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Abstract- L-asparaginase (L-asparagine amido hydrolase, E.C.3.5.1.1) is an extra cellular enzyme that has received 
considerable attention since it is used as an anticancer agent. In the present study, the fungal isolates from rhizosphere 
soils were screened for the L-asparaginase production by using modified Czapek Dox agar containing L-asparagine and 
phenol red as indicator. The strain isolated from rhizosphere soil of Ipomoea muricata showed the maximum zone diameter 
of 1.05 cm. The 16s rDNA sequence analysis indicated that the strain was most closely related to Fusarium equiseti. 
Various physical and chemical parameters were optimized under solid state fermentation (SSF) for L-asparaginase 
production. Further, it was observed that maximum activity of 3.26 IU was achieved by employing soya bean meal as 
substrate, with incubation period of 48 hrs and incubation temperature at 45oC at pH 7 with di potassium hydrogen 
phosphate and manganese as the best phosphate and metal ion source respectively. 
Keywords- L-asparaginase, Fusarium equiseti, rhizosphere soil, filamentous fungi, Ipomoea muricata, Optimization 
parameters, Solid state fermentation 
 
Introduction 
L-asparaginase (L-asparagine amidohydrolase; 
E.C.3.5.1.1) is an extracellular enzyme used as an anti-
cancer agent. L-asparaginase was introduced in the 
therapeutics due to the fact that in a significant number 
of patients with acute leukemia, particularly lymphocytic, 
the malignant cells are dependent on an exogenous 
source of L-asparagine for survival. Normal cells, 
however, are able to synthesize L-asparagine and thus 
are less affected by its rapid depletion produced by   
treatment with the enzyme L-asparaginase. The most 
common therapeutic indications of L-asparaginase are: 
treatment of Hodgkin’s disease, treatment of acute 
lymphocytic leukemia mainly in children, acute 
myelocytic leukemia, acute myelomonocytic leukemia 
and chronic lymphocytic leukemia, lymphosarcoma 
treatment and melanosarcoma [1-7]. 
Asparaginases are found in diverse sources in nature, 
including bacteria, yeasts, molds, plants and vertebrates. 
The enzymes derived from microorganisms are the 
major sources of enzymes for practical and clinical use 
[8]. Commercially used enzymes are obtained from E. 
coli and Erwinia carotovora [9]. In many countries, 
asparaginase from only one of these sources is available 
for front-line therapy of lymphoblastic malignancies. 
There are other bacteria also which are now found to 
produce L-asparaginase such as Pseudomonas stutzeri 
MB-405 [10], Thermus thermophilus [11], Pseudomonas  

 
aeruginosa 5007 [12], Staphylococcus sp.-6A [13], 
Bacillus circulans MTCC 8574 [14] and Serratia 
marcescenes SB08 [15]. However L-asparaginase from 
bacterial origin can cause hypersensitivity in long term 
use leading to allergic reactions and anaphylaxis [16]. 
The search for the other eukaryotic microorganisms can 
lead to an enzyme production with less adverse effects. 
It has been observed that eukaryotic microorganisms like 
yeast and filamentous fungi genera such as Aspergillus, 
Penicillum and Fusarium are commonly reported in 
scientific literature to produce L-asparaginase with less 
adverse effects [17-20]. Therefore, in the present study 
an attempt has been made to isolate the filamentous 
fungi from rhizosphere soils, molecular identification and 
optimization of L-asparaginase production by Fusarium 
equiseti. 
 
MATERIALS AND METHODS 
Isolation of filamentous fungi 
Soil samples were collected from the rhizosphere of 
different plants at various locations around Karnataka 
University Dharwad campus. The fungi were isolated by 
plating serially diluted sample on Czapek-Dox agar, pH 
6.2. Individual colonies were regrown at 280C for 
obtaining pure culture. 
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Screening of L-asparaginase producer by plate 
assay 
The isolated colonies were screened for L-asparaginase 
production on modified Czapek-dox agar  [21] containing 
g/l of distilled water: Glucose,2.0; L-asparagine,10.0; 
KH2PO4,1.52; KCl,0.52; MgSO4.7H2O,0.52; 
CuNO3.3H20,trace; ZnSO4.7H2O, trace;  
FeSO4,7H20,trace; Agar,18.0, pH 6.2 and this media was 
supplemented with phenol red 0.009%(v/v)  [22]  and  
incubated at 280C for 96 hrs. Control plates were of 
modified Czapek-Dox’s medium without dye and without 
L-asparagine. The zone and colony diameter were 
measured after 48 hours. Colonies with pink zones 
around the colony were considered as L-asparaginase 
producing strains. The broth studies were carried out in 
order to compare the results obtained with the positive 
isolates for plate assay. The isolate with highest zone of 
clearance was sent to Agharkar Research Institute, Pune 
for molecular identification. The sequence obtained was 
analyzed by using nBLAST at NCBI 
(http://ncbi.nlm.nih.gov/blast.cgi). Further fermentation 
studies were carried out with the same isolate. 
 
Optimisation of fermentation parameters 
The production of L-asparaginase by Fusarium equiseti 
under solid state fermentation conditions mainly depends 
on various factors like substrate selection, temperature, 
initial pH, phosphate source and metal ions. In order to 
achieve optimized activity under SSF conditions each 
parameter is varied one at a time. All experiments were 
conducted in five replicates and the mean values were 
presented. 
 
Effect of various substrates 
Seven different substrates such as fruit wall of 
Spathodea companulata, Acacia concinna, Pletophorum 
ptericarpum, Poincia regia, agro wastes such as Soya 
bean meal, jowar bran and sugar cane bagasse were 
assessed for the production of L-asparaginase. The best 
solid substrate is selected for further optimization 
studies. 
 
Effect of initial temperature 
The effect of temperature was studied by cultivating 
Fusarium equiseti on 10 gm of soya bean meal and the 
flasks were incubated at 10, 25, 37, 45 and 55oC 
respectively for 48 hours and enzyme assay was carried 
out as described by Imada et al., [23]. 
 
Effect of initial pH 
To determine initial pH, 10 gm of Soy bean meal was 
taken in different Erlenmeyer flasks moistened with 70% 
moisture and pH were varied in the range of 4-7 by using 
1N NaOH and 1N HCl. Fusarium equiseti was inoculated 
and incubated at 45oC for 48 hours. 
 
Effect of phosphate source 
Various phosphate sources like di-potassium hydrogen 
phosphate, potassium di-hydrogen phosphate and di-
ammonium hydrogen phosphate and 0.25-1.25% with 

0.25% increment in concentration were supplemented to 
the substrate and further enzyme activity was carried out 
by extracting the fermented substrate. 
 
Effect of metal ions  
To determine the effect of various metal ions, the 
substrate was incorporated with metal ions such as Mn2+, 
Zn2+.Mg2+ and Cu2+ respectively at the concentration of 
0.01-0.03% and the flasks were incubated at 45OC for 48 
hours. After incubation enzyme activity was carried out. 
 
Extraction of fermented substrates 
One gm of fermented substrate was taken out 
periodically every 24 hours in aspetic conditions and 
phosphate buffer (1:10) was added to it. The contents of 
the flasks were kept shaking and the homogenized 
sample were filtered and centrifuged. The supernatant 
was used to carry out the enzyme assay. 
 
Quantitative assay of L-asparaginase activity 
Quantitative estimation was carried out following 
Nessler’s reagent according to the method of Imada et 
al., [23]. The reaction mixture containing 0.5 ml of 0.04 M 
L-asparagine, 0.5 ml of 0.5M phosphate buffer (pH 7.8), 
0.5 ml of an enzyme and 0.5 ml distilled water was 
added to make up the total volume to 2 ml. The tubes 
were incubated at 30ºC for 30 minutes. The reaction was 
stopped by adding 0.5 ml of 1.5 M Trichloroacetic acid 
(TCA). The blank was prepared by adding enzyme after 
the addition of TCA. To the 3.7 ml of distilled water and 
0.2 ml of Nessler’s reagent 0.1 ml from the above 
mixture was added. After incubating the mixture at 20ºC 
for 20 minutes the OD was checked at 450 nm with 
Spectrophotometer [Systronics]. The enzyme activity 
was expressed in International unit.  
 
International unit 
One IU of L-asparaginase activity was defined as that 
amount of enzyme which catalyses the formation of 
1µmole of NH3 per minute under the optimal assay 
conditions. 
 
Results 
Isolation and screening  
In the present study isolation and screening of 
filamentous was carried out. The screening was done 
based on the zone of clearance as per Gulati et al., [22] 
method. The results revealed that out of twenty one 
isolates from different rhizosphere soils, the four positive 
potential strains show different range of zone of 
diameter. The isolate BBK9 from rhizosphere soil of 
Ipomoea muricata exhibited the highest zone (Fig. 1) of 
diameter of 1.05 cm than compared to be BBK14 which 
showed zone diameter of 0.86 cm, BBK20 showed 0.84 
cm and BBK3 showed 0.52 cm respectively (Table. 1). L-
asparaginase activity was 0.14 IU and pH was 8.54   in 
the broth containing the isolate BBK9 followed by BBK20 
which showed the activity of 0.06 IU and pH of 8.43, 
BBK3 showed the activity of 0.04 IU and the pH was 
8.10 respectively (Table.1). Therefore, the isolate BBK9 
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from the rhizosphere soil of Ipomoea muricata showed 
the highest zone diameter and maximum activity, was 
sent to Agharkar Research Institute, Pune for molecular 
identification.  Phylogenetic analysis based on 16s rRNA 
gene sequencing showed that the isolate was grouped 
into the genus Fusarium equiseti with Score = 1397 bits 
(756), Expect = 0.0 Identities = 763/766 (99%), Gaps = 
1/766 (0%)  Strand=Plus/Minus.  The phylogenetic tree 
obtained by nBLAST analysis is presented in the Fig. (2). 
 
Optimization of fermentation parameters 
Substrates 
In Solid State Fermentation selection of suitable solid 
substrate for the fermentation is the critical factor. In the 
present study seven different substrates viz., Spathodea 
companulata, Acacia concinna, Pletophorum 
ptericarpum, Poincia regia, agro wastes such as Soya 
bean meal, jowar bran and sugar cane bagasse were 
assessed for the production of L-asparaginse by 
Fusarium equiseti (Fig. 3). High titre of 3.26 IU was 
obtained in the medium containing soya bean meal while 
jowar bran showed 1.2 IU,  sugar cane bagasse showed 
0.21 IU Acacia concinna  0.13 IU, Poincia regia showed 
0.11 IU, Spathodea companulata showed 0.52 IU and 
Pletophorum ptericarpum showed 0.45 IU respectively. 
As maximum activity was seen using soya bean meal 
therefore, it was selected for further fermentation studies. 
 
Temperature 
Temperature is also one of the critical factors which have 
to be optimized. In order them to find out the optimum 
temperature on the fermentation, Fusarium equiseti was 
incubated at various temperature range such as 10, 25, 
37, 45 and 55oC keeping other conditions at their 
optimum levels. Highest activity was observed at 45oC 
which showed 6.85 IU at 48 hrs followed by 37oC with 
activity of 5.38  IU, 55oC with maximum activity of 5.02 
IU, 25oC with maximum activity of 3.61 IU where as 
lowest enzyme was produced at 10oC with maximum 
activity of 2.80 IU respectively (Fig. 4). 
 
pH 
Initial pH level of substrate plays crucial role for the 
successful L-asparaginase production under Solid state 
fermentation conditions. The fermentative medium pH 
was adjusted accordingly with 1N HCl/NaOH from 4-10. 
Maximum production of L-asparaginase 5.82 IU at 48 
hours was found with a pH of 7.0. It was followed by pH 
8 with maximum activity of 5.36 IU, pH 6 with maximum 
activity of 5.33 IU, pH 5 with activity of 5.22 IU, pH 9 with 
4.8 IU, pH 4 with 4.66 IU and pH 10 with 4.32 IU 
respectively (Fig. 5). 
 
Phosphate source 
Phosphate is also one of the essential factors in the 
metabolism which has to be optimized. Different 
phosphate sources such as di-potassium hydrogen 
phosphate, potassium di-hydrogen phosphate and di-
ammonium hydrogen phosphate with the concentration 
of 0.25%-1.25% were taken for the present study. The 

data reveals that maximum activity of 6.21 IU was 
obtained for 0.5% Di-potassium hydrogen phosphate and 
the least activity was 4.27 IU for 1.25% di-potassium 
hydrogen phosphate followed by potassium di hydrogen 
phosphate with the maximum activity of 4.21 IU at 0.75% 
and the least activity of 3.42 IU at 1.25%. Similarly 
maximum activity of 4.13 IU was obtained with 0.5% di-
ammonium hydrogen phosphate and the least activity of 
3.12 IU was obtained with 1.25% (Fig. 6, 7 and 8). From 
the present results it is clear that di-potassium hydrogen 
phosphate is the best phosphate source which can be 
used for L-asparaginase production. 
 
Metal ions 
Certain metal ions are essential for cell mass formation 
and also act as a co-factor for several biosynthetic 
enzymes. Metal ions such as Mn2+, Zn2+, Mg2+ and Cu2+ 
respectively at the concentration of 0.01-0.03% were 
taken for the present study. The maximum activity of 
5.21 IU was obtained for 0.01% of Mn2+ and  least 
activity of 4.21 IU for 0.03% Mn2+ followed by Zn2+ with 
activity of 4.94 IU and least activity of 4.03 IU, for Mg2+ 
4.42 IU and the least activity of 3.41 IU. For Cu2+ the 
maximum activity was 3.42 IU at 0.01% and the least 
activity was 2.74 IU at 0.03% was obtained (Fig. 9, 10, 
11 and 12). 
 
Discussion 
Out of twenty one isolates collected from different 
rhizosphere soils, the four isolates showed positive for L-
asparaginase production by producing pink coloration 
around the colony. The control showed no colour 
change. Among various filamentous fungi tested by plate 
assay and broth studies the isolate BBK9 from the 
rhizosphere soil of Ipomoea muricata exhibited the zone 
of diameter 1.05 cm, activity of 0.14 IU and pH of the 
broth was 8.83. It is proposed that strain exhibiting zone 
of diameter above 0.9 cm are referred as good L-
asparaginase producers, those strains with zone 
diameter of 0.6-0.9 cm and those having below 0.6 cm 
zone diameter may be referred to as moderate and poor 
L-asparaginase producers respectively. Phylogenetic 
analysis based on 16s rRNA gene sequencing and the 
sequence consisting of 766 nucleotides was submitted to 
the GenBank (National Centre for Biotechnological 
Information, USA, accession number JN400528). The 
sequence data showed that the isolate BBK9 has highest 
sequence similarity (99%) with the genus Fusarium 
equiseti. Hence it is concluded that the strain BBK9 
belongs to the genus Fusarium equiseti. In the 
rhizosphere soil, root exudates are the natural source of 
amino acid for microorganisms, which may enhance the 
L-asparaginase biosynthesis.  
Gupta et al., [24] have reported rhizosphere soil of 
mangrove plant isolate Fusarium FMG 13 was able to 
produce L-asparaginase. L-asparaginase production by 
actinomycetes isolated from rhizosphere soils of lemon 
grass (Cymbopogon citratus) have been reported by 
Sutthinan et al., [25]. In the present study it is clear that 
filamentous fungi from rhizosphere have shown to 
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produce extracellular L-asparaginase. It is reported for 
the first time that Fusarium equiseti isolated from the 
rhizosphere soil of Ipomoea muricata is known to 
produce L-asparaginase. 
Solid substrate fermentation (SSF) has emerged as an 
effective technique to increase the product yield at low 
capital cost, low energy requirement, less water output 
and substrate itself acts as carbon or energy source. In 
addition employing natural substrates serve as solid 
support [26]. In the present study seven different 
substrates viz., fruit wall of Spathodea companulata, 
Acacia concinna, Pletophorum ptericarpum and Poincia 
regia. Agro wastes such as Soya bean meal, jowar bran 
and sugar cane bagasse were assessed for the 
production of L-asparaginse by Fusarium equiseti. Soya 
bean meal proved to be the best substrate for L-
asparaginase production. Mishra [27] who have reported 
bran of Glycine max used as sole source for growth in 
SSF have shown the maximum enzyme production using 
Aspergillus niger. Production of L-asparaginase was also 
carried out using soya bean meal as substrate under 
SSF conditions by Pseudomonas aeruginosa 50071 [12]. 
SSF is more advantageous over submerged 
fermentation (SmF) as it is less sensitive to 
contamination than SmF [28]. The process is more 
appropriate for developing countries [29]. In SSF 
selection of suitable solid substrate for the fermentation 
is the critical factor. 
Temperature is one of the critical factors which have to 
be optimized. In order to find out the optimum 
temperature for the fermentation Fusarium equiseti was 
incubated at various temperatures and the effect was 
studied. The results indicated that 45OC was optimum 
temperature for L-asparaginase production (6.85 IU). 
Any temperature beyond the optimum range is found to 
have an adverse effect on the metabolic activities of 
microorganisms and it is also reported that metabolic 
activities become slower at lower temperature [30].  
Mishra [27] who have reported the highest activity of 
40.9 U/gds at 30OC where as Maladkar et al., [31] have 
reported the optimum activity at 50O C. The thermostable 
asparaginase from T.aquaticus had an optimum 
temperature of 75OC have been reported by Curran et 
al., [20]. 
Initial pH level of substrate plays key role for the 
successful L-asparaginase production under solid state 
fermentation conditions. In order to find out there 
optimum pH for the L-asparaginse production, the initial 
pH of the fermentation medium was adjust to different 
levels and fermentation was carried out at 45oC. The 
data revealed that pH 7 was suitable for maximum 
production of L-asparaginase by Fusarium equiseti with 
soybean meal as substrate. The fermentation efficiency 
was maximum at pH 7 by Streptomyces plicatus [32] 
while Narayan et al., [33] have reported the maximum L-
asparaginase production at pH 7.5 by S.albidoflavus and 
Siddalingeshwara et al., [34] have reported the maximum 
activity of 5.21 IU at pH 4.5. The present results correlate 
with De Angeli et al., [17] who have reported pH 7 as 

optimum for the production of L-asparaginase under 
submerged fermentation process. 
Phosphate is required in certain amount for growth and 
metabolism. In secondary metabolic process they have 
lower tolerance range to in organic phosphate than the 
vegetative growth. Phosphate also plays key role in the 
regulation of the enzymes. From the present study Di-
potassium hydrogen phosphate was the best phosphate 
source for L-asparaginase production. Mukherjee et al., 
[35] have also reported the maximum activity for 0.1% di-
potassium hydrogen phosphate and 0.16% di-
ammonium hydrogen phosphate under submerged 
conditions using Enterobacter aerogenes where as Venil 
and Lakshmanaperumalasamy [15] have reported 
potassium di-hydrogen phosphate the best source for L-
asparaginase production by Serratia marcescens.  
Certain trace elements like mangenese, zinc, 
magnesium, copper, calcium, sodium and iron are 
needed in appropriate concentrations and must be 
added to the fermentation medium. As they are essential 
for cell mass formation as well as they is acting as a co-
factor for several biosynthetic enzymes. In the present 
study 0.01% mangenese was the best metal ion source 
for L-asparaginase production and the least activity was 
obtained with copper. Borkotaky and Bezbaurauh [36] 
have reported that enzyme activity was not inhibited by 
10mmol/L  metal ions such as Na2+, K+, Mg2+, Zn2+,Ca2+, 
Co2+, Ba2+ and Ni2+. Alexander et al., [37] have reported 
that copper acts as co-factor for the reaction. The 
present results were in good agreement with Robinson 
and Berk [38] who have reported the supplementation of 
metal ions like copper, zinc and manganese to the H82 
medium in the concentration ranging from 0.001-0.002% 
and obtained maximum L-asparaginase production 1.73, 
1.74 and 1.71 IU by supplementation of 0.001% 
concentration of copper, zinc and manganese 
respectively. 
  
Conclusion 
From the observations carried out clearly indicate that 
Fusarium equiseti isolated from rhizosphere soil of 
Ipomoea muricata has the ability to produce significant 
amount of L-asparaginase enzyme. This is the first report 
about Fusarium equiseti from the rhizosphere soil of 
Ipomoea muricata to produce L-asparaginase. 
Fermentation studies carried out indicate that solid state 
fermentation process is an efficient and economically 
viable bioprocess for the production of L-asparaginase 
especially in the developing countries.  
Critical factors influence the selection of asparaginase as 
a therapeutant such as substrate, temperature, pH, 
phosphate and metal ions. The present study indicates 
that large quantities of the enzyme with highest activities 
reported can be obtained using soya bean meal as 
substrate at 450C at pH 7 with di-potassium   hydrogen 
phosphate and manganese as the best metal ion source 
which makes it attractive for further optimization and 
characterisation studies. 
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