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Information of asparaginase has been increasingly forthcoming in recent years
because of their applications as therapeutic agents in the treatment of certain types of
human cancer. In this study, we report, the production of asparaginase from Bacillus
subtilis DALX2 using submerged fermentation. An enzyme activity of 130.9 U/ml was
reached after 24 h of incubation, at an initial pH of 7.0 and an incubation temperature of
37 C. Plackett-Burman design was employed for optimizing culture conditions. Highest
asparaginase was obtained in the medium containing ammonium sulphate as a sole
nitrogen source and glucose as the best carbon source. After Plackett-Burman design, an
enzymatic titer of 166.1 U/ml was recorded. Moreover, cells were entrapped in Ca-alginate
and adsorbed on sponge porous material to increase physical and chemical stability, to
avoid leakage of cells or contamination in fermentation medium. Also, evaluation of the
efficiency of repeated batch fermentation showed that even after 4 cycles, beads were not
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disintegrated till the 4" run.
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Asparaginase, an enzyme catalyzing the
hydrolysis of asparagine to aspartic acid and
ammonia has attracted huge attention due to its
usage against lymphocytic leukemiaand different
other kinds of cancer affecting man (Krasotkinaet
al., 2004; Makky et al., 2013). The enzyme is
present in many animal tissues, bacteria, plants
and in the serum of certain rodents but not of man
(Shuklaet al., 2014). Themajority of gram-negative
and gram-positive bacteria are asparaginase
producers (Huang et al., 2014; Wakil et al., 2015).
Several Bacillus species are known to produce
asparaginase (Makky et al., 2013; Shukla et al.,
2014).

The effect of environmental parameters
and culture conditions on microbial production of
asparaginase has been studied in bacteria (Makky
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etal., 2013) . Theuseof immobilized enzymeslowers
production costs as these can be readily separated
from reaction mixture and hence can be used
repeatedly (Khan et al., 2010; Di Cosimo et al.,
2013). Several different methods have been
employed for enzymeimmobilization whichinclude
adsorption on to insoluble materials, entrapment
in polymeric gels, encapsulation in membranes,
crosslinking with bifunctional or multifunctional
reagents and linking to an insoluble carrier
(Adinarayana et al., 2005). Moreover alginate
beads permit strong physical and chemical stahility,
avoiding the chance of leakage of cells or
contamination in fermentation medium and also
increase the reuse possibilities (Calinescu et al.,
2012; Zhang et al., 2013). The objective of this
study was to evaluate the potentiality of a local
Bacillus species to produce asparaginase to
optimize culture conditions and to examine the
effect of immobilization on the process.
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MATERIALS AND METHODS

Microorganism

Bacillus subtilis DALX2 used in the
present study was locally isolated and identified
by 16SrDNA.

Media

M9 medium composed of (g/l): Glucose,
3.0; Asparagine, 6.0; KH,PO,, 2.0; MgSO,, 1.0;
CaCl,, 1.0 and agar, 20. The medium was
supplemented with few drops of phenol red (2.5%
in ethanol) (Prakasham et al., 2010) and pH was
adjustedto 7.0.

Nutrient agar composed of (g/l): Beef extract, 3.0;
Peptone,5.0; NaCl, 5.0 and agar, 20).

Medium 2 Glucosg, 3.0; (NH,),SO,, 3.0; KH,PO,,
1.0;K,HPO,, 1.0, MgSO,, 0.5and CaCl,, 0.5).
MediumI: Glucose, 10.0; Peptone, 10.0; KH_,PO,,
1.0;K,HPO,, 1.0,MgS0O,, 0.5; CaCl., 0.5and FeSO,,
traces(0.125).

Medium &: Glucose, 10; Peptone, 3.0; Yeast extract,
1.0;KH,PO,, 1.0; K,HPO,, 1.0, MgSO,, 0.5; CaCl.,,
0.5; and FeSO,, traces (0.125).

Medium 1V: Glucose, 10; Soy bean, 10; KH,PO,,
1.0;K,HPO,,1.0;MgS0O,, 0.5; CaCl,, 0.5;and FeSO,,
traces (0.125).

Isolation of bacteria: Soil sample (10g)
wascollected and seridly diluted with 200 ml sterile
distilled water. Aliquots from each dilution were
spread on the surface of M9 agar plates and
incubated at 37 °C for 24 h. Colonies displaying
pink red color were considered asparaginase -
producers. Colonieswere purified on nutrient agar
plates, sub-cultured on fresh nutrient agar slants
and stored at 4°C.
| dentification of bacterial isolate

Morphological, biochemical and
physiological tests were done according to
Bergey’sManual of Determinative Bacteriology

Molecular identification: The 16SrDNA
of the strain wasamplified and DNA amplification
was performed with a Thermal Cycler. The PCR
product was purified by using the QIA quick PCR
purification kit according to the manufacturer2 s
instructions (Qiagen, Hilden, Germany). The PCR
was carried out in a total volume of 50 uL
containing 2.5 pL of each primer, 2.5 uL
deoxynucleoside triphosphate mix, 3uL Mg*™ion
(25 mM), 5L buffer (10X buffer provided withthe
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DNA polymeraseenzyme), 1 uL template DNA, 5
pL dimethyl sulphoxide (DMSO), 1 uL of DNA
polymerase and the reaction was completed to 50
uL with distilled water and mixed gently. To each
reaction tube two drops of mineral oil were added.
The reaction mixture was incubated at 94°C for 4
min. Thefollowing PCR cyclewasrepeated 30times:
denaturation at 94°C for 1 min, annealing of primers
at 55°C for 1 min and DNA synthesisat 2°C for 2
min. Thiswasfollowed by 4 minincubationat 72°C
before the mixture was stored at 4°C (Panday and
Das, 2010). Nucleotide sequences thus obtained
were assembled using the sequence alignment
editor program Bioedit (http://www.mbio). Blast
searches for homol ogous sequences of 16SrDNA
inthe public databaseswere performed inthe NCBI
web site (Altschul et al., 1997). Evolutionary
distances to other strains were computed by
neighbor joining method (Saitou and Nei, 1987)
and the phylogenetic tree was constructed by
software MEGAS (Tamuraet al., 2007).
Enzymeproduction

Cultivation was achieved by submerged
fermentation as previously reported by Olama &
El-Sabaeny (1993). 50 ml of M9 medium were
inoculated with 2ml of the prepared bacterial
suspension, and incubated at 37°C under static or
shacked condition for 24 h. After the incubation
period, centrifugation at 5000 rpm for 15 minina
cooling centrifuge was performed and the clear
supernatant was assayed for enzymatic activity
and estimation of protein. Three flasks were
prepared for each experimental variable and the
results obtained throughout the work were the
arithmetic mean of at least two experiments.
Estimation of protein content

The protein content of the enzyme was
determined by themodified L owry'smethod (1951).
Enzymeassay

The enzyme was assayed by direct
nessl erization method according to the method of
Wriston & Yellin (1973). Insummary, 0.5ml of crude
enzyme preparation wasadded to 1.0 ml of 0.05 M
borate buffer (pH 7.2) and thereaction wasinitiated
by adding 0.5 ml of 0.08 M asparaginefor 30 min, at
37°C. Reaction was stopped by the addition of 0.5
ml of 15 % tri chloro-acetic acid solution and the
precipitated protein wasremoved by centrifugation
(5000 rpm) inacooling centrifugefor 15min. The
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ammonia released in the supernatant was
determined using a spectrophotometer at 500 nm.
Enzyme and substrate blanks wereincluded in all
assays. A standard curve was prepared with
ammonium sulphate. One asparaginase unit (U) is
defined asthat amount of enzyme, which liberates
1 1 mole of ammonia/min. under the optimal assay
conditions.

Asparaginase production by immobilized cells

Immobilization was performed by
entrapment of bacterial cells in Ca-alginate gel
(Jobanputra et al., 2011), in agar gel or gelatin.
Adsorption of bacterial cellson some solid porous
materials (Martins, et al., 2013) was also tried.
Cultivation was done in Erlenmeyer flasks
containing 50 ml sterilized culture medium and
sponge cubes (about 20 cubes), [uffapulp, pumice
or clay particles (about 20 particles).

Semi continuous production of
asparaginase by alginate entrapped cells and
adsorbed cells wasasotested (Duarteet al., 2013).
Immobilized beads and sponge were separately
used repeatedly in batch fermentation process to
determine the reuse efficiency of immobilization
procedure. After attai ning maximum production of
asparaginase by immobilized cells, the spent
medium was replaced and the procedure was
repeated until arelatively low activity was obtained.
Plackett-Burman design (Plackett and Burman,
1946)

The matrix and design are presented in
the results section. Statistical analysis of dataon
enzyme activity were subjected to multiple linear
regression using MICROSOFT EXCEL 97 to
estimatet-value, P-value and confidencelevel. The
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Fig. 1. Phylogenetic tree showing the relationship
between Bacillus subtilis DALX2 and its homology
strains using MEGA4 program
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significancelevel (P-value) was determined using
the Student’s t-test. The t-test for any individual
effect allows an evaluation of the probability of
finding the observed effect purely by chance. If
this probability is sufficiently small, the ideathat
the effect was caused by varying the level of the
variable under test is accepted.
Confidencelevel isan expression of the P- value
in percent

Optimal value of activity was estimated
using the solver function of MICROSOFT EXCEL
tools. (Yuetal., 1997).

RESULTS

Four bacterial isolates (DALX1; DALX2;
DALX3 and DAL X4), which displayed pink red
coloured colonieson M9 agar plateswere screened
guantitatively in flasks inoculated with 2 ml
bacterial suspension and incubated under static
conditionsfor 24 h. Theresultsshowed that DAL X2
supported the highest asparaginase activity (109.5
U/ml) , whereas DAL X3(11.3 U/ml) gavethelowest
results. Accordingly DALX2 was selected for
identification and optimization experiments. (data
not shown).
I dentification of DAL X2

Cells of DALX2 were gram positive,
endospore forming large rods. Physiological and
biochemical characteristics showed that, they were
facultative anaerobes. Positive with catalase,
Voges—Proskauer, gelatinase enzyme production,
nitrate reduction and citrate utilization. The
bacterium grew over atemperature range between
30 C—-55C and pH 5.7-6.8 in nutrient broth and
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Fig. 2. Effect of aeration on enzyme production by B.
subtilisDALX2 grownin50ml M 1 mediumfor 48 h at
37CandpH 7
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Fig. 3. Effect of initial pH on asparaginase activity of
BacillussubtilisDALX2 grownin 50 ml of M1 medium
receiving 2 ml inoculum and incubated at 37 C
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Fig. 5. Main Effect of variablesinfluencing asparaginase
production from Bacillus subtilis DALX2

Table 1. Variables and their levels employed in
Plackett- Burman design for screening of free culture
conditions affecting asparaginase production by
Bacillus subtilis DALX2 on M1 medium

Vaue
1+ 0 1- Variables Code
45 3 15 (NH4)2S04 (g/l) X1
45 3 15 NH4Cl (g/l) X2
45 3 15 Asparagine (g/l) X3
45 3 15 Glucose(g/l) X4
45 3 15 Maltose (g/l) X5
15 10 05 K2HPO4 (g/1) X6
15 10 05 KH2PO4 (g/1) X7
075 05 025 MgSO4 (g/l) X8
075 05 025 CaCl2(g/l) X9
3 2 1 Inoculum Size (% v/v) X10
48 24 18 Incubation period (hour) X11
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Fig. 4. Effect of temperature on asparaginase activity
by Bacillus subtilis DALX2 grown in 50 ml of M1
medium, receiving 2 ml inoculum, at pH 7
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Fig. 6. Variable percent for production of asparaginase
from BacillussubtilisDALX2

tolerated up to 2 to 7 % NaCL. Negative with
indole, urease production and formation of gas
from glucosefermentation and for nitratereductase
. Formed acid with D(-) Glucose, L (+) Arabinose,
D(-) Mannitol and D(-) Xylose.

Sequence analysis of 16SrDNA showed
96 % similarity to Bacillus subtilis and was thus
designated as B.subtilis DALX2. The sequence
was deposited in Gen Bank database with an
accession number of KR259637. The Phylogenetic
treeisshowninFig 1. .
subtilis DAX2 asparaginase
Effect of medium composition

Fivedifferent media(M I, M I1, M 111, M
IV and M 9) were examined for asparaginase
production by B. subtilisDALX2. Flasksreceived
2ml inoculum and wereincubated for 24 hat 37 C
under static conditions.
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Results revealed that, the highest value
of asparaginase activity (112.4 U/ml was achieved
with M | medium, whereasM 3 resulted inthelowest
enzymeactivity (46.1 U/ml). ( datanot shown)
Effect of aeration and incubation time

The data shown in Fig 2, depict that the
enzyme activity increased till its maximum value
(130.9 U/ml) after 24 h of incubation under shacked
conditions. On the other hand, lower activity (112.4
U/ml) was recorded under static conditions at the
sameincubation time.

Effect of carbon and nitrogen sour ces
Among different carbon and nitrogen
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sources examined, the highest enzymatic titer
(131.1 U/ml) wasrecorded in presence of glucose
and ammonium sulphate (data not shown).
Effect of initial pH and temperature
Asparaginase activity was estimated in
M1 medium containing ammonium sulphate and
glucose and adjusted to different pHsfrom 2.0 to
8.8. Asshownin Fig 3. maximum activity (130.9 U/
ml) wasrecorded at pH 7.
Incubation at different temperatures (10-
55 C) showed avariation in enzyme activity witha
maximum activity (130.9U/ml) at 37 C (Fig 4).

Table 2. Experiment combination variables (showing the design plan and the averages of
asparaginase activity (U/ml) for the different trials).

Exp.No. X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 Asparaginase
activity(U/ml)

1 - - - - + + + - + + - 124.1

2 + + + - + + - + - - - 138.3

3 - - - - - - - - - - - 1136

4 0 0 0 0 0 0 0 0 0 0 0 153.2

5 + - + + - + - - + + 159.2

6 - + + - + - - - + + + 152.1

7 + + - + + - + - - - + 166.1

8 - + - + - - - + + + - 143.3

9 + - - + + + - + + - + 148.6

10 + - + - - - + + + - + 157.8

11 - - + + + - + + - + - 143.4

12 0 0 0 0 0 0 0 0 0 0 0 153.2

13 - + - - - + + + - + + 126.9

14 - + + + - + + - + - - 122.1

Note: X1; (NH,),SO,, X2; NH,Cl, X3; Asparagine, X4, glucose, X5; matose, X6; K,HPO,, X7; KH,PO,, X8;
MgSO,.7H,0, X9; CaCl,.2H,0, X10; inoculum size and X11; incubation period.

Table 3. Coefficient value of the factor

Coefficientst Stat P- value

(NH,),SO, 0.389 13.85 0.005
NH,CI 0.143 5.12 0.036
Asparagine -0.121 -4.33 0.049
Glucose 0.081 2.89 0.101
Maltose 0.008 0.29 0.802
K,HPO, -0.116 -4.15 0.053
KH,PO, 0.284 10.12 0.009
MgSO,.7H,0 -0.008 -0.31 0.787
CaCl,.2H,0 0.155 5.91 0.027
Inoculum size -0.001 -0.04 0.969
Incubation period  -0.027 -0.99 0.427
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Fig. 7. Effect of different immobilization materials on
the production of asparaginase by Bacillus subtilis
DALX2
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Application of Plackett - Burman for optimization
of Bacillus subtilis DAL X2 asparaginase
production

The main aim of thisexperiment wasthe
optimization of cultivation conditions that could
affect asparaginase production. For this reason,
screening design namely; Plackett - Burman
experimental design was applied toinvestigatethe
significance of various factors on asparaginase
production. Eleven chemica and environmental
independent variables (including fermentation
conditions and medium constitution) were
examined intwo levels: -1 for low and +1 for high
level based on Plackett - Burman design (Table 1).
According to the matrix illustrated in Table 2, the
independent variables were screened in 14
combinations. The main effect of each variableis
the difference between the average of
measurements at high setting (+1) and the average
of measurements observed at low setting (-1) of
that factor. Plackett-Burman experimental design
was based on thefirst order model (Equation 1):

Y=BO+ZBiXi ()

Where, Y is the predicted response, 0
and Bi are constant coefficients, and Xi isthe coded
independent variables estimates or factors. The
quality of fit of the polynomia model equationwas
expressed by the coefficient of determination R?.

Selected Variables, listed in Table 1 show
the ability of Bacillus subtilis DAL X2 to produce
asparaginase at the optimum values.

Eleven different factors including
fermentation conditions and medium constitution
were screened for their effect on asparaginase
production using the Plackett — Burman design.

The design plan and the averages of
asparaginase activity for the different trials are
giveninU/ml and shownin Table2. Themain effect
of each variable was estimated as the difference
between both averages of measurements made at
thehighlevel (+1) and at thelow level (-1) of that
factor. The datain Table 2 show awide variation
from 113.6t0 166.1 U/ml of asparaginase activity.
This variation reflects the importance of medium
optimization to attain higher productivity. The
analysis of the data from the Plackett— Burman
experiments involved afirst order (main effects)
model. Themain effects of the examined factorson
the enzyme activity were calculated and presented
graphically in Fig. 5 and also the regression
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analysis. On the basis of the analysis of the
regression coefficients of the 11 variables after 48
h of incubation, (NH,),SO,, NH,CI, glucose,
KH,PO, and CaCl,.2H,O showed the highest
positive significance on asparaginase activity.
Asparagine and K, HPO, showed negative effect.
Nearly non- significant effect in enzyme activity
was recorded due to change in maltose, inoculum
size and incubation period. Furthermore, Figure 6
shows the ranking of factor estimates in a Pareto
chart. The Pareto chart (displaying the magnitude
of each factor estimate) and it isaconvenient way
to view theresults of a Plackett - Burman design.

Onthebasisof calculated P- and t- values
as well as confidence level (Table 3), (NH,),SO,
and KH,PO, were the most significant variables
supported by the lowest P-values recorded (0.005
and 0.009, respectively).

Asparaginase production by entrapment and
adsor ption cells

Bacillus subtilis DALX2 cells were
immobilized on different materials (luffa pulp,
synthetic sponge cubes, clay and pumice particles
asadsorption porous material and Ca-al ginate, agar
and gel atin were used as entrapment materials. The
results presented in Fig.7, reveal that,
immobilization by Ca-al ginate showed the highest
asparaginase activity among the immobilization
material under test (211.6 U/ml).

The culture medium with sponge
adsorbed cells revealed the second highest yield
(196.3 U/ ml). Also agar showed afairly high activity
reading (178.6 U/ml), but still higher than the free
culture. However, gelatin, clay particles, pumice
and luffapulp yielded relatively low asparaginase
activities.

According to these results the
immobilization with Ca-alginate entrapped cells,
was chosen for the enzyme production.

Production of asparaginase by different
concentrations of Ca-alginate entrapped cells:

Using 4% Ca-alginate concentration
yielded the highest enzyme activity and recorded
267.9 U/ml. (datanot shown).

Semi continuous production of
asparaginase by Ca-alginate entrapped Bacillus
subtilisDALX2:

The reuse of Ca-alginate beads 4% lead
to the increase in enzyme activity gradually until
the 4% run, then it decreased again in a gradual
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manner, but till it was higher than the free activity
of the free culture cells(data not shown).

DISCUSSION

Asparaginase (asparagine
aminohydrolase, E.C. 3.5.1.1.) attracted much
attention many years ago, because of its
antineoplastic activity (Shuklaet al., 2014; Jhaet
al., 2015). The enzyme has a particularly high
therapeutic index when used in the treatment of
acute lymphocytic leukemia (Jayam and Kannan,
2014).

Strains producing asparaginase were
identified by the formation of pink colored colonies
on M9 agar medium with phenol red asanindicator
(Prakashamet al., 2010).

In this study, among the bacterial isolates
tested, DAL X2 was the most promising and was
thus selected and identified as Bacillus subtilis
DALX2.

Bacillus subtilis DALX2 proved to be a
potent bacteria producing asparaginase under both
static and shacked conditions using M 9 medium
containing asparagine, at pH 7.0, after 24 hat 37 C.
Production of L-asparaginase by submerged
fermentation was reported with Bacillus cereus
MNTG-7 (Audipudi et al., 2013).

Asparaginase activity was monitored
during 48 h under shacked and static conditions
using the medium contai ning ammonium sul phate.
The enzyme activity increased by extending the
fermentationtill 24 h.

Media containing ammonium sulphate
(3g/l) and glucose (3g/l) showed highest
asparaginase activity (131.1 U/ml). These results
suggest that regulation of BacillussubtilisDAL X2
asparaginase is similar to data obtained by other
investigators (Sunithaet al., 2010; Moorthy et al.,
2010).

Severa workersused ammonium sulphate
for asparaginase production by different bacterial
species namely, Enterobacter cloacae and E.coli
(Mercado & Arenas, 1999). Whereas, it was found
that asparaginase activity was highest in cultures
grownwithammonium nitrate (Nawaz et al., 1998).
Wakil et al., (2015) observed that yeast extract
supported the highest titers of L-asparaginase by
Bacillusfirmus and Bacillus polymyxa. Moreover,
Kenari et al., (2011) showed that yeast extract was
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the best nitrogen source for E. coli.

The action of glucose as catabolic
repressor was reported by some investigators
(Mukherjeeet al., 2000; Wakil et al., 2015).

Aninitial pH value of 7 wasfound to be
the best for maximal Bacillus subtilis DALX2
asparaginase. These results coincide with the
results of other workers (Mukherjee et al., 2000;
Makky et al., 2013 ; Joshi et al., 2015).

Incubation temperature of 37°C was
favourable for maximal asparaginase activity by
BacillussubtilisDALX2. Similar datawerereported
(Mahajan et al., 2014 ; Joshi et al., 2015). In
contrast, (Wakil et al., 2015) observed highest
aspaginase activity at an incubation temperature
of 45°C for Bacillusfirmus, Sreptococcusspp. D1
and Bacillus circulans.

Eleven different factors including
fermentation conditions and medium constituents
were screened for their effect on asparaginase
production using Plackett — Burman design.
Among the selected variables; (NH,),SO,, NH,Cl,
glucose, CaCl,.2H,0 and KH,PO, showed the
highest positive effect. These results are in good
agreement with those reported by Strobel and
Sullivan (1999) and Guptaet al., (2004).

Onthebasisof calculated P- and t- values
aswell asconfidencelevel, (NH,),SO, and KH,PO,
were the most significant variables affecting
asparaginase activity by Bacillus subtilisDAL X2
asrevealed by thelowest P-value (0.005 and 0.009,
respectively). (Guptaet al., 2004)).

Cell immobilization is a technique
generally used for higher productivity by
protecting the cells from shear forces. Among the
tested immobilization materialsused in thiswork,
Ca-alginate supported the highest asparaginase
activity (211.6 U/ml), followed by sponge (196.3 U/
ml) and agar (178.6 U/ml). Similar observationwas
reported by Ray et al., (1995) and Kumar, (2010)
who found that Ca- alginate was reported asagood
immohilizing matrix. Immohilizationinducescellular
or genetic modification that helps to produce
maximum production of the enzymetiter.

Ramakrishnan et al., (2011) and Kumar,
(2010), reported that al ginate beads permit strong
physical and chemical stability, avoiding the
chance of leakage of cells or contamination in
fermentation medium and also increase the reuse
possihilities. Therefore, Ca-alginate entrapped cells
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has been used to evaluate the efficiency of
repeated batch fermentation. By using 4 % Ca-
alginate entrapped cells, a significant amount of
asparaginasetiter (20.04 U/mg protein) was attained

When Ca-alginate (4%) was reused, gel
beads remained without disintegration till the 4"
cycle. In each cycle, theenzymetiter waslowered
very slowly. Thisissimilar to the results obtained
by Amenaet al., (2012), who studied the possibility
for reuse of the immobilized S.gulbargensis to
produce L-asparaginase in a semi-continuous
mode.

Theresultsreveal ed that theimmobilized
cellscontinued to produce significant enzymetiters
for four successive batches. Further repetition,
after 4 cycles, cell leakage occured. In order to
confirm reproducibility of repeated batch study,
this test was repeated three times under the same
conditions.

CONCLUSON

The present study reveals that soil is a
rich source for the isolation of L- asparaginase
producing bacteria. A reasonable amount of
enzymewas achieved with BacillussubtilisDAL X2
in submerged fermentation at 37°C temperature,
and neutral pH using glucose and (NH,),SO, asa
carbon and nitrogen source, respectively.
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