associated glutaminase activity compounds from natural origin (Akilandeswari 

Frequency (no. of Tumor/fly 
± S.D) 

No. of  tumor scored Total no. of scored 
flies    Treatments 

0.010 ± 1.078 16 1568         Control 

0.021 ± 1.542** 
0.025 ± 2.485* 
0.013 ± 2.758 
0.015 ± 1.187 
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et al., 2012).Crude extract L-asparaginase enzyme produced by B. marisflavi SO5 and B. subtilis SW5 isolates 
were safe, as indicated from the total frequencies of induced tumors in F1 flies were 0.013 ± 2.758 and 0.015 ± 
1.187 tumor/fly, respectively, in comparison with the corresponding negative control that showed clearly 
negative results. Sidorov et al. (2001) and Eeken et al. (2002) described a new system based on somatic 
mutagenesis and recombination in this SMART system, heterozygous flies for wts mutation have a normal cell 
cycle and gave rise all normal structures of adult flies. Exposure of wts heterozygous flies in larval stage to 
carcinogenic or mutagenic factors lead to loss of heterozygosity in some epithelial cells, which lead to induce 
tumors could be recorded in adult insects. This system showed high sensitivity to a wide spectrum of mutagenic 
carcinogens that are naturally encountered. The sensitivity of this system to polycyclic aromatic hydrocarbons 
and aromatic amides is higher than that of classical tests. L-asparaginase is used for cancer medication that 
interferes with the growth of cancer cells, slow their growth and spread in the body (Ghosh et al., 2011). L-
asparaginase interferes with the protein synthesis (Stams et al., 2005) and also with DNA and RNA synthesis, 
and appears to be cell cycle specific for the G1 phase of cell division. L-asparaginase exhibits potent 
antineoplastic and antilymphomatic activity against tumors (Sahu et al., 2007). This enzyme causes selective 
death of asparagine dependent tumor cells and also induces apoptosis in tumor cells (Kelo et al., 2009). 

As a general conclusion, this study indicates that black strap sugar cane molasses or sesame hulls, corn 
steep liquor plus L-asparagine and a mixture of elements were used as a cheap medium for L-asparaginase 
production by local soil strains namely, A. radioresistens PS14, Bacillus subtilis SF2, Bacillus marisflavi SO5 
and Bacillus subtilis SW5. Furthermore, the partial purified L-asparaginase for strains Bacillus marisflavi SO5 
and Bacillus subtilis SW5 showed higher antitumor activity than crude extract. In addition to, strains Bacillus 
subtilis SF2 and A. radioresistens PS14 have evidence of carcinogenic potential. 
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