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L -asparaginase (L-asparagine amido hydrolase, E.C.3.5.1.1) as of late has been considered
as a promising chemotherapeutic specialist against Acute Lymphoblastic leukemia
specificaly. Its generation, from the contagious sources is currently been broadly
considered. Therapeutic use of L-asparaginase from announced sources is restricted
because of the immunological reactions prompting to alergies on long term use,
unfavorably susceptible responses, hypersensitivity and occurrences of unconstrained
resistance of tumor cells. The present investigation aims at the production of extracellular
L-asparaginase from fungal sources isolated from rhizospheric soil. The potent producer of
L-asparaginase was characterized as Aspergillus tamarii BBKNM3 based on the
morphology and molecular characterization. The optimization of production of L-
asparaginase was studied using different agro wastes with isolated fungal strains by solid
state fermentation. Isolates grown in the medium supplemented with 1 % L-asparagine as
sole nitrogen source yielded the higher productivity of enzyme after72 hrs of incubation
period, at 37 °C and pH 7. Additionally, 65% of initial moisture content, glucose (0.5%
w/v) and ammonium sulphate (0.5% w/v) was found to be optimum. The rationale behind
studying fungal sources is that they are potentia sources of novel drugs. Besides, non-
immunogenicity is the added advantage of fungal L-asparaginase over Bacterid L-
asparaginase. Hence the present investigation aims at the isolation and characterization of
potent fungal producers of L-asparaginase.
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INTRODUCTION

acute myelomonocytic leukemia and chronic lymphocytic
leukemia, lymphosarcoma treatment and melanosarcoma.

L- Asparaginase has been considered as one of the most
potent anti- cancer drugs in the recent decades as it satisfies
the requirement that an anti-neoplastic agent should not cause
immuno-suppression and yet should be effective against
cancer Miura et al., 1971. L-asparaginase is an extracellular
enzyme which was introduced in the therapeutics because it
was observed that in the patients suffering with Acute
Lymphoblastic Leukemia (ALL) malignant cells are
dependent on the concentration of L-asparagine. The
reduction in the concentration of asparagine molecules causes
starvation of the cancerous cells and hence causes depletion of
the cells. However, norma cells remain unaffected as they
can synthesize L-asparagine.

L-asparaginase is now been widely used in the treatment of
many diseases like Hodgkin’s disease, treatment of acute
lymphocytic leukemia Pieters et al., 2011mainly in children,
acute myelocytic leukemia,
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Bacteria, fungi, yeast, actinomycetes and algae have been
reported as very efficient producers of |-asparaginase (Savitri
2003; Verma et al., 2007). It was reported that E. coli L-
Asparaginase inhibits tumors in mice which paved way for
the commercia production of the enzyme (Mashburn and
Wriston. 1964). Extraction has been studied in a wide variety
of organisms. The properties of prokaryotic L-asparaginase
were found in contrast with those of eukaryotic L-
asparaginase. Bacterial L -asparaginase caused
hypersensitivity with a long term use which leads to
anaphylaxis and allergic reactions (Reynolds and Taylor.
1993; Ali. 1994; Sarquis et al., 2004). The ability of fungal
sources to produce L -asparaginase was different in solid and
liquid state fermentation conditions (Lee. 2005). The most
adopted method is the submerged fermentation as it has
advantages like minimum contamination, rapid growth and
high enzyme yield under controlled conditions over solid state
fermentation. Moreover submerged fermentation has its own
disadvantages to overcome which solid state methodology is
more adopted. Submerged fermentation leads to the
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generation of effluents which ultimately calls for treatment
process (El-Bessoumy et al., 2004). Hence in the present
study an attempt has been made to produce L-asparaginase
from a soil rhizosphere fungus Aspergillus tamarii BBKNM3
followed by which its production optimization is also studied.

MATERIALS AND METHODS
Soil sample chemicals and media

The chemicals used in this study were of analytical or
laboratory grade.

The soil samples were collected in sterile polythene bags from
the rhizospheric regions of plants from Garag, Dharwad
district, Karnataka, India (15.5700° N, 74.9296° E). All the
chemicals used were of higher analytical grade. The Media
used was modified Czapek Dox agar containing 1% L-
asparagine as sole source of nitrogen (Gulati et al., 1997),
Potato Dextrose agar (Himedia) and Sabouraud Dextrose agar
(Himedia).

I solation of L-asparaginase producing fungi

The isolation of L-asparaginase producing fungi was carried
out through Seria dilution of soil samples. A 1 g of the soil
sample was added to 9 ml of sterile saline solution and mixed
thoroughly. 1 ml of the suspension was added to next tube
containing 9 ml of sterile saline up to 7 dilutions. Further, 100
pl of suspension from the appropriate dilutions like 102, 10°
and 10 were inoculated on the modified Czapek Dox agar,
Potato Dextrose agar and Sabouraud Dextrose agar plates by
the spread plate method. All the plates are incubated for 7
days at room temperature. The media which was able to
support the luxuriant growth of the fungal strains was used for
the further analysis.

Screening of L-asparaginase producing fungi from rapid
plate assay

All the fungal strains were inoculated on themodified
Czapekdox agar medium containing different concentrations
of phenol red (0.001% to 0.009%) as indicator and
Czapekdox agar medium composition replacing the L-
asparagine with NaNO; served as control. All the plates were
incubated at 37 °C for 7 days. The strain giving the maximum
color zone formation was chosen for further analysis (Lapmak
et al., 2010).

Characterization of L- asparaginase producing strain

The fungal strain which found to produce higher color zone
around the fungal growth was identified based on its
morphology, Lacto phenol blue staining (Konemanet al.,
1977) and ITS sequencing was done at NFCCI, Pune, India.
Genomic DNA from the fungal strain was isolated using ABI
BigDye Terminator 3.1 cycle sequencing kit. The ITS region
of rDNA was successfully amplified using universal primers
ITS4, ITS5 (ITS4: 5 TCCTCCGCTTATTGATATGC3! and
ITS5 5 GGAAGTAAAAGTCGTAACAAGG3Y). The
sequence obtained from ABI 3100 automated DNA sequencer
was used for the BLAST anaysis (http://blast.nchi.nim.
nih.gov/Blast.cgi). Further the identification of the strain was
done by the percentage of similarity with the other available
organisms in NCBI database. The sequence was used for the
multiple/pair wise alignment using CLUSTALW. Further,
aligned sequence was used for the construction of
phylogenetic tree using the neighbor joining method by

bootstrap percentage on the nodes. The sequence data was
aligned with publicly available sequences & analyzed to reach
identity (Tamuraet al., 2007).

Extraction of cell free culture filtrates for L-asparaginase
assay

The fungal strain was grown on the sterile modified
Czapekdox broth containing 1% L- asparagine as sole
nitrogen source for at 37 °C. After 72 hrs of incubation the
fungal mat produced on the medium was macerated for the
better mixing. Further, medium was centrifuged at 10000 x g
for 5 mins and supernatant was used for the analysis.

Direct Nesslerization test for L-asparaginase activity

The reaction mixture containing 500 ul of 0.04M L-
asparagine, 500 pl 0.5M phosphate buffer (pH 7.8), 500 ul of
an enzyme extract and 500 pl ml distilled water to make the
volume 2 ml. The tubes were incubated at 30°C for 30 mins.
Later, the enzymatic reaction was stopped with addition 500
pl of 1.5 M trichloroacetic acid (TCA). The blank was
prepared by adding enzyme after the addition of TCA. 0.1 ml
from the above mixture was taken and added to 3.7 ml of
distilled water and to that 0.2 ml of Nessler’s reagent was
added. After incubating the mixture at 20°C for 20 minutes
the OD was checked at 450 nm with Spectrophotometer
[Hitachi U 2900] (Imada et al., 1973). The enzyme activity
was calculated using the following formula and expressed in
International unit.

Actviy of enzyone maitsaely = openzl of WHE lbermeds X cacnal valome of wdxture e ol

Vol of sneyme wivte re nzed {Insubscico ime Vel of

ermyme Usgd v Final men inomlp

Where,

Initial volume of enzyme mixture (ml) = 2.5,

Volume of enzyme mixture used in final reaction (ml) = 0.1,
Incubation time (minutes) = 30, Volume of enzyme used (ml)
=1

One International unit of enzyme is defined as the amount of
enzyme needed to liberate one

Micromole of ammonia from L-asparaginase under the
conditions of assay (pH = 7.0; 37°C).

Optimization of solid state Fermentation Parameters
Substrate Selection

Isolated fungus was grown on various agro wastes like rice
bran, rice husk, ground nut oil cake, linseed oil cake, corn
kernels and sugarcane bagasse for the screening of substrates
for solid state fermentation. 10 g of the substrate was
moistened with water in a 250 ml Erlenmeyer flask and
autoclaved. Later, it was inoculated with 1 ml of spore
suspension and incubated at 37°C for 7 days in a danting
position and the substrates were screened for maximum
enzyme production.

Biochemical analysis substrates
Estimation of total carbohydrates

Thetotal carbohydrate content of the substrates was estimated
by the method of Dubois et al., (1956) Briefly, al the
substrates of 100 mg were mixed with the 5 ml of 2.5 N HCI
and hydrolyzed in a boiling water bath for 3 hrs and cooled to
room temperature. The compositions were neutralized with
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solid sodium carbonate until the effervescence ceases and
volume was made up to 100 ml and centrifuged at 5000 x g
for 5 mins. The supernatant was collected and utilized for the
carbohydrate estimation with anthrone. The content
carbohydrate was calculated with standard calibration curve.

Estimation of total protein

Extracellular protein content of the substrates was determined
by the method of Lowry et al., (1951). Protein samples were
mixed with alkaline solution and incubated at 37°C for 10 min
and after the incubation time Folin Ciocalteau reagent (FCR)
was added and mixed thoroughly with gentle shaking, the
concentration of extracellular protein was measured at 660 nm
in spectrophotometer.

Estimation of soluble fats

All the substrates were grind to make fine powder, 100 g of
each substrate powder wereextracted with 75 ml of petroleum
ether in a rotor flash evaporator (Buchirotavapor R 210)and
the extract was decanted into small, dry pre weighed beaker
and residual ether content was evaporated on heating pan at
30°C. The difference in the weight of the empty beaker and
after evaporation of the ether gives the amount of fat in the
sample.

Quantitative assay of L-asparaginase activity

To extract the crude enzyme from the fermented substrate, 1g
of the substrate is aseptically collected and mixed with
methanol in the ratio 1:10 (W/V). The suspension was gently
mixed and filtered using Whatmann filter paper No 1. The
filtrate was centrifuged at 10000 x g for 5 mins at 4 °Cand
obtainedsupernatant serves as the crude enzyme extract.
Further, the content of enzyme was estimated by the Direct
Nesdlerization test.

Effect of physical parameters on L-asparaginase production

Different ranges of temperature (25, 30, 35, 37, 40 and 45°C)
and pH (4, 5 6 and 7) were tested on the enzyme
production.The effect of temperature and pH on the enzyme
production was analyzed using most potent the fungal isolate
and substrate which was found to be ideal for the production
of enzyme.

Initial moisture content

The effect of initial moisture content on the growth of the
isolate was tested using 10g of substrate which was moistened
with water in the range of 30-70% and was inoculated with
1ml of the fungal spore suspension (~ 10000 spores) of fungal
isolate and was incubated at 37 °C for 72 hrs.

I mpact of incubation time on the production of enzyme

The role of incubation time on the production of L-
asparaginase production was studied by using 10 g substrate
in different incubation periods like 24, 36, 48, 60, 72 and 96
hrs.The fermentation was carried out a 37°C and other
experimental conditions were referred as constant. The
optimum period achieved was taken for further experiments.

Effect of Nutritional
production
Carbon source

parameters on L-asparaginase

To detect the effect of various carbon sources, the substrate
was supplemented with 0.25 %-1.25 % carbon sources such

as glucose, sucrose and fructose.The fungal strain was
cultivated and the production was assayed by screening the
enzyme activity.

Nitrogen source

The effect of additional inorganic and organic nitrogen source
on L-asparaginase production was studied by adding
inorganic nitrogen sources like ammonium chloride,
ammonium sulphate and ammonium nitrate and organic
nitrogen sources such as peptone, yeast extract and beef
extract were used in the range of 0.25 %, 0.5 %, 0.75 %, 1.0
% and 1.25 % respectively Ameenaet al., 2009

Phosphate source

Various phosphate sources like di-potassum hydrogen
phosphate, potassium di-hydrogen phosphate and di-
ammonium hydrogen phosphate were used in the range of
0.25-1.25 % and were supplemented to the substrate and the
fermented substrate was extracted and enzyme activity was
recorded.

Metal ions

The effect of various meta ions was recorded by
incorporating the substrate with metal ions such as Mn?,
Zn*, Mg* and Cu*" at the concentration of 0.01-0.03 % and
the flasks were incubated at37 °C for 72 hrs. After incubation
enzyme activity was recorded.

RESULTS AND DISCUSSION
I solation and Screening

In the present study, total of thirty two funga strains
(BBKNM1-32) were isolated from the rhizospheric soil and
four strains namely BBKNM3, BBKNM6, BBKNM11 and
BBKNM 15 showed positive results for rapid plate assay with
coloration zone of 1.61 cm, 0.8 cm, 0.65 cm and 0.5 cm
respectively.

Fig. 1 Aspergillus tamariiBBKNM 3 strainon Czapekdox agar
plate
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Fig. 2 Aspergillus tamarii BBKNM3 strain showing color zone
formation in rapid plate assay

It is also observed that, the strain BBKNM3 (Figure-2) found
to be a potent producer of extracellular L-asparaginase with
higher coloration zone around its growth.

Soil has been an ideal source for the isolation of
microorganisms as it has abundant sources of nutrients. The
rhizosphere regions of plants have always been a source of
amino acids and root exudates to the growing microflora of
the soil (Hosamani and Kaliwal. 2012). Fungi have been
reported to be the promising L-asparaginase producers. The
first fungal L-asparaginase reported was isolated from
Aspergillus terreus and was found to be effective against
carsinosarcoma in rat (De-Angeli et al.,, 1970). The
production of L-asparaginase by Aspergillus nidulans was
reported and was found non-toxic with immunosuppressive
activity (Drainas and Drainas. 1985; Shaffer. 1988)and
production of L-asparaginase has been reported over a wide
range of fungal sources. The choice of Fungi as the source of
the enzyme is due to the fact that prokaryotic L-asparaginase
is known to cause hypersensitivity reactions on long term
usage unlike the eukaryotic L-asparaginase (Narta et al.,
2007). Previoudly, many researchers have isolated fungi from
different samples i.e. Cylindrocarpon obtusisporum isolated
from soil(Raha et al., 1990), Aspergillus. terreus isolated
from decomposing vegetables (Ali. 1994), Mucor sp. isolated
from the marine sponge Spirastrella sp.(Mohapatra et al.,
1997), Aspergillus niger (Mishra et al., 2006), endophytic
fungi H1IBA10, H5BR6 and H5BR?7 isolated from Thailand
medicinal plants (Theantana et al., 2007), Aspergillus,
Penicillum, Fusarium, Helminthosporium, Scophulariopsis,
Paecilomyces and Pestalotiopsis isolated from Bhitarkanika
mangrove ecosystem (Gupta et al., 2009), Aspergillus sp.
(Sreenivasuluet al., 2009b), Bipolaris sp. BR438 (Lapmak et
al., 2010) and A. terreus KLS2 was reported to be good
source of L-asparaginase(Siddalingeshwara et al., 2010a).
Further, modified Czapek-Dox agar was used as a media for
the growth of fungi as it showed luxuriant fungal growth
(Figure-1). The media contained L-asparagine as a sole
nitrogen source and phenol red as an indicator. L-asparagine
also served as an enzyme inducer. The formation of a pink
zone around the microorganism was an indication of the L-
asparaginase production (Figure-2). The color zone formation
around the organism is directly related to the ability of the
organism to produce L -asparaginase (Lapmak et al., 2010). In

our study, the Aspergillus tamarii BBKNM3 strain has shown
the maximum color zone formation which directly shows its
ability to produce L-asparaginase. The change in color (from
yellow to pink) of the indicator resulted from the increase in
pH due to ammonia release. The ammonia along with L-
aspartic acid is formed by the deamidation reaction of the
substrate L-asparagine by L-asparaginase.

Molecular identification

The fungal strain BBKNM3 was observed morphologically
and microscopicallyand was found to belong to the class
Aspergillus.The culture showed the presence of visible
mycelial growth and microscopic spores. Furthermore, the
strain was confirmed at the molecular level by the ITS gene
sequencing The strain showed 99% similarity with a Query
Length of 561, Score - 1027 bits (556), Expect - 0.0, Identities
- 561/563(99%) ,Gaps - 2/563(0%) ,Strand - Plug Minus.
The BLAST analysis showed that the strain BBKNM3 was
99% similar to Aspergillus tamarii strain (122 1 B2).The
phylogenetic tree of the same obtained sequence along with
the other similar hits was constructed using the MEGA7
software (Figures 3 and 4).
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BBKNM3 strain

Optimization of fermentation parameters

Different agro wastes such as rice bran, sugarcane bagasse,
linseed oil cake, groundnut oil cake, corn kernels and rice
husk were used to determine the best suitable substrate for
fermentation. It was found that rice bran gave the maximum
enzyme production with 4.32 1U/ ml of enzyme activity
(Figure-5). The choice of Solid state fermentation as the
suitable method of L-asparaginase production as Solid state
fermentation is 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
(Khamna et al., 2009).
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Fig. 5 Effect of various substrates on the activity of L-
asparaginase

Effect of physical parameters
Temperature

In the present study, Results indicated that L-asparaginase
production was observed to be maximum at 37°C (Figure-6),
followed by 40°C (6.25 U/ ml), 35° C (5.60 U/ ml), 45°C
(5.19 1U/ ml), 30° C (5.13 1U/ ml) and least was found at 25°
C (4.78 1U/ ml). The higher and lower temperature ranges
were atered the metabolic activity of the enzyme (Carrizales
and Jaffe 1986). A wide range of temperature stability has
been reported by researchers for the production of L-
asparaginase. The highest L-asparaginase activity of 40.9
U/gds at 30°C, whereas, optimum activity at 50° C (Maladkar
et a., 1993). Additionally, thermostable L-asparaginase from
Thermusaquaticus was reported, and optimum temperature
was found at 75° C (Curran et al., 1985).

Enzyme activity (1U)
OFRrNWRAUTO N

25 30 35 37 40 45

Temperature (oC)

Fig. 6 Effect of temperature on the activity of L-asparaginase

pH

In fermentation procedure initial pH plays an important role.
The results show that pH 7 was observed to be optimum pH
value for the L-asparaginase production (Figure-7).

oORrNWk~OIO

3 35 4 45 5 55 6 65 7

Enzyme activity (1U)

pH

Fig. 7 Effect of pH on the activity of L-asparaginase

Meanwhile, the production of L-asparaginase was decreased
with lower pH valuesi.e. 6.5 (5.11 [U/ ml), 6.0 (4.60 1U/ ml),
5.5 (3.30 1U/ ml), 5.0 (3.70 U/ ml) 4.5 (3.17 1U/ ml), 4.0
(2.60 U/ ml), 3.5 (1.97 1U/ ml) and least with pH 3.0 (1.24
IU/ ml). Similar results of 7.5 as the optimum pH have been
reported (Narayan et a 2008) [35]. Contradictorily, acidic pH
(4.5) was found to be optimum for the higher activity of L-
asparaginase (Khamna 2009) [31]. The present result is in
agreement with results in which pH 7 had been reported to be
the optimum pH for L-asparaginase production under
submerged fermentation (Drainas and Drainas 1985) [21].

I nitial moisture

The results indicated that the moisture content of 65 % gave
maximum enzyme activity (4.08 1U/ ml) followed by 60 %
(3.721U/ ml), 70 % (3.71 U/ ml), 55 % (3.44 1U/ ml), 50 %
(2.36 U/ ml), 45 % (2.18 U/ ml), 40 % (1.25 1U/ ml), 35 %
(2.28 1U/ ml) and least by 30 % (0.94 1U/ ml). The results
indicate that moisture is an essential element for microbial
growth (Figure-8).

Incubation time
The results indicated that 72 hrs of incubation is the optimum
time for L-asparaginase production. The reason for this can be

dependent on the fungal strain used for the production of the
enzyme (Figure-9).
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Fig. 8 Effect of initial moisture content on the activity of L-

asparaginase
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Fig. 9 Effect of incubation time on L-asparaginase activity

Effect of nutritional parameters
Carbon sources

Results indicated that 0.5 % glucose was the optimum carbon
source with 5.28 U of enzyme activity followed by fructose
(4.84 1U) and sucrose (4.63 IU) (Figure-10).
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Fig. 10 Effect of various carbon sources on L-asparaginase activity

Similar results have been reported with 18.8 IU/ml of enzyme
activity [30]. 0.4 % glucose was chosen to be the best. Other
reports show that 0.3 % glucose (6.92 U/ ml) as the optimum
glucose concentration (Palleum et al., 2011). Carbohydrates
are generaly used as sources of carbon in fermentation.
Carbon sources enhance the growth of microorganism and
also results in the increase of enzyme production. However
the use of carbon sources for L-asparaginase production has
been at two different ends. In case of E. coli W and E. coli
K12, glucose suppressed the growth whereas maximum
production of L-asparaginase with glucose was also reported
(Kumar et al., 2010).

Nitrogen sources

It was found that ammonium sulphate at 0.5 % concentration
showed the maximum enzyme activity (4.77 1U) followed by
peptone (4.17 1U), ammonium nitrate (4.14 1U), yeast extract
(3.91 1U), beef extract (3.83 1U) and least by ammonium
chloride (3.36 IU) (Figure-11). Addition of nitrogen source
with the substrate enhances enzyme activity (Chandrasekaran
1991). 3 % ammonium sulphate was reported to be the
optimum with 191.2 U (Uppuluri et al., 2009). The present
results are in agreement with the results where 0.5 %
ammonium sulphate showed 7.36 U enzyme activity (De-
Angeli et al., 1970).
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Fig. 11 Effect of various Nitrogen sources on L-asparaginase activity

Phosphate sources

Phosphate plays a key role in the regulation of enzymes.
Organic phosphates show lower tolerance range than
inorganic phosphate in secondary metabolic process (Kletzien
et al., 1997). In the present investigation it was found that, di-
potassium hydrogen phosphate with 0.5 % was the ideal
source of phosphate for the production of L-asparaginase

(Figure-12). The present results are similar to the results in
which 0.5 % of di potassium hydrogen phosphate is reported
to be the optimum amount of phosphate requirement
(Mukherjee et al., 2000). Further, the di potassium phosphate
showed an enzyme activity of 5.01 IU and potassium di
hydrogen phosphate showed the least activity (3.71 1U).

]

T

D I I I
[
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Fig. 12 Effect of various phosphate sources on L-asparaginase activity
Metal ions

Metal ions such as Mg, Mn, Zn, Cu, Ca Na and Fe are
essential for cell mass formation and also they act as co-
factors for several bio-synthetic enzymes (Schiffmann et al.,
2005). In the present study it was found that 0.1 % of
manganese enhanced the L-asparaginase production followed
by copper sulphate and zinc sulphate (4.11 1U) and least
activity by magnesium sulphate (3.83 1U) (Figure-13). 10 m
mol/l of metal ions such as Na, K, Mg, Zn, Ca, Co, Baand Ni
are reported not to cause any inhibitory activity (Borkotakyet
al., 2002). Present results are in contradiction to the results
where copper is reported to act as co-factor (Robinson and
Berk. 1969). Supplementation of 0.001 % of Copper, Zinc
and manganese enhances enzyme activity.
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Fig. 13 Effect of various metal ions on L-asparaginase production

CONCLUSION

The present study includes the physical and nutritional
parameters which majorly affect the production of L-
asparaginase. It can be shown that keeping all the parameters
in regard, the production of L-asparaginase can be enhanced
and as fungal L-asparaginase is gaining the attention of
researchers; this process optimization can provide a reference
for the mass production. From the experimental results of the
present study it was concluded that, the soil isolate
Aspergillus tamarii BBKNM3 strain derived a sign that, L-
asparaginase production was dependent on the temperature
and pH. The outcomes have also provided new information on
how the isolated fungal strain is capable to produce the
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extracellular enzyme and the productivity of the enzyme was
increased in the solid state fermentation with rice bran as
substrate. Moreover, optimization of enzyme production by
using different source was found to be ideal way for high
enzyme yield.The future perspective of the present study aims
at the mass production of L-asparaginase and also for the
insight to its other medical applications.
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