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Abstract
The present study aims for the purification
and characterization of L-asparaginaseproduced
by Fusarium solani. Microbial L-Asparaginase
has attracted considerable attention, owing to the
cost effective and eco-friendly nature. The most
common use of asparaginases is as a processing
aid in the manufacture of food. L-asparaginase
used to reduce the formation of acrylamide, a
suspected carcinogen, in starchy food products
such as baked or fried snacks and biscuits.
Extracellular L-asparaginase was produced by
solid-state fermentation (SSF) using sequential
statistical strategy as optimization for some vital
factors; wheat bran concentration, fermentation
time, moisture content, inoculum size,
temperature, culture age and asparagine
concentration which were adjusted by the
sequential two design of response surface
methodology. Fusarium solani produced the
highest L-asparaginase level (254 I/U) using
Placket-Burman design andimprovement up to
290 U/gds upon applying the Box–Behnken
design. Partial purification of the enzyme using
acetone was done, the specific activity increased
to 709.24/mg in the fraction of 40-60 %
acetoneThe optimum temperature and pH of the
enzyme were 40ºC and 7, respectively. The Km
and Vmax of the partially purified enzyme were
9.1×10-2 mμ and 20 U/mg proteins respectively.
The impact of L-asparaginase on the acrylamide
content reduction after high heat treatment in a
model system as well as in potato based material
was investigated.

Keywords : Fusarium solani -L-Asparaginase Solid State Fermentation- partially purified
enzyme- sequential statistical strategy.
Introduction
Therapeutic enzymes have a wide variety
of applications as replacement for metabolic
deficiencies and as anticoagulants and anti-tumor.
In the field of medicine, L-asparaginase is
considered as an effective antitumor agent (Baskar
and Renganathan, 2009). It is used in the
treatment of lymphoblastic leukemia. An enzyme
called asparagine synthetase in human is
responsible for the synthesis of L-asparaginase
from central metabolic pathway intermediates
inside the cells. L-asparaginase helps in the
hydrolysis of L-asparagine into L-aspartic acid and
ammonia (Jha et al., 2012). The normal cells are
able to synthesize their own asparagine while the
leukemic cells need a great amount of it to keep
up with their rapid malignant growth, Lasparaginase (ASNase) triggers metabolic
reprogramming of leukemic cells which is part of
the adaptation process to stress caused by amino
acid depletion (Hermanova et al., 2016). Also, Lasparaginase is known for its importance in food
application, this enzyme is used in food industry
to prevent the acrylamide formation when foods
are processed in high temperatures. This use is
important because acrylamide is a neurotoxin
classified as potentially carcinogenic to humans
(Cachumba et al., 2016). Previously, bacteria are
considered as a great source for producing Lasparaginase and a series of preclinical and
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clinical tests. Nowadays, fungi, actinomycetes,
plants and animals are different sources for the
enzyme. L-asparaginasefrom fungal sources is
preferred to that of bacterial sources as they don’t
cause allergic reactions and anaphylaxis (Kumar
et al., 2012).
The submerged fermentation technique (SF)
is the most adopted method used throughout the
world for L- asparaginase production. This method
has some limitations which can be overcome by
solid state fermentation technique (SSF). The
latter method has many advantages such as low
energy used, high product, low cost and water
use in addition to simple fermentation media used
(Chavez-Gonzalez et al., 2011).
Agricultural wastes can be used as a
source of nutrients; e.g. agro-wastes from
leguminous crops (Mishra, 2006), rice bran (Venil
et al., 2009), soybean meal (Hosamani and
Kaliwal, 2011).These wastes are cost effective and
environment friendly (Couto and Sanroman, 2005).
The objectives of this work were to study
the various effects that influence the production
of L-asparaginase using F. solani from different
agro-wastes using solid state fermentation and
analyze the mutual interactions among the
variables in a statistically valid manner using
Placket-Burman design. Partial purification of the
enzyme and its kinetic properties also application
of the partially purified in food industry were also
examined.
MATERIALS AND METHODS
Chemicals : All chemicals used in this study were
of analytical grade.
Microorganism and inoculum preparation : The
fungus used through this study was Fusarium
solani provided by culture collection Centre of the
National Research Center, Cairo, Egypt. The
culture was maintained on the modified Czapekdox agar medium supplemented with L-asparagine
1.5 % (w /v), incubated at 30ºC for 3 days, the
stock culture was preserved at –80°C in 50% (v/v)
glycerol with regular monthly transfer. Fungal
suspension was prepared from freshly raised seven

378

days old culture of Fusarium solani on Czapekdox agar slants by suspending in 10 ml of o.85%
sterile saline.
Fermentation medium : Wheat bran obtained
from local market was used as the substrate for
the production of L-asparaginase by F. solani. One
gram of the substrate was taken in 250 ml
Erlenmeyer flasks and moistened by modified
Czapek medium under solid state fermentation
(SSF). The flasks were autoclaved at 121ºC for
20 min, then cooled and followed by inoculation
with 2 ml of spore suspension. The flasks were
mixed thoroughly and incubated at room
temperature for different incubation periods.
Afterwards, the moldy substrate was analyzed
for L-asparaginase production.
Extraction of L-asparaginase in SSF : Samples
were withdrawn after different time intervals of
fermentation and L-asparaginase activity was
tested. A solution of NaCl (1 %), Trition X-100 (1
%) was used to transfer the solid media to liquid
one so that the enzyme could be extracted by
incubating the solution in a shaker at 180 rpm for
2 h at 30ºC (Vaseghi et al., 2013).
Qualitative estimation of L-asparaginase : Lasparaginase was assayed calorimetrically
according to (Usha et al., 2011). A standard curve
was prepared with ammonium sulphate. One Lasparaginase (1U) is defined as the amount of
enzyme that librates 1μmol of ammonia per minute
under optimal assay conditions.
Partial purification of L-asparaginase : The
purification was carried out using crude enzyme
extract according to the following steps at 40ºC
(Shafei et al., 2015).
Acetone precipitation : The enzyme was
precipitated in a sequential manner using different
acetone concentrations (v/v %). The mixture was
centrifuged at 6000 rpm at 4ºC for 30 min and the
precipitate was collected and stored at 4ºC.
Characterization of the partially purified Lasparaginase : Determination of optimum pH
and temperature : Optimum pH and temperature
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were determined by changing individually the
condition of the reaction mixture assay: pH from
5.0 to 7.0 using citrate-phosphate buffer and 8.0
to 9.0 using tris buffer while temperature varied
from 30º to 50º C.

where E(x) is the effect of the tested
variable, M+ and M- represent L-asparaginase
activity from the trials where (x) measured was at
the high and low concentration respectively and
N is the number of trials.

Thermal stability of the partially purified
enzyme : The thermal stability of the enzyme
was evaluated by measuring the residual activity.
Samples were incubated at different temperatures
from 40º-60ºC in tris buffer (1M, pH 8.0) for different
time intervals.

Box-Behnken design for modified Czapekdox
media under SSF: Table IIpresents the design
matrix of 13 trials using this design (Box and
Behnken, 1960), factors of the highest main effect
were prescribed into three coded levels (-1, 0, +1)
for low, middle and high concentrations
respectively). For predicting the optimal point, a
second-order polynomial function was fitted to
correlate the relationship between variables and
responses (L-asparaginase activity). For the three
factors, the equation is as follows:

Substrate specificity and determination of
Vmax&Km : Identical reaction mixtures containing
the same amount of enzyme preparation were
made each received different concentration of Lasparagine (0.02M-0.12M).The maximum reaction
velocity (Vmax), Michaelis–Menten constant (Km)
- defined as the substrate concentration at half
the maximum velocity- of the partially purified
enzyme were measured according to LineweaverBurk plots relating 1/v to 1/s.
Statistical optimization
Placket-Burman design : Seven different
fermentation variables were prepared in two levels
(-1) for the low level and (+1) for the high level
according to Placket-Burman design (1969). The
design is practical especially when there are large
numbers of factors and implemented in the setting
that produce optimal or near optimum responses
(Strobel and Sullivan, 1999).Table ² showed the
factors under investigations as well as the levels
of each factor used in the experimental design;
the Placket-Burman experimental design is based
on the first order model:
Y=â0+ © â1xi
Where Y is the responses, â0 is the model
intercept and â1 is the variables estimates. This
model evaluates the important factors that affect
the production of L-asparaginase using SSF. The
effect of each variable was determined by the
following equation:
E(x) =© M+ - M- /N

Y=â0+ â1x1+â2x2+â3X3+â 12x1x2+â13x1x3+â23x2
x3+â11x12+â22x22+â33xâ32.
Where Y is the predicted response; â0 in the
model constant; X1, X2 and X3 are the independent
variables; â1, â2 andâ3 are the linear coefficients,
â12, â13 andâ23 are the cross product coefficients
and â11, â22andâ33are the quadratic coefficients. The
values of the coefficients were calculated and the
optimum concentrations were predicted using
JMP software. The quality of the fit of the
polynomial model equation was expressed by R2
(regression coefficient). The quality of fit of the
polynomial model equation was expressed by the
coefficient of determination R2. All experimental
designs were randomized to exclude any bias.
Experiments were carried out in duplicates and
mean values were given. The SE of the
concentration effect was the square root of the
variance of an effect, and the significant level (Pvalue) of each concentration effect was determined
using student’s t-test.
T(x) = E(x)/SE
Where E(x) is the effect of the variable x
Validation model : The statistical model was
validated with respect to L-asparaginase
production under the conditions predicted by the
model. Samples were withdrawn at the desired
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intervals and L-asparaginase assay was carried
out.
Effect of moisture level in SSF : The solid
substrate i.e. wheat bran was moistened using
modified Czapek medium the composition of which
was reported previously. Different levels of moisture
were tested 3%, 4% and 5% ml to determine the
optimum moisture level for enzyme production.
The enzyme was the extracted and assayed.
Application of L-asparaginase in food : Potato
chips were washed, peeled and cut into 2mm thick
chips using a slicer. The chips were soaked for
10 min with 5 ml of 0.5 % (w/v) glucose solution.
Five ml of partially purified enzyme solution and
15% (w/v) of tri-chloroacetic acid were incubated
in Tris-buffer (1M, pH 8 at 37°C. The chips were
then fried in oil for 8min at 190°C. The
quantification of acrylamide was performed by an
Agilent 1100 model HPLC system (Waldbrann,
Germany). The chromatographic separations were
performed in Zorbax ODS column using the mobile
phase (7% v/v) methanol in 0.025 mol/L sodium
dihydrogen phosphate) at a flow rate of 1ml/ min.
The acrylamide was detected at 215nm with
continuous monitoring the peak spectra within the
range of 190-350nm. Control samples were also
prepared, using untreated potato chips (Ahn et
al., 2002).
RESULTS AND DISCUSSION
Evaluation of medium composition and
operating condition affecting L-asparaginase
production by Placket-Burman design: In solid
state fermentation, seven factors namely; wheat
bran concentration, fermentation time, moisture
content, inoculum size, temperature, culture age
and asparagine concentration were tested using
Placket- Burman design (1946) for the enzyme
production. Variations of enzyme activity ranging
from 65 to 254 U/ml in the nine trials were observed
(Table I). This variation shows that both medium
composition and the operating conditions have
great influence on the enzyme activity. The main
effects of the tested variables on L-asparaginase
production were calculated and represented in
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Figure 1. The enzyme activity was positively
affected by wheat bran concentration,
temperature, culture age and inoculum size while
the other three factors time, moisture level and
asparagine concentration showed negative effect
on L-asparaginase activity. In order to approach
the optimum response of L-asparaginase activity,
the effective independent variables, including the
temperature (X1), wheat bran concentration (X2)
and moisture level (X3), were further investigated
each at three levels according to the Box and
Behnken design (Table II). These results obtained
were used for ANOVA analysis (Table III).
Mathematical model equation 3 represents
relationship between L-asparaginase activity (Y)
and temperature (X1), wheat bran (X2) and moisture
level (X3) in coded levels was as follows:
Y = 250-0.5X 1 +11.875X 2 + 25.375X 3 +
2.75X1X2-1.75X1X3-5X2X3-12.25X12+X22+11.5X33
The variables X1X2, X1X3 and X2X3 are
interaction effects of temperature-wheat bran
concentration, temperature-moisture level and
wheat bran concentration-moisture level
respectively. The significance of each coefficient
was determined by the F and P-values.
Low P-values of the linear terms for wheat
concentration and moisture level and low P-values
for quadratic terms for temperature and moisture
showed high linear and quadratic effects of this
parameter on enzyme production. Temperature
showed high P-value (0.7584) for linear term and
high quadratic term for wheat bran concentration
which indicated insignificant linear and quadratic
effect of these variables. It should be noted that
the interaction effect of these variables were
significant. From the ANOVA, the high F-value
(44.3095) and low P-values (P<0.0001) indicate
that the regression model were valid.
Lack of fitness more than 0.05 indicate that
the model is significant for enzyme production.
Also (R2) which is multiple correlation coefficients
indicate the correctness of the model also the
predicted value is very close to the actual value.
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Fig. 2: Response surface plots showing the effects of the most significant independent variables on
L-asparaginase production. (A) Wheat bran and temperature (B) Temperature and moisture content
(C) Wheat bran and moisture content
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R2 value is 0.987617 which shows that the
predicted value is very close to 1.0 and also very
close to the actual one.The surface plot and the
pareto chart (Figure 2) showed that near to
moderate levels of wheat bran concentration,
temperature and moisture level supported high Lasparaginase activity.
In each 3D curve (Figure 3 a, b, c), the
effect of two factors on enzyme activity are shown,
keeping other variables constant at zero level.
From the statistical analysis, the moisture content
had the most significant effect on the enzyme
activity. Results obtained are in accordance with
other findings where it was reported that high initial
moisture content is accompanied by a decrease
in enzyme production due to decrease in
substrate porosity, gas volume and fungal growth
in addition to change in structure of substrate
particles. On the contrary, low moisture content
decrease the nutrients solubility, substrate
swelling and water retention by the substrate. All
these factors influence the fungal growth and
consequently the enzyme production (Baysal
et al., 2003; Hosamani and Kaliwal, (2011);
Beniwal et al., (2013).
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Validation of the model: The maximum
experimental response for L-asparaginase activity
was in strong agreement with the predicted values.
Partial purification of L-asparaginase : The
partial purification of the enzyme crude extract
was carried out using acetone precipitation where
the most active fraction was (40-60 %).The enzyme
activity increased with every step of purification
(Table IV). The partial purification steps were rapid
and cost-effective; the fractions were collected and
examined for enzyme activity and protein content.
The total protein decreased from 62, 8 to 21.9 mg
for the crude extract and the final preparation,
respectively. The specific activity increased
to709.24/mg in the fraction of 40-60 % acetone.
The purification fold increase to 3.64.Similar results
were obtained by (Thakur et al., 2014) on the
purification of extracellular L-asparaginase from
Mucor hiemalis by acetone, also (Bora and Bora,
2012)who reported that fewer steps of purification
are more preferred as a loss of about 10% enzyme
yield is recorded at each step of purification.
Kinetic properties of the purified Lasparaginase : Some properties of Lasparaginase from F.solani were investigated as
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shown in Table V . The enzyme was active
between pH values 5.0-9.0 with an optimum
activity at pH 7.0, at higher pH values, Lasparaginase activity decreased. Nearly similar
results were obtained by using Penicillium sp
where the enzyme showed maximum activity at
pH 7.0. (Patro and Goupta, 2012).(Amruthaet al.,
2014) recorded the pH profile of L-asparaginase
from Fusarium sp not only showed optima at pH
9.0 but also was active in the acidic pH that was
in accordance with the studies of Sahuet al., 2007
who indicated that L-asparaginase is pHdependent.
A temperature profile showed that the
enzyme was measured at various ranges from
25-50°C. Maximum activity was obtained at 40°C.
At higher temperatures, the reaction rate declined
gradually until it lost nearly 57.3 %. Nearly similar
results were shown by the purified L-asparaginase
from Penicillium brevicompactum NRC 829 which
was active at a wide range of temperature from
30-75°C with maximum activity at 37°C (El shafei
et al., 2012).
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The temperature tolerance of the enzyme
showed it was stable at 40°C for 15 min, 30 min
and 1 h and may be quite stable at 45°C (FIGURE
IV). There was a progressive loss in enzyme
activity at higher temperatures. L-asparaginase
lost about 23.4 % of its activity after incubation at
50°C for 15 min while a rapid decrease (65 %)
was observed after incubation at 55°C for 15 min.
Kirshna and Gupta (2012) reported near results
for the temperature stability of L-asparaginase at
37°C from Penicillium sp. On the contrary, enzyme
activity from Aspergillus terreus KLS2 showed
stability at temperature 70°C for 30 and 60 min
(Shafei et al., 2015).
L-asparaginase
of
different
microorganisms expresses a great variety of
substrate affinities and consequently plays
ecophysiological roles in the enzyme activities.
The effect of L-asparagine substrate
concentrations (0.02-0.12 mμ/mol) on the partially
purified enzyme was studied. The Km and Vmax of
the partially purified enzyme were 9.1×10-2 mμ
and 20 U/mg proteins respectively. The affinity of
the enzyme to its substrate shows the degree of

Fig. 4 : Thermal stability L-asparaginase produced by F. solani
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its effectiveness towards tumors. L-asparaginase
of different microorganisms has different substrate
affinities and probably plays different physiological
roles in the enzyme activity. The linearity of the
Linweaver-burk double reciprocal plot also
indicates that our enzyme followed MichaelisMenten kinetics (Gaffes, 1975). Also Km and
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Vmax values of L-asparaginase from
Pseudomonas aeruginosa 50071 were 0.147 mM
and 35.7 IU, respectively (El-Bessoumy et al.,
2004).Lower Km values were reported for other
microorganisms like Vibrio succinogens (Prabhu
and Chandrasekaran, 2000).

Fig (5): HPLC chart of (A) Standard acrylamide (B) the untreated fried potato chips (C) the
enzyme (partial purified) treated fried potato chips
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Table (1): Plackett-Burman experimental design for evaluation of factors (Coded levels and real
values) affecting L-asparaginase activity under SSF
Trial

Wheat
Time (h)x2
bran (g) x1

1
2
3
4
5
6
7
8
9

-(3)
+(7)
-(3)
+(7)
-(3)
+(7)
-(3)
+(7)
0(5)

-(8)
-(8)
+(12)
+(12)
-(8)
-(8)
+(12)
+(12)
0(10)

Moisture Inoculum Temp°Cx5
(%)x3 size (ml) x4
-(30)
-(30)
-(30)
-(30)
+(50)
+(50)
+(50)
+(50)
0(40)

+(6)
-(4)
-(4)
+(6)
+(6)
-(4)
-(4)
+(6)
0(5)

+(35)
-(25)
-(25)
+(35)
-(25)
+(35)
-(25)
+(35)
0(30)

Age of Asparagine
culture
conc (g)
(day) x6
x7
+(10)
+(10)
-(4)
-(4)
-(4)
-(4)
+(10)
+(10)
0(7)

-(0.3)
-(0.3)
+(0.5)
-(0.3)
+(0.5)
+(0.5)
-(0.3)
+(0.5)
0(0.4)

Asp.
Activity
U/ml
254
222
208
205
105
222
131
245
65

Table (2): Box-Behnken factorial design for optimization for L-asparaginase production using
SSF
Independent Variables
Trial
1
2
3
4
5
6
7
8
9
10
11
12
13

Temperature oCX1

Wheat bran(g)X2

Moisture level%X3

Asp. ActivityU/ml

- (35)
+(45)
-(35)
+(45)
-(35)
+(45)
-(35)
+(45)
0(40)
0(40)
0(40)
0(40)
0(40)

-(7)
-(7)
+(13)
+(13)
0(10)
0(10)
0(10)
0(10)
-(7)
+(13)
-(7)
+(13)
0(10)

0(25)
0(25)
0(25)
0(25)
-(20)
-(20)
+(30)
+(30)
-(20)
-(20)
+(30)
+(30)
0(25)

228
222
250
255
220
222
280
275
225
255
280
290
250
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Table (3): Analysis of variance for L-asparaginase production by F. solani under SSF
Term
Corrected Model
Intercept
X1(Temperature)
X2 (Wheat bran)
X3 (Moisture)
X1 X2
X1 X3
X2 X3
X12
X22
X32

Coefficient
estimate

DF

SE

SS

t-value

F-ratio

P-value

250
-0.5
11.875
25.375
2.75
-1.75
-5
-12.25
1
11.5

9
1
1
1
1
1
1
1
1
1
1

2.513298
1.539074
1.539074
1.539074
2.17658
2.17658
2.17658
2.265456
2.265456
2.265456

7556.9833
2.0000
1128.1250
5151.1250
30.2500
12.2500
100.0000
554.0769
3.6923
488.3077

99.47
-0.32
7.72
16.49
1.26
-0.80
-2.30
-5.41
0.44
5.08

44.3095
0.1055
59.5317
271.8272
1.5963
0.6464
5.2770
29.2389
0.1948
25.7682

0.0003*
<.0001*
0.7584
0.0006*
<.0001*
0.2621
0.4579
0.0700
0.0029*
0.6773
0.0038*

SS: Sum of squares.DF: Degrees of freedomSE: Standard error
R2 =R Squared = 0.987617 (Adjusted R Squared = 0.965328)*Significant at 5% level.

Table (4): Summary of steps employed in partial purification of L-asparaginase produced byF.
solani
Acetone
Concentration
Crude enzyme
0-20
20-40
40-60
60-80
Total

Total activity Recovered
(u/F)
activity%
9825
1313
655
4213.3
615
6796.3

100
13.36
6.66
42.88
6.26
69.17

Total protein
of fraction
(mg/F)
62.8
8.45
3.625
5.941
3.885
21.90

Specific activity= total activity of fraction /protein of fraction
Culture filtrate means before precipitation
mg/f= milligram / fraction
U/f= unit/ fraction
U/mg protein= unit/ milligram protein

Rania Anwar Zaki et al

Recovered S.E.A
Protein(%) (U/mg)
100
13.45
5.77
9.46
6.18
25.6

156.45
155.40
180.68
709.20
158.30
194.90

Purification
fold
0.80
0.79
0.93
3.64
0.51
1
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Table (5) Some properties of partially pure Lasparaginase produced by F. solani
Properties

Relative activity (%)

pH
5.0
6.0
7.0
8.0
8.5
9.0

90.9
100.6
143.1
100
75.9
50.5

Temperature oC
25
30
35
40
45
50

55.6
64.7
79.5
100
70.6
42.7

Substrate concentration mM/ml
0.02 M
54.1
0.04 M
100
0.06 M
46.2
0.08 M
31.2
0.1 M
11.6
0.12 M
5.6

Application of L-asparaginase from F. solani
in potatoes : The partially purified enzyme was
tested for its impact in potato chips. The released
ammonia confirmed the conversion Lasparaginase present in potato to L-aspartic acid.
Upon frying the potato chips treated with Lasparaginase from F. solani, the acrylamide
formed was approximately 99.3405 % lower than
that with the untreated potatoes (FIGURE V). This
is due to reduction of L-asparaginase in the
external layer of the potato chips that could be
reached by the enzyme. Thus, indicating the
formation of L-aspartic acid and ammonia and
accordingly preventing the formation of Millare
reaction product and reduction in the high Lasparagine content in potato (Shafeiet al., 2015).
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CONCLUSION
ExtracellularFusariumsolani L-asparaginase
was produced by solid-state fermentation
(SSF)using sequential statistical strategy as
optimization for some vital factors; wheat bran
concentration, fermentation time, moisture
content, inoculum size, temperature, culture age
and asparagine concentration. Partial purification
of the enzyme using acetone was done, the
specific activity increased to709.24/mg in the
fraction of 40-60 % acetone The optimum
temperature and pH of the enzyme were 40ºC
and 7, respectively. The Km and Vmax of the
partially purified enzyme were 9.1×10-2 mμ and
20 U/mg proteins respectively. The impact of Lasparaginase on the acrylamide content reduction
after high heat treatment in a model system as
well as in potato based material was investigated.
ACKNOWLEDGEMENT
The authors would like to thank the National
Research Centre,Egypt for financial support in the
frame ofNRC/VPRA/GDRPADU/FSEIRPC/F
28)P100222).
REFERENCES
1.
Ahn,JS, Castle, L, Clark, DB, Lioyd, AS,
Philo, MR and Speck DR.(2002).Verification
of the findings of acrylamide in heated food.
Food Addit.Contam.19:1116-1124.
2.

Amrutha, Vg, Audipudi, Ng,,Supriya, R,
Pallavi,Mp, Ganga. (2014)Characterization
of L-asparaginase producing endophytic
fungi isolated from ripened fruit of capsicum
frutescence.IntJ Pharm. Dev. Tech. 4: 52–
57.

3.

Baskar G, RenganathanindianS. (2009).
Application of latin square design for the
evaluation and screening of supplementary
nitrogen source for L-asparaginase
production by Aspergillus terreus MTCC
1782. J. Sci.Technol.2: 50-54.

4.

Baysal E, Peker H, Kemal M,Temiz A.
(2003). Cultivation of oyster mushroom on
waster paper with some added

Evaluation of factors affecting L-asparaginase activity

Current Trends in Biotechnology and Pharmacy
Vol. 12 (4) 377-389, October 2018, ISSN 0973-8916 (Print), 2230-7303 (Online)

supplementary materials. Bioresour.
Technol.89: 95-97.
5.

Beniwal, V, Goel, G, Kumar, A, Chhokar, V.
(2013). Production of tannase through solid
state fermentation using Indian Rosewood
(Dalbergia Sissoo) sawdust a timber
industry was te. Ann.Microbiol.63: 583-590.

6.

Bora, L, Bora, M. (2012).Optimization of
extracellular thermophilic highly alkaline
lipase from thermophilic bacillus sp isolated
from hotspring of Arunachal Pradesh, India.
Braz. J. Microbiol.43: 30-42.

7.

Boxgep, Behnken, DW. (1960).Some new
three level designs for the study of
quantitative variables. Technometrics. 2:455–
475.

8.

Cachumbajm, Felipe, AFA, Guilherme,
FDP, Larissa, PB, Júlio C. DS, Silvio,
SDS.(2016).Current applications and
different approaches for microbial lasparaginase production Braz. J.
Microbiol.47: 77–85.

9.

Chavez-Gonzalez M, Rodrigues-DuránLv,
Balagurusamy N, Prado-Barragán A,
Rodrigues R, ConherasJc, Aguilar Gn.
(2011).Biotechnological advances and
challenges of tannase: an overview. Food
Bioprocess Technolinpres.Doi 10.1007/
s11947-011-0608-5.

10.

Couto, R,Sanroman, MA.(2005).Review
Application of solid-state fermentation to
ligninolytic enzyme production S.
Biochemical Engineering Journal,22: 211–
219.

11.

El-Shafei,AM, Mohamed, H M, AbdElmontasr,AM, Mahmoud, DA, Elghonemyd
H. (2015).Purification, characterization and
antitumor activity of L-asparaginase from
Penicillium brevicom pactum NRC 829.Br
Microb Res J.2:158–174.

12.

El-Shafeiam, Hassan, MM, Abd-Elmontasr,
M, Mahmoudda,Elghonemy, DH.(2012).L-

388

asparaginase from Penicillium brevicom
pactum NRC 829.Brit. Microbial.Rese.J.2:
158-174.
13.

Gaffar, SA,and Shethna, YI. (1977).
Purification and some biological properties
of Asparaginase from Azoto bactervinel
andii.Appl. Environ.Microbiol.33:508-514.

14.

Hermanovaa, Arruabarrena-Aristorena,
KV, Nuskovahalberich-Jorda, M, Fiser
K, Fernandez-Ruiz, S, Kavan, D, Pecinova,
A, Niso-Santanom, Zaliova M, Novak P,
Houstek J, Mracek T, Kroemer G,
Carracedo A, Trka J, Starkova J.
(2016).Pharmacological inhibition of fattyacid oxidation synergistically enhances
effect of l-asparaginase in childhood ALL
cells. Leukemia.30: 209–218.

15.

Hosamani, Kaliwal, Bb. (2011).Lasparaginase- an antitumor agent production
by Fusarium equisetiusing solid state
fermentation. International Journal of Drug
Discovery. 3(2):88-99.

16.

Jha,Sk, Pasrija, D, Sinha,Rk, Singh,Hr,
Nigam,Vk, Vidyarthi, As. (2012). Microbial
L-Asparaginase: A Review On Current
Scenario And Future Prospects.
International Journal of Pharmaceutical
Sciences and Research.3 (9): 3076-3090.

17.

Krishna, RP, Gupta, N. (2012). Extraction,
purification and characterization of Lasparaginase from Penicillium sp. by
submerged fermentation.International
Journal for Biotechnology and Molecular
Biology Research.3(3):30-34.

18.

Kumar D, Sobha K. (2012). L-Asparaginase
from microbes: a comprehensive review.
AdvBiores.3:137–157.

19.

Lineweaver,H, Burk D. (1934). The
determination of enzyme dissociation
constants. J. Am. Chem. Soc.1: 658-666.

20.

Mishra, A. (2006).Production of LAsparaginase, an anticancer agent, from

Rania Anwar Zaki et al

Current Trends in Biotechnology and Pharmacy
Vol. 12 (4) 377-389, October 2018, ISSN 0973-8916 (Print), 2230-7303 (Online)

Aspergillusniger using agricultural waste in
solid state fermentation. Appl. Biochem.
Biotechnol.135:33-42.

389

Impact of l-asparaginase on a crylamide
content in potato products and its cytotoxic
activity. 9(2): 130-138.

21.

Thakur, M,Lincoln, L, Francois, NN, Sunill,
SM. (2014).Isolation, Purification and
Characterization of Fungal extracellular LAsparaginasefromMucorhiemalis., Journal of
Biocatalysis and Biotransformation. 2(2).

26.

Sahu, MK, Sivakumar, k, Poorani,
E,Thangaradjou,T,Kannan, L. (2007).Studies
on L-asparaginase of actinomycetes
isolated from estuarine fishes. J. Environ.
Biol.28 (2): 465-474.

22.

Patro, KR, Gupta,N. (2012). Extraction,
purification and characterization of Lasparaginase from Penicillium sp.by
submerged fermentation. International
Journal for Biotechnology and Molecular
Biology Research.3(3): 30-34.

27.

Strobel, RJ, Sullivan, GR. (1999).
Experimental design for improvement of
fermentation.In Manual of Industrial
Microbiology and Biotechnology.

28.

Usha, R, Mala, KK, Venil, CK, Palaniswamy,
M.(2011).Screening of actinomycetes from
mangrove ecosystem for L-asparaginase
activity and optimization by response
surface methodology. PolishJ. Microbial.
60:213-221.

29.

Vaseghi, G, Andalib,S, Rabani, M, Sajjadi,
S, Jafarian, A. (2013).Hypnotic Effect of
Salvia ReuteranaBoiss for Treatment of
Insomnia.J Med Plants.12(45):7–13.

30.

Venil, CK, Nanthakumar, KK,arthikeyan, K,
Lakshmanaperumalsamy, p. (2009).
Production of L-asparaginase by
serratiamarcescens SB08: Optimization by
response surface methodology. Iranian J.
Biotech.7: 10-18.

23.

Plackett,Rl,Bunnan, JP. (1946). The design
of multifactorial experiments.Biometrika.33:
305-325.24.

24.

Prabhu, GN, Chandrasekaran, M.
(2000).Purification and Characterization of
an Anti-cancer Enzyme Produced by Marine
Vibrio Costicola Under A Novel Solid State
Fermentation Process. Nature.227: 11361137.

25.

Shafei, MS, Heba, AE, Hanan, M, AbdelMonem,HE, Fawkia,ME, Saadia, ME,
Sanaa, KG. (2015). Purification,
Characteriza-tion and Kinetic Properties of
Penicillium cyclopium L-Asparaginase:

Evaluation of factors affecting L-asparaginase activity

