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Abstract Statistically based experimental design was applied to maximize the production
of glutaminase-free L-asparaginase from Pectobacterium carotovorum MTCC 1428. The
effect of physical process parameters (initial pH of the medium, temperature, rpm of the
shaking incubator, and inoculum size) on the production of L-asparaginase from P.
carotovorum MTCC 1428 was studied using central composite design technique. The
individual optimum levels of initial pH of the medium, temperature, rpm of shaking
incubator, and inoculum size were found to be 6.90, 29.8 °C, 157 rpm, and 2.61% (v/v),
respectively, for the production of L-asparaginase. After physical process parameters
optimization, the production and productivity of L-asparaginase was enhanced by 26.39%
(specific activity) and 10.19%, respectively. Maximization of L-asparaginase production
was achieved at 12 h under optimal levels of physical process parameters in shake flask
level.
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Introduction

L-asparaginase (L-asparagine amidohydrolase, E.C. 3.5.1.1) is one of the most important
agent used in multidrug chemotherapy regimens in the treatment of malignancies, which
derive from lymphoid system, acute lymphoblastic leukemias, and non-Hodgkin lymphoma
[1, 2]. However, the presence of partial glutaminase activity in L-asparaginase is known to
be the main cause of the various side effects associated with this drug [3, 4]. Therefore,
glutaminase-free L-asparaginase is essentially required for successful clinical studies.
Moreover, L-asparaginase is also used in food industry for the production of acrylamide-
free food [5], model enzyme for the development of new drug delivery system [6], and
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L-asparagine biosensor for leukemia [7]. L-asparaginase enzymatically cleaves L-
asparagine (amino acid essential for lymphoblasts’ growth) to ammonia and L-aspartic
acid. The depletion of L-asparagine in serum and cerebrospinal fluid leads to destruction of
lymphoblasts, as they are unable to build their proteins due to the inability of endogenic L-
asparagine production [1, 8].

The production of L-asparaginase has been studied in Serratia marcescens [9], Erwinia
carotovora [10], Escherichia coli [11], Enterobacter aerogenes [12], Bacillus circulans [13,
14], Pseudomonas aeruginosa [15], Bacillus subtilis [16], and Aspergillus species [17] with
various carbon and nitrogen sources under both aerobic and fermentative conditions. The
synthesis of L-asparaginase by Gram-negative bacteria is influenced significantly by
process parameters such as pH, temperature, dissolved oxygen, incubation time, inoculum
volume, aeration, agitation, and medium constituents [9, 12].

Process optimization plays a vital role in industrial production of any metabolites in
which even small improvements would be decisive for commercial success. In any
bioprocess, the improvement in productivity of any metabolite would be achieved through
manipulation of nutritional and physical process parameters. Response surface methodol-
ogy (RSM) is a collection of statistical techniques for designing experiments, building
models, evaluating the effects of factors, and searching optimum levels of parameters for
desirable responses [18]. This method has been successfully applied in many areas of
biotechnology such as bioconversion of cheese whey to mycelia of Ganoderma lucidum
[19], enzyme production [20], enzyme kinetics [21], and bacteriocin production [22].

In this study, we report the optimization of physical process parameters viz. initial pH of
the medium, temperature, rpm of the shaking incubator, and inoculum size to maximize the
production of glutaminase-free L-asparaginase from Pectobacterium carotovorum MTCC
1428. The optimization of these parameters for enhanced production of L-asparaginase was
carried out by central composite design (CCD). The optimal levels of physical process
parameters predicted by the model were verified both in shake flask and bioreactor.

Material and Methods

Microorganism and Culture Conditions

The bacterium used throughout the study, P. carotovorum MTCC 1428, was procured from
Microbial Type Culture Collection and Gene Bank, Institute of Microbial Technology,
Chandigarh, India. This organism was grown on the medium containing (g/l): beef extract
1.0, yeast extract 2.0, NaCl 5.0, peptone 5.0, and agar 15.0 (pH 7.0) at 30 °C. The organism
was sub-cultured every month and maintained at 4±1 °C. The production of L-asparaginase
have been studied in the modified basal semisynthetic medium containing (g/l): carbon
source 3; Na2HPO4·2H2O, 6.0; KH2PO4, 3; NaCl, 0.5; MgSO4·7H2O, 0.5; CaCl2·2H2O,
0.015; yeast extract 1.0; peptone, 1.0; and initial pH of 6.5 [23]. The inoculum was
prepared by adding a loop full of freshly prepared 24 h old pure culture grown on slant into
50 ml of autoclaved above said medium containing glucose as carbon source in a 250-ml
shake flask and incubated at 30 °C and 180 rpm in a shaking incubator for 10–12 h (to
reach culture OD at 600 nm: 0.6∼0.8). A 2% of inoculum from the above seed culture was
added to 50 ml of the medium in 250 ml shake flasks. The flasks were incubated in a
shaking incubator at 30 °C and 180 rpm. Samples were withdrawn at regular interval of
time and measured for L-asparaginase production. Experiments were conducted in
duplicates, and enzymatic assay was performed in duplicates for each sample.
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Assay for L-Asparaginase and L-Glutaminase Activity

Samples were centrifuged at 10,000×g for 10 min at 4±1 °C and washed twice with 0.05 M
Tris–HCl buffer (pH 8.6). Washed cells were ultrasonicated (Model VC 505 Microprocessor
based cell Ultrasonic processor, Sonics & Materials Inc, CT, USA) at 20 MHz, 35% amplitude,
four cycles (2 min per cycles with 1.5 s on and 0.5 s off), and the contents were centrifuged at
20,000×g for 10 min (4±1 °C). The supernatant was analyzed for intracellular L-asparaginase
activity. The activity of L-asparaginase was measured by modified Nessler’s method described
by Kumar et al. [24]. One unit (U) of enzyme activity was defined as the amount of enzyme
that liberates 1 μM of ammonia per min at 37 °C. Specific activity is expressed as units per
milligram of protein. Glutaminase activity was determined by direct nesslerization as described
by modified method of Mashburn and Wriston [25] using L-glutamine as substrate.

Protein Concentration

The total protein contents of the samples were determined according to the method
described by Lowry et al. [26] using bovine serum albumin (Sigma) as standard.

Optimization of the Physical Process Parameters by CCD

The initial pH of medium, temperature, rpm of the shaking incubator, and inoculum
size were considered in the present optimization process. The production of
L-asparaginase (specific activity) by P. carotovorum MTCC 1428 was taken as the
response. The physical process parameters were optimized using RSM [27]. The
minimum and maximum ranges of the variables with regard to their values in actual
and coded form are provided in Table 1. The CCD with four variables at three levels was
employed in this regard using statistical software package MINITAB® Release 15.1, PA,
USA [28]. According to CCD, the total number of treatment combinations was 30
¼ 2k þ 2k þ 6
� �

, where k is the number of independent variables [29]. Twenty-four
experiments were augmented with six replications at the center points to evaluate the pure
error (Table 2). The relationship among the variables, i.e., initial pH of the medium,
temperature, rpm of the shaking incubator, and inoculum size was expressed mathemat-
ically in the form of a quadratic model (Eq. 1), which gave the response as a function of
relevant variables.

Y ¼ b0 þ
Xk

i¼1

bi Xi þ
Xk

i¼1

bii X
2
i þ

X

i

X

j

bij Xi Xj ð1Þ

Table 1 Ranges and levels of the independent variables for CCD matrix.

Variables Symbol coded Range and levels

−2 −1 0 +1 +2

Initial pH A 6.0 6.5 7 7.5 8.0

Temperature B 24 28 32 36 40

RPM C 100 140 180 220 260

Inoculum size D 1 2 3 4 5
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Where, Y is the response (enzyme production), b0 is the constant coefficient, Xi (i=1–4)
are non-coded variables (initial pH of medium: A, temperature: B, rpm of the shaking
incubator: C and inoculums size: D), βi are the linear, βii are the quadratic, and βij (i and j=
1–4) are the second-order interaction coefficients. The statistical software package,
MINITAB® Release 15.1, PA, USA, was used for the regression analysis of the
experimental data and also to plot the response surface graphs. The F test was used to
evaluate the significance of the model.

Table 2 A 24 full-factorial CCD matrix in real values and coded units (in parenthesis) with experimental and
predicted values of L-asparaginase production.

Run
order

Uncoded and coded levels Specific activity
(U/mg)

Enzyme activitya

(U/ml)
Cell growtha

(g/l)

A B C D Observeda Predicted

1 6.5 (−1) 28 (−1) 140 (−1) 2 (−1) 34.10±0.25 33.62 17.45±0.42 1.17±0.02

2 7.5 (+1) 28 (−1) 140 (−1) 2 (−1) 33.85±0.29 32.71 17.23±0.37 1.12±0.03

3 6.5 (−1) 36 (+1) 140 (−1) 2 (−1) 25.42±0.42 24.39 14.17±0.51 1.01±0.06

4 7.5 (+1) 36 (+1) 140 (−1) 2 (−1) 24.35±0.22 24.24 13.98±0.27 0.96±0.04

5 6.5 (−1) 28 (−1) 220 (+1) 2 (−1) 25.38±0.18 25.92 14.18±0.42 1.02±0.01

6 7.5 (+1) 28 (−1) 220 (+1) 2 (−1) 24.36±0.29 23.65 14.28±0.25 0.97±0.03

7 6.5 (−1) 36 (+1) 220 (+1) 2 (−1) 16.67±0.12 17.24 9.40±0.51 0.65±0.05

8 7.5 (+1) 36 (+1) 220 (+1) 2 (−1) 15.42±0.28 15.74 9.31±0.19 0.62±0.04

9 6.5 (−1) 28 (−1) 140 (−1) 4 (+1) 27.30±0.22 27.30 15.38±0.22 0.99±0.07

10 7.5 (+1) 28 (−1) 140 (−1) 4 (+1) 28.55±0.51 26.54 16.49±0.59 1.05±0.08

11 6.5 (−1) 36 (+1) 140 (−1) 4 (+1) 17.41±0.16 16.68 10.60±0.36 0.75±0.05

12 7.5 (+1) 36 (+1) 140 (−1) 4 (+1) 16.91±0.89 16.69 9.61±0.53 0.69±0.04

13 6.5 (−1) 28 (−1) 220 (+1) 4 (+1) 25.36±0.30 24.03 14.75±0.93 1.02±0.01

14 7.5 (+1) 28 (−1) 220 (+1) 4 (+1) 20.57±0.28 21.92 12.20±0.26 0.86±0.03

15 6.5 (−1) 36 (+1) 220 (+1) 4 (+1) 12.52±0.43 13.97 7.02±0.39 0.49±0.04

16 7.5 (+1) 36 (+1) 220 (+1) 4 (+1) 13.58±0.29 12.62 7.87±0.88 0.53±0.03

17 7.0 (0) 32 (0) 180 (0) 3 (0) 33.42±0.42 34.60 17.38±0.59 1.13±0.02

18 7.0 (0) 32 (0) 180 (0) 3 (0) 33.40±0.16 34.60 17.24±0.73 1.08±0.01

19 7.0 (0) 32 (0) 180 (0) 3 (0) 33.65±0.48 34.60 17.33±0.46 1.08±0.03

20 7.0 (0) 32 (0) 180 (0) 3 (0) 33.51±0.03 34.60 17.31±0.70 1.09±0.02

21 6.0 (−2) 32 (0) 180 (0) 3 (0) 26.63±0.28 26.56 14.03±0.63 0.98±0.03

22 8.0 (+2) 32 (0) 180 (0) 3 (0) 23.13±0.01 24.30 12.69±0.26 0.97±0.02

23 7.0 (0) 24 (−2) 180 (0) 3 (0) 22.19±0.03 23.52 12.34±0.14 0.95±0.07

24 7.0 (0) 40 (+2) 180 (0) 3 (0) 5.21±0.76 4.99 2.37±0.59 0.31±0.04

25 7.0 (0) 32 (0) 100 (−2) 3 (0) 22.97±0.62 25.26 11.85±0.41 0.96±0.04

26 7.0 (0) 32 (0) 260 (+2) 3 (0) 14.67±0.32 13.49 8.21±0.57 0.54±0.03

27 7.0 (0) 32 (0) 180 (0) 1 (−2) 21.31±0.14 21.76 11.44±0.30 0.86±0.02

28 7.0 (0) 32 (0) 180 (0) 5 (+2) 11.67±0.34 12.33 6.05±0.38 0.43±0.04

29 7.0 (0) 32 (0) 180 (0) 3 (0) 33.70±0.28 31.30 17.32±0.57 1.11±0.03

30 7.0 (0) 32 (0) 180 (0) 3 (0) 33.35±0.21 31.30 17.39±0.48 1.07±0.02

a The observed values of L-asparaginase specific activity, enzyme activity and cell growth were the mean
values of duplicates with standard deviation (mean±SD)
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Validation of the Experimental Model

In order to validate the model, experiments were performed at optimal levels of physical
process parameters in pre-optimized medium in shake flask and 7 L bioreactor (Biostat B plus,
Sartorius, Germany). The bioreactor was operated at optimal levels of physical process
parameters and aeration rate of 1.5 vvm with uncontrolled pH. The samples were drawn at
regular interval of time and specific activity was measured in duplicates. All experiments in
shake flasks were conducted in duplicates and averages of the results were taken as response.

Results and Discussion

Production of L-Asparaginase

Initially basal medium containing glucose was used for the production of L-asparaginase
from P. carotovorum MTCC 1428. Under un-optimized levels of medium components the
production of intracellular L-asparaginase was found to be 3.35 U/mg of protein. The
production of L-asparaginase in the optimized medium was found to be 27.88 U/mg of
protein under un-optimal levels of physical process parameters in shake flask level [24].
There was no trace of extracellular L-asparaginase observed in the culture filtrates. It was
reported that the glutaminase-free L-asparaginase have shown less allergic reactions [3].
Hence, the existence of glutaminase activity in the samples of L-asparaginase from P.
carotovorum MTCC 1428 was tested. The L-asparaginase from P. carotovorum MTCC
1428 was shown high specificity towards its natural substrate, L-asparagine, and no activity
of L-glutaminase was observed in the samples [30]. We have isolated the crude cytosolic L-
asparaginase and purified to homogeneity by three steps purification process and molecular
weight of purified L-asparaginase was confirmed by Native PAGE, gel exclusion
chromatography and MALDI-TOF (data not shown). The intact L-asparaginase was found
to be homotetramer of size 144.42 kDa and its subunit size of 36.10 kDa was determined by
MALDI-TOF mass spectrophotometry analysis.

Though L-asparaginase was produced by various microorganisms, L-asparaginase from
various E. coli and Erwinia strains were used as a chemotherapy agent due to high catalytic
activity and specificity towards L-asparagine [4]. Most of the L-asparaginases from various
microorganisms possess glutaminase activity, which causes various side effects during
therapy, hence glutaminase-free L-asparaginase will be advantageous and value added
product [3].

Optimization of Physical Process Parameters for Maximization of L-Asparaginase
Production

According to the CCD, each physical process parameter was investigated at three levels to
maximize the L-asparaginase production [31]. Experiments were performed according to the
design matrix to optimize the levels of physical process parameters (initial pH of the medium,
temperature, rpm of the shaking incubator, and inoculum size) using central composite
experimental design. The design matrix and the corresponding results of observed and
predicted responses (production of L-asparaginase) are shown in Table 2. The cell growth and
L-asparaginase activity (U/ml) data inferred the growth-associated production of L-
asparaginase (Table 2). The enzyme activity varies from 2.37 to 17.45 U/ml, where as cell
growth from 0.31 to 1.17 g/l. Hence, optimization of levels of physical process parameters for the

Appl Biochem Biotechnol (2011) 163:327–337 331



production of L-asparaginase is required. Table 2 showed that the high agitation speed (220 and
260 rpm) has negative affect on the L-asparaginase production, which inferred that the
production of L-asparaginase by P. carotovorum MTCC 1428 favor at low agitation speed.
Geckil and Gencer [32] were also observed the similar effect on the production of L-
asparaginase by E. aerogenes. Similarly, the cell growth was inhibited at high aeration rates.
This might be due to the microorganism used more substrate for its maintenance than the
growth, which leads to low level of enzyme production. The cell growth and L-asparaginase
production by P. carotovorum MTCC 1428 was also significantly affected by temperature and
less than 32 °C favors the cell growth and L-asparaginase production (Table 2). At an initial pH
of 7.0 and low rpm favors the cell growth and production of L-asparaginase. By applying the
multiple regression analysis on the experimental data, the following second-order polynomial
equation (Eq. 2) was found to explain the production of L-asparaginase from P. carotovorum
MTCC 1428.

Yspecificactivity ¼ �541:370þ 80:820Aþ 15:326Bþ 0:606C þ 16:258D� 5:870A2 � 0:266B2 � 0:002C2

�3:564D2 þ 0:095AD� 0:017ABþ 0:078AC þ 0:001BC � 0:087BDþ 0:028CD
ð2Þ

Where, Yspecific activity is the response (enzyme production), A is initial pH of the medium, B is
temperature, C is rpm of the shaking incubator, and D is inoculum size.

ANOVA gives the value of the model and can explain whether a more complex model is
required for a better fit. If the F test for the model is significant at the 5% level (P<0.05),
then the model is fit and can adequately account for the variation observed. The statistical
significance of the second-order model equation was checked by an F test (ANOVA) as
shown in Table 3. According to the ANOVA of the quadratic regression model, the model is
highly significant, as is evident from the Fisher, F test (mean square regression: mean
square residual is 123.19) with a very low probability value (Pmodel>F is 0.0001). The F
value is the ratio of the mean square due to regression to the mean square due to error. In
general, the calculated F value should be several times greater than the tabulated value for a
good model. If the F value is greater than tabulated F value, the null hypothesis is rejected
at α level of significance and infers that the variation accounted for the model is
significantly greater than the unexplained variation. In this case, the null hypothesis is
rejected at P<0.0001 level of significance for specific activity of L-asparaginase. This
shows that the squared regression was significant at the level of 97.61% for L-asparaginase

Table 3 Analysis of variance (ANOVA) for quadratic model.

Source DF SS MS F value Prob. (P)>F

Block 1 145.55 145.55 71.83 0.000

Regression 14 3,494.76 249.62 123.19 0.000

Linear 4 1,728.00 91.98 45.39 0.000

Square 4 1,718.04 429.51 211.96 0.000

Interaction 6 48.73 8.12 4.01 0.003

Residual Error 44 89.16 2.02

Lack-of-Fit 10 80.61 8.06 32.04 0.000

Pure Error 34 8.55 0.25

Total 59 3,729.48

R2 =97.61%; Adj R2 =96.79%

SS sum of squares, DF degrees of freedom, MS mean square
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production. This indicates that the combined effects of all the independent variables significantly
contributed to maximize the production of L-asparaginase. The goodness of the model was
checked by coefficient of determination, R2, implies that the sample variation of 97.61% for
L-asparaginase production is attributed to the physical parameters and also only 2.39% of the
total variation is not explained by the model. The Student t distribution and the corresponding
P values, along with the parameter estimate are shown in Table 4. The P values of all linear and
quadratic relationships between medium components and L-asparaginase production suggest
that they are highly significant (P<0.0001). Also the interaction effect of rpm and inoculums
size is highly significant on the production.

The three-dimensional response surface plots were constructed to predict the L-asparaginase
production for different values of the tested variables and to analyze the interactions among the
variables. The response surface plots were constructed by plotting the response (specific
activity of L-asparaginase) on the z-axis against any two independent variables, while
maintaining other variables at their optimal levels as shown in Fig. 1 (a–f). As shown in the
Fig. 1 (a, c, and e), there was significant effect of temperature on the production of
L-asparaginase. The maximum level of L-asparaginase production was observed at a range of
28–32 °C. However, effect of initial pH of the medium on L-asparaginase production with
other physical parameters was not much significant in comparison to other interactions and
achieved upper limit at a range of 2–3% (v/v; Fig. 1 (a, b, and d)). The interaction of initial
pH (Fig. 1 (a, b, and d), P>0.184) with other variables and temperature with rpm (Fig. 1 (c),
P=0.585) were not prominent. The interaction of rpm and inoculums size (P=0.000) was
very prominent as shown in Fig. 1 (f). Similar effect was observed for temperature with
inoculums size (Fig. 1 (e)).

The optimum levels of initial pH of the medium, temperature, rpm of the shaking
incubator, and inoculum size were determined by maximizing the regression equation and
were found to be 6.9, 29.8 °C, 157 rpm, and 2.61% (v/v), respectively. The parity plot
(Fig. 2) showed a satisfactory correlation between the experimental and predicted values

Table 4 Model coefficient estimated by multiple linear regressions.

Model term Parameter estimate SE coefficient Computed t value P value

Intercept −541.370 55.4847 −9.757 0.000

Block 1.652 0.1949 8.475 0.000

A 80.820 11.8166 6.840 0.000

B 15.326 1.2187 12.576 0.000

C 0.606 0.1120 5.407 0.000

D 16.258 4.3725 3.718 0.001

A2 −5.870 0.7688 −7.636 0.000

B2 −0.266 0.0120 −22.175 0.000

C2 −0.002 0.0001 −15.518 0.000

D2 −3.564 0.1922 −18.542 0.000

AD 0.095 0.1258 0.759 0.452

AB −0.017 0.0126 −1.350 0.184

AC 0.078 0.5033 0.155 0.877

BC 0.001 0.0016 0.550 0.585

BD −0.087 0.0629 −1.377 0.175

CD 0.028 0.0063 4.407 0.000
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(obtained from Eq. 2) of L-asparaginase production, wherein, the points cluster around the
diagonal line which indicated the optimal fit of the model, since the deviation between the
experimental and predicted values were minimum.

Fig. 1 Three-dimensional response surface plot for L-asparaginase production showing the interactive
effects of a initial pH and temperature, b initial pH and rpm, c temperature and rpm, d initial pH and
inoculum size, e temperature and inoculum size, and f rpm and Inoculum size
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CCD has been successfully applied in several similar studies to optimize the physical process
parameters for the enhanced production of glucoamylase from Aspergillus species [33],
bacteriocin from Bacillus sp. strain P34 [34], cephalosporin C from Acremonium chrysogenum
[35] and citric acid from Aspergillus niger [36] etc. Recently, Rahulana et al. [37] successfully
used central composite experimental design to optimize the heterogeneous process parameters
for L-leucine amino peptidase production from Streptomyces gedanensis and achieved
twofold enhancement in the production. To the best of our knowledge, we could not find any
report in the literature on the optimization of physical parameters for the production of
glutaminase-free L-asparaginase form P. carotovorum MTCC 1428 in submerged fermenta-
tion. However, a few reports are available for improved production of L-asparaginase using
statistical methods. Enhanced production of glutaminase-free L-asparaginase from P.
carotovorum MTCC 1428 using optimized medium has been reported by our group [24].
Abdel-Fattah and Olama [15] successfully used Plackett-Burman and Box-Behnken
experimental designs for screening and optimization of process parameters to improve
the production of L-asparaginase from P. aeruginosa in solid-state fermentation.
Recently, Hymavathi et al. [13], Prakasham et al. [38], and Neto et al. [39] were also
reported for the optimization of process parameters to maximize the production of
L-asparaginase from B. circulans, Zymomonas mobilis, and Staphylococcus using CCD,
Box-Behnken, and Taguchi experimental design techniques, respectively. Shake flask
experiments have limitations to control pH and dissolved oxygen level in the broth.
Earlier reports showed that the L-asparaginase production was affected by DO level and
pH of the fermentation broth [12, 32]. Fermenter studies under batch and fed-batch mode
could be better option to further optimize these physical parameters for improvement of
productivity.

In this current investigation, the highest production of glutaminase-free L-asparaginase from
P. carotovorum MTCC 1428 was found to be 35.24 U/mg of protein. This is very much
comparable with the reported values. The range of specific activity of L-asparaginases from
different microorganisms and production time were 0.1–35.0 U/mg of protein and 36–120 h,
respectively [3, 10, 15, 38, 40–42]. Productivity of L-asparaginase from P. carotovorum
MTCC 1428 was higher due to short duration of fermentation time (12 h) than reported
values (above 16 h). This study indicates that the large amount of the enzyme with higher
activity would obtain in a short period under optimal conditions. In addition, L-asparaginase

Fig. 2 Parity plot showing the distribution of experimental vs. predicted values of L-asparaginase
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from P. carotovorum MTCC 1428 also displays comparable catalytic activity, making it
attractive for further screening as a potential anticancer agent.

Verification of Model

Experiments were performed at the optimal levels of physical process parameters and production
(specific activity) of L-asparaginase was found to be 35.24 U/mg of protein, and it was in very
good correlation with the predicted value (35.55 U/mg of protein). The production of
L-asparaginase under un-optimal levels of physical parameters was found to be 27.88 U/mg of
protein [24], and an enhancement of 26.39% was achieved under optimal levels of physical
parameters (Table 5). The verification revealed a high degree of accuracy of the model of more
than 99.0%, which is an evidence for the model validation under the investigated conditions.
The production of L-asparaginase was slightly higher (35.71 U/mg of protein) in the fermenter
as compared with shake flask experiment. Maximization of L-asparaginase production was
achieved at 12 h both in shake flask and bioreactor. The overall productivity of L-asparaginase
was increased from 1,350.83 to 1,404.16 U/l/h (Table 5).

Conclusion

In this study, RSM was applied to optimize the levels of physical process parameters for the
production of glutaminase-free L-asparaginase from P. carotovorum MTCC 1428. The effect of
physical process parameters viz. initial pH of the medium, temperature, rpm of the shaking
incubator, and inoculum size on the production of glutaminase-free L-asparaginase was studied
using CCD. The optimum levels of initial pH of the medium, temperature, rpm of shaking
incubator, and inoculum size were found to be 6.90, 29.8 °C, 157 rpm, and 2.61% (v/v),
respectively. The production of L-asparaginase (specific activity) was enhanced by 26.39%
under optimal levels of physical process parameters. In the present investigation, novel
glutaminase-free L-asparaginase from P. carotovorum MTCC 1428 was obtained in a short
period and displayed comparable catalytic activity with the literature reports.

Table 5 Comparison of L-asparaginase production in the initial and different optimization stages.

Process
conditions
for media

Level of
scale

L-asparaginase productiona Enhanced
Production
(fold)

Productivitya

(U/l/h)
References

Enzyme
activity
(U/ml)

Specific
activity
(U/mg)

Before optimization Shake flask 0.76±0.01 3.35±0.32 – 63.33±0.85 Kumar et al.
[24]RSM—chemically

optimized
Shake flask 14.71±0.53 27.88±0.46 8.32 1,225.83±44.23

RSM—chemically
optimized

Bioreactor 15.39±0.33 28.87±0.37 8.62 1,282.50±27.50

RSM—process
optimized

Shake flask 17.81±0.67 35.24±0.71 10.52 1,350.83±56.16 In this study

RSM—process
optimized

Bioreactor 17.95±0.76 35.71±0.82 10.66 1,404.16±63.35

aMean values of duplicates with standard deviation (mean±SD)

336 Appl Biochem Biotechnol (2011) 163:327–337



References

1. Athale, U. H., & Chan, K. C. A. (2003). Thrombosis Research, 111, 199–212.
2. Narta, U. K., Kanwar, S. S., & Azmi, W. (2007). Critical Reviews in Oncology/Hematology, 61, 208–

221.
3. Manna, S., Sinha, A., Sadhukhan, R., & Chakrabarty, S. L. (1995). Current Microbiology, 30, 291–298.
4. Muller, H. J., & Boos, J. (1998). Critical Reviews in Oncology/Hematology, 28, 97–113.
5. Pedreschi, F., Kaack, K., & Granby, K. (2008). Food Chemistry, 109, 386–392.
6. Teodor, E., Litescu, S. C., Lazar, V., & Somoghi, R. (2009). Journal of Materials Science: Materials in

Medicine, 20, 1307–1314.
7. Verma, N., Kumar, K., Kaur, G., & Anand, S. (2007). Artificial Cells, Blood Substitutes, and

Immobilization Biotechnology, 35, 449–456.
8. Kotzia, G. A., & Labrou, N. E. (2007). Journal of Biotechnology, 127, 657–669.
9. Khan, A. A., Pal, S. P., Raghavan, S. R. V., & Bhattacharyya, P. K. (1970). Biochemical and Biophysical

Research Communications, 41, 525–533.
10. Maladkar, N. K., Singh, V. K., & Naik, S. R. (1993). Hindustan Antibiotics Bulletin, 35, 77–86.
11. Wei, D. Z., & Liu, H. (1998). Biotechnology Techniques, 12, 129–131.
12. Mukherjee, J., Majumdar, S., & Scheper, T. (2000). Applied Microbiology and Biotechnology, 53, 180–184.
13. Hymavathi, M., Sathish, T., Subba Rao, Ch, & Prakasham, R. S. (2009). Applied Biochemistry and

Biotechnology, 159, 191–198.
14. Prakasham, R. S., Hymavathi, M., Subba Rao, Ch, Arepalli, S. K., Venkateswara Rao, J., Kavin

Kennady, P., et al. (2010). Applied Biochemistry and Biotechnology, 160, 72–80.
15. Abdel-Fattah, Y. R., & Olama, Z. A. (2002). Process Biochemistry, 38, 115–122.
16. Fisher, S. H., Wray, & Jr, L. V. (2002). Journal of Bacteriology, 184, 2148–2154.
17. Mishra, A. (2007). Applied Biochemistry and Biotechnology, 135, 33–42.
18. Myers, R. H., & Montgomery, D. C. (2002). Response surface methodology: process and product

optimization using designed experiments. New York: Wiley.
19. Lee, H., Song, M., & Hwang, S. (2003). Process Biochemistry, 38, 1685–1693.
20. Bocchini, D. A., Alves-Prado, H. F., & Baida, L. C. (2002). Process Biochemistry, 38, 727–731.
21. Beg, Q. K., Sahai, V., & Gupta, R. (2003). Process Biochemistry, 39, 203–209.
22. Li, C., Bai, J., Cai, Z., & Ouyang, F. (2001). Journal of Biotechnology, 93, 27–34.
23. Gulati, R., Saxena, R. K., & Gupta, R. (1997). Letter in Applied Microbiology, 24, 23–26.
24. Kumar, S., Pakshirajan, K., & Dasu, V. V. (2009). Applied Microbiology and Biotechnology, 84, 477–486.
25. Mashburn, L. T., & Wriston, J. C., Jr. (1964). Archives of Biochemistry and Biophysics, 105, 450–452.
26. Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, J. R. (1951). The Journal of Biological

Chemistry, 193, 265–275.
27. Box, G. E. P., & Hunter, J. S. (1957). Annals of Mathematical Statistics, 28, 195–241.
28. Box, G. E. P., & Wilson, K. B. (1951). Journal of the Royal Statistical Society, 13, 1–45.
29. Araujo, P. W., & Brereton, R. G. (1996). Trends in Analytical Chemistry, 15, 63–70.
30. Kumar, S., Dasu, V. V., & Pakshirajan, K. (2010). Process Biochemistry, 45, 223–229.
31. Box, G. E. P., & Draper, N. R. (1987). Empirical Model Building and Response Surfaces. New York:

John Wiley and Sons.
32. Geckil, H., & Gencer, S. (2004). Applied Microbiology and Biotechnology, 63, 691–697.
33. Ellaiah, P., Adinarayana, K., Bhavani, Y., Padmaja, P., & Srinivasulu, A. (2002). Process Biochemistry,

38, 615–620.
34. Motta, A. S., & Brandelli, A. (2008). World Journal of Microbiology & Biotechnology, 24, 641–646.
35. Adinarayana, K., Prabhakar, T., Srinivasulu, V., Anitha, R. M., Jhansi, L. P., & Ellaiah, P. (2003).

Process Biochemistry, 39, 171–177.
36. Lotfy, W. A., Ghanem, K. M., & El-Helow, E. R. (2007). Bioresource Technology, 98, 3470–3477.
37. Rahulan, R., Nampoothiria, K. M., Szakacs, G., Nagy, V., & Pandey, A. (2009). Biochemical

Engineering Journal, 43, 64–71.
38. Prakasham, R. S., Subba Rao, Ch, Rao, R. S., Lakshmi, G. S., & Sarma, P. N. (2007). Journal of Applied

Microbiology, 102, 1382–1391.
39. Neto, D. C., Buzato, J. B., & Borsato, e D. (2006). Acta Scientiarum—Technology, 28, 151–153.
40. Raha, S. K., Roy, S. K., Dey, S. K., & Chakrabarty, S. L. (1990). Biochemistry International, 21, 987–1000.
41. Nawaz, M. S., Zhang, D., Khan, A. A., & Cerniglia, C. E. (1998). Applied Microbiology and

Biotechnology, 50, 568–572.
42. El-Bessoumy, A. A., Sarhan, M., & Mansour, J. (2004). Journal of Biochemistry and Molecular Biology,

37, 387–393.

Appl Biochem Biotechnol (2011) 163:327–337 337


	Assessment...
	Abstract
	Introduction
	Material and Methods
	Microorganism and Culture Conditions
	Assay for L-Asparaginase and L-Glutaminase Activity
	Protein Concentration
	Optimization of the Physical Process Parameters by CCD
	Validation of the Experimental Model

	Results and Discussion
	Production of L-Asparaginase
	Optimization of Physical Process Parameters for Maximization of L-Asparaginase Production

	Verification of Model
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


