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Abstract: L-Asparaginase has been one of the naturally occurring enzymes which are known
for  its  anti-tumor potential.  It  has  proven to be an effective curative agent  in  the treatment  of
acute lymphocytic leukemia. In the present report, optimization of the concentration of media
components of the recombinant L-asparaginase from Pseudomonas fluorescens was done by
applying Taguchi Design of Experiment (M-9) method based on orthogonal array. The four
factors at three concentration levels were considered for the optimization. The interaction pair
of Lactose and MgSO4 showed the most significant interaction effect. The ANOVA data
revealed maximum F ratio of 274.108 in case NH4Cl and  hence proved to be the most
influential factor with percentage contribution of 71.259%. The optimum condition for for the
enhanced production of recombinant L-asparaginase was found to be lactose at 1% (w/v),
Tryptone at 1 % (w/V), Ammonium chloride at 0.25%(w/v) and magnesium sulphate at
0.25%(w/v). The expected enzyme production of 271.663 U/ml was proposed by the model.
After validation, an enhanced enzyme production of 270.122U/ml was obtained with 35%
increase in the yield.
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Introduction:

L-asparaginase has achieved markedly increased attention for its chemotherapeutic potential and has
been effectively used in the treatment of acute lymphocytic leukemia, a childhood cancer. It catalyzes the
conversion of L-asparagine to L-aspartate and ammonia, and this catalytic reaction is essentially irreversible
under physiological conditions1 and also to a lesser extent, the hydrolysis of L-glutamine to L-glutamate2.
Cancer cells differentiate themselves from normal cells in diminished expression of L-asparagine3-4. Hence,
they are not capable of producing L-asparagine, and mainly depend on the L-asparagine from the circulating
plasma pools3. Supplementation of L-asparaginase results in continuous depletion of L-asparagine. Under such
an environment, cancerous cells do not survive. This phenomenal behaviour of cancerous cells was exploited by
the scientific community to treat neoplasias using L-asparaginase5-6,3. A potent source of L-asparaginase was
found in Escherichia coli7. Since then its production using microbial systems has attracted considerable
attention owing to their cost-effective and eco-friendly nature. However, a distinct toxicity profile of L-
asparaginase, ranging from acute hypersensitivity (immunological sensitization) and hyperglycemia to
hepatocellular dysfunction and pancreatitis (inhibition of protein synthesis)8 suggest the need to explore new
sources of L-asparaginase with high productivity and less antigenic effect in a cost effective manner. In order to
achieve this recombinant technology can be employed to get new recombinant strains with enhanced
productivity, reduced immunological effect and a cheaper treatment cost. At the same time, for effective
utilization of any microbial system at bioprocess level, it is essential to screen and evaluate various nutritional
and environmental requirements for the microbial growth and subsequent biocatalyst production9-10, as culture
conditions that promote optimum enzyme production differ significantly with the molecular nature of the
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micro-organism11. Hence there is a need to optimize the medium components for enhanced L-asparginase
production. For this either conventional method or statistical method can be employed. Optimization studies
involving a conventional one-factor-at-a-time approach can prove to be tedious and time consuming. Moreover
this approach tends to overlook the effects of interactions among factors, leading to misinterpretations of
results. In contrast, statistically designed experiments minimize the error in determining the effect of parameters
and their interactions, and the results could be achieved in an economical way.

Taguchi DOE is one of the statistical methods proposed by Dr. Genichi Taguchi of Japan based on
orthogonal arrays. This method offers a main advantage of studying the combined effect of many factors
simultaneously12-13, 9. In this method, investigation of the factors which directly affect the mean and variance of
the process was the main emphasis.

In the present report, recombinant L-asparaginase production from Pseudomonas fluorescens was optimized by
Taguchi DOE (M-9) orthogonal array method which is the first to be reported till now.

Materials and methods:

Chemicals:

Culture media and their constituents were purchased from Himedia. The cloning kit and IPTG were
purchased from Fermentas Thermo Scientific. The Nessler’s reagent was purchased from Sigma Aldrich, USA.

Strains and Plasmids:

Pseudomonas fluorescens NCIM 2100 strain were obtained from NCL, Pune, India. Escherichia coli
DH5α (supE44 ΔlacU169 (φ80 lacZ ΔM15) hsdR17 recA1 endA1 gyrA96 thi-1re/A1) as well as Escherichia
coli BL21(DE3 ) (F–ompThsdSB (rB–mB–) gal dcm(DE3) were obtained from Amersham and Novagen, USA
respectively. The plasmid vectors pUC19 (2.6Kb, Ampr, lacZ(M13mp18/19), isolated from E.coli (dam+,
dcm+)) and pET29a(+)(5.4 Kb, Kanr, T7 promoter, lacO. C-terminal 6x His-tag) were obtained from BISR,
Jaipur, India.

Cloning of Pseudomonas fluorecens ansB gene:

The extraction of DNA from Pseudomonas fluorescens was carried out by Fermentas DNA purification
kit. The gene sequence of Pseudomonas fluorescens ansB was retrived from NCBI and based on the sequence
the primers were designed by NCBI primer designing tool. The gene coding for the mature region of L-
asparaginase  II  (ansB)  was  PCR  amplified  from  the  genomic  DNA  of  strain Pseudomonas fluorescens
(NCIM2100) using primers (forward) 5’- GGCGAATTCGTCGGTATCGAACAA-3’and (reverse) 5’-
GCGGATCCTCAATACTCCCAG  AAC-3’.  EcoRI  and  BamHI  restriction  sites  were  incorporated  in  the
primers to facilitate cloning of the structural asparaginase gene without its native signal sequence. The
amplified product was cloned with the plasmid vector pUC19. The cloned vector was transformed to competent
E.coli DH5α cells. The transformed E.coli cells were grown into LB agar plate containing 100µg/ml ampicillin,
0.1mM IPTG and 0.1mM X-gal. The recombinant clones were identified by blue/white selection and grown at
37ºC in 50ml LB medium containing 100µg/ml ampicillin. The plasmid was isolated from E.coli DH5α and
was used to transform competent E. coli BL21 cells which were screened with blue/white selection.

Shake flask production of L-Asparaginase:

E.coli BL21(DE3) transformed with pET29a(+) recombinant construct was used for the shake flask
studies. For the preparation of seed culture, the recombinant strain was grown in the specified Luria Bertani
medium with kanamycin (50µg/ml) at pH 7 & temperature 37°C for overnight with constant agitation of 200
rpm. The OD was determined to be 0.7-0.8 at 600 nm. This culture was used as a seed culture to inoculate in 50
ml of production medium and grown at 37 °C for 24 h in orbital shaker at 200 rpm. The final concentration of
0.1 mM IPTG was used to induce the culture for the over expression of the recombinant L-asparaginase.

The composition of the proposed production medium consisted of Lactose (1%) as carbon source,
Tryptone (1%) as organic nitrogen source, Ammonium chloride (NH4Cl)(0.2%) as inorganic nitrogen source,
Magnesium sulphate (MgSO4) (0.2%) as mineral source, Glycerol (0.4%) as additive with pH 7.5 as screened
by conventional one factor at a time approach.
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Production medium was prepared in 250 ml Erlenmeyer flask; conditions for fermentation were kept
same. After 24 hours of incubation culture was centrifuged at 10,000 rpm for 10 minutes at 4°C. Supernatant
was collected for assay to check the enzyme activity.

Enzyme assay by Nesslerization method:

The enzyme activity was measured directly according to the method of Bergmeyer14 by measuring the
ammonia produced from the hydrolysis of L-asparagine with Nessler's reagent. The routine assay by ammonia
nesslerization was performed in a total volume of 2.3 ml of buffer 0.05 M Tris- HCl, pH 8.6, containing 1.7 ml
of 0.01M asparagine and 0.2 ml of enzyme preparation. The samples were incubated for 20 min. at 37°C. The
reaction was stopped by the addition of 0.1 ml of 1.5 M trichloroacetic acid (TCA). The protein precipitate was
removed by centrifugation. To 0.5 ml aliquots of the reaction mixture, 7.0 ml of distilled water was added,
followed by 0.5 ml of Nessler's reagent, the mixture was left for 10 min. at room temperature. The absorbance
was determined at 480 nm against the blank, using CE double beam digital U.V. Spectrophotometer.

Optimization of production medium components by Taguchi DOE method:
The optimization of the medium component was done selecting four factors i.e. Lactose, Tryptone,

NH4Cl and MgSO4 by considering their concentrations at three different levels as designed by Taguchi DOE
method15-18.  L-9  array  was  constructed  and  9  different  trial  experiments  were  designed  on  this  basis  at  3
different levels: maximum, minimum and intermediate level with the four selected factors. QUALITEK- 4
software was used for the designing of OAs and for the optimization based analysis of the media for the better
production19. The result of different trial conditions was processed in the Qualitek-4 software with bigger is
better quality characteristics for the determination of the optimum culture conditions for the fermentation, to
identify individual factors influence on the L-asparaginase production, all the possible interactions between the
different factors participating in the L-asparaginase production and to estimate the performance (fermentation)
at the optimum conditions20.

Table 1: The three different levels of the medium components selected for optimization

S.No. Component Level 1 Level 2 Level 3
1 Lactose (%) 0.5 1 1.5
2 Tryptone (%) 0.5 1 1.5
3 Ammonium chloride (%) 0.15 0.2 0.25
4 Magnesium sulphate (%) 0.15 0.2 0.25

Results and Discussion:

The L-asparaginase gene of Pseudomonas fluorescens strain was successfully cloned in the E.coli BL21
cells. The resulting recombinant strain was grown in the production media for about 24 hours at which
maximum production of the recombinant L-asparaginase was obtained. The four medium components at four
different  levels  were  selected  for  the  optimization  using  Taguchi  DOE.  The  M-9  array  was  selected  for  the
designing of experiment. On the basis of the M-9 array, total 9 trial conditions were designed. The yield of
enzyme in all 9 trial conditions (Fig-1) were used for the analysis of optimum levels of the proposed factors.
The enzymatic activity obtained during the different trial conditions are given in fig.1. The maximum activity
was obtained in trial condition 5 (262.5 U/ml) and minimum at trial condition 1 and 6 (140 U/ml).

Table 2: Interaction Severity Index between the factors

S.
No.

Interacting factor pairs
(Order based on SI)

Columns SI % Optimum levels

1 Lactose x MgSO4 1 x 4 73.46 [2,1]
2 Tryptone x MgSO4 2 x 4 47.95 [2,1]
3 Tryptone x NH4Cl 2 x 3 24.48 [2,3]
4 Lactose x NH4Cl 1 x 3 11.22 [2,3]
5 Lactose x Tryptone 1 x 2 8.16 [2,2]
6 NH4Cl x MgSO4 3 x 4 0 [3,1]
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Fig. 1. Variation in the enzyme activity in different trial conditions designed by Taguchi DOE(M-9 array)
method

This variability within the different trial conditions were further used to predict the severity index
which may provide an understanding of overall process analysis. The interaction severity index between the
factors was described in Table-2. Total 6 interaction pairs were identified. The maximum SI value of 73.46%
was obtained in the case of Lactose and MgSO4 and minimum SI value of 8.16% was observed in Lactose and
Tryptone pair.  All the other interaction pairs have an intermediate value of severity index.

Table 3: Analysis of variance of optimization by Taguchi DOE(M-9)

S.N
o.

Factors Sum of
squares (S)

Variance (V) F-Ratio (F) Pure sum (S’) Percent P(%)

1 Lactose 1744.468 872.234 24.922 1674.474 6.241
2 Tryptone 2211.098 1105.549 31.589 2141.103 7.981
3 NH4Cl 19186.1 9593.05 274.108 19116.106 71.259
4 MgSO4 3369.467 1684.733 48.139 3299.473 12.299
Other errors                                                                            2.22
Total 26826.111 100.00%

The analysis of variance (Table-3) was used to analyze the significant levels of selected
factors and their relative contribution of L-asparaginase production. The Analysis Of Variance (ANOVA) is a
powerful and common statistical procedure to identify the effect of individual factors. The F-ratio was used to
determine the degree of variation contributed by each factors21. Ammonium chloride has the maximum F-ratio
of 274.108 and the minimum F-ratio of 24.922 was observed in case of Lactose. All factors and their respective
interactions considered in the experimental design showed statistically significant effects at 95% confidence
limit. The analysis of variance also revealed about the percentage contribution of selected parameters (Table-3)
on enzyme production that varied from factor to factor. The percentage contribution of significant factors on
performance was also graphically indicated in Fig.2 where Ammonium chloride (NH4Cl) proved to be the most
influential factor with percentage contribution of 71.259% , while Lactose showed minimum impact (6.241%)
on the recombinant L-asparaginase production.
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Fig. 2.  Percentage contribution of significant factors on performance

The orthogonal array based analysis proposed the optimum conditions of various factors are given in
table-4. As described in the Table-4, Lactose at 1%, Tryptone at 1%, Ammonium chloride at 0.25% and
Magnesium sulphate at 0.25% gave the best result for the enhanced production of recombinant L-asparaginase.
The expected enzyme production of 271.663 U/ml was proposed by the model. The proposed optimized
conditions by factorial design were validated by performing the experiment according to the designed condition.
After validation, an enhanced enzyme production of 270.122 U/ml was obtained with 35% increase in the yield
(Fig.3).

Table 4: Optimum conditions and performance

S.No. Factors Level Level description Contribution
1 Lactose 2 1 13.888
2 Tryptone 2 1 15.555
3 NH4Cl 3 0.25 33.055
4 MgSO4 3 0.25 13.888
Total contribution from all  factors 76.386
Current Grand Average of performance 195.277
Expected result at Optimum condition 271.663

Fig. 3. Comparison of the recombinant enzyme yield before and after validation

This is the first report on media optimization of recombinant L-asparaginase production of
Pseudomonas fluorescens. Till now only one report was available on the optimization of L-asparaginase
production by Pseudomonas fluorescens utilizing this statistical method13. Prakasham et al.,11 reported
optimization of L-asparaginase production by Staphylococcus sp. using the Taguchi DOE method. However,
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the application of Taguchi DOE to enhance the production of other enzyme has been reported in few literatures.
Optimization of Laccase production20 and Xylitol production9 were some of the reports available on some of the
other enzymes production.

Conclusion:

L-asparaginase has been known for its chemotherapeutic potential. Owing to its serious side effects and
a quite expensive production, processes are needed to optimize the media components for the enhanced
production of the recombinant version of this enzyme. In the present report the media components of the
recombinant L-asparaginase from the bacteria Pseudomonas fluorescens were optimized by a statistical method
of  Taguchi  DOE  (M-9)  array.  In  the  Taguchi  DOE  method  combined  effect  of  many  factors  can  be  studied
simultaneously. On the other hand optimization by conventional one factor at a time approach effect of only one
factor can be studied at time which is quite a lengthy and time-consuming method. The analysis of the results of
different trial condition designed by Taguchi DOE method gave a 35% enhanced production of the recombinant
L-asparaginase production from Pseudomonas fluorescens.
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