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INTRODUCTION
L-asparaginase is an important enzyme with compelling 
applications in pharmaceutical and food industry. This 
enzyme is present in mammals, birds, plants, yeasts 
and extensive range of bacteria but not in humans.1 
It is one of the preferred crucial chemotherapeutic 
agents for the prescription of acute lymphoblastic 
leukaemia and Hodking’s lymphoma. Asparaginase  
exerts its anti-neoplastic activity by converting aspara-
gine to aspartic acid in the extracellular fluid.2 Most  
healthy cells can synthesize asparagine but leukemic 
lymphoblasts are sensitive to the depletion of extracel-
lular asparagine because they express low concentrations  
of asparagine synthetase or they lack the ability to up 
regulate the expression of asparagine synthetase when 
exposed to asparaginase.3 Thus these tumour cells are 
dependent of asparagine from blood serum for their  
propagation and persistence. L-asparaginase hydrolyses  
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asparagine from blood serum, leading tumour cells 
to death where as healthy cells sustain because they  
are able to produce the amino acid using L-asparagine 
synthetase.4

L-asparaginase is also used in food industry to counter  
the formation of acrylamide in food processing at 
extreme temperatures, retaining their nutritional 
properties. This is vital because acrylamide acts 
as a neurotoxin classified as potentially carcino-
genic to humans.5 The micro-organisms are con-
templated as cardinal source of L-asparaginase 
synthesis. The best producers of L-asparaginase 
in pharmaceutical industry are E.coli and Erwinia 
carotova used for the medication of lymphoma 
and Leukaemia.6 However, prolonged adminis-
tration of L-asparaginase, causes hypersensitiv-
ity, immune inactivation, allergy, nausea, pancre-
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atitis, diabetes and coagulation abnormalities.7 In addition, most of 
asparaginases have low stability and catalytic activity and are active in 
a narrow pH range.8 Thus intensive research is essential for exploring  
new L-asparaginases, produced by different category of micro-organisms 
other than bacterial sources forthwith used has potential to obtain new 
enzymes with desirable properties. Several researchers have studied the 
isolation of actinomycetes that produce this important enzyme such as 
Streptomyces karnatakensis, S. venezuelae,9 S. phaeochromogenes FS-39,10 
S. albidoflavus,11 S. gulbargensis,12 S. tendae TK-VL_333,13 Nocardia 
levis14 etc. 
Composition of the fermentation medium and the culture conditions 
play a profound role on the production of enzyme and the production 
is influenced by a number of interactive effects of the nutritional and  
environmental factors.15 The long-established methods engage, optimization  
of one-factor-at-a-time (OFAT) (Nutritional and Cultural factors) 
method which is inadequate to estimate the interactive effects possible 
between the factors that are significant for the maximization of the 
enzyme production.16 Hence statistically engineered optimization of  
the fermentation process is far more beneficial and admirable to classical  
methods due to the fact that it scrutinize the interactive influence of 
the process variables in which a single variable is varied at any time.17,18 

Statistically designed minimum number of the replicates executes the 
information of the effects of main factors and the viable interactions 
amid them.19 Statistical optimization to amplify the enzyme production 
is persuaded by a number of process variables that are assorted in to 
two i) media constituents such as carbon, nitrogen minerals and salts 
ii) cultural parameters such as pH, temperature and incubation time. 
Hence the method of desirability which is a multi-response optimization 
path is engaged in this context.16 Based on the dimension of multiple 
responses a set of conditions are determined by the desirability function 
that designs a set of competently stabilized optima for all the responses  
involved. Hence the current study desired at optimizing and evaluating  
the interactive effects of the process variables for the production of 
L-asparaginase by Streptomyces labedae VSM-6 employing response 
surface methodology. Bioengineers use mathematical equations for 
modelling aspects, which are contemplated as robust tools, to figure out 
complex nature of microbial fermentations. These models become very 
fundamental for successful design of bioreactor and take care of biomass  
growth, carbon substrate employment and product accumulation kinetics. 
The activity of L-asparaginase produced by marine actinomycetes has not 
been fully explored. Extracellular asparagine’s are more superior to intra-
cellular ones as they can be produced in affluence in culture broth under 
normal conditions and can be purified economically.20 In this study, an 
attempt has been undertaken to unveil the production and optimization 
of extracellular L-asparaginase from marine actinomycete Streptomyces 
labedae VSM-6 from Bay of Bengal of Visakhapatnam region, coastal 
Andhra Pradesh, India. 

MATERIALS AND METHODS
Isolation
The deep sea marine sediment samples were collected at different depths 
of the Bay of Bengal of coastal Andhra Pradesh, India with the help of 
National Institute of Ocean Technology (NIOT), Visakhapatnam and 
mixed to generate a composite sample for further analysis. Sediment 
samples were collected using clean, sterile, Ziploc bags and transported  
to the laboratory. The collected sediment samples were dried in a laminar  
flow hood for a certain period of time and sieved to eliminate large  
particles. Samples were preserved at 4ºC until pre-treatment which was 
required for eliminating unwanted microbes. The dried sediment sample 
was pre-treated with peptone (6%) and sodium lauryl sulphate (0.05%)  
at 50°C for 10 min.21 The pre-treated sediment samples were then  

dissolved in 0.9 % saline water and serially diluted down to 10-5 dilution. 
100 µl aliquots of 10-5 dilution was plated on starch casein agar medium  
(soluble starch-10 g, casein-1g, KH2PO4-2g, KNO3-2g, NaCl-2g, MgSO4  
7H2O- 0.5g, CaCO3- 0.02g, FeSO47H2O- 0.001 g and agar -20 g/ 1 (pH 8)  
supplemented with nalidixic acid (50 µgml-1) and cycloheximide  
(50 µgml-1) to inhibit the growth of gram negative bacteria and fungus. The 
plates were incubated at 30°C for 3 weeks to one month. After incubation 
dry, powdery, filamentous colonies were identified as actinobacterium 
were further selected and maintained by sub culturing on yeast extract 
malt extract dextrose agar (ISP-2) slants.

Identification by conventional methods
The morphological, cultural, physiological and biochemical character-
ization of the isolate was carried out as described in the international 
Streptomyces project. Selected actinobacterial isolate was preliminarily 
subjected to scanning electron microscopy to observe the aerial hyphae 
arrangements and spore surface of the isolate (model JOEL-JSM 5600). 
The cultural characteristics of the strain was performed on different 
media such as tryptone-yeast extract agar (ISP-1), YMD agar (ISP-2), 
oat-meal agar (ISP -3), starch inorganic salts agar (ISP-4), glycerol aspar-
agine agar (ISP-5), peptone yeast extract iron agar (ISP-6), tyrosine agar 
(ISP-7), starch-casein agar, Czapek-Dox agar and nutrient agar media.22 
Physiological characterization such as the effect of pH (5-9), temperature 
(20-60°c) and salinity were analysed. Biochemical tests which include  
IMVIC, H2S production,23 Nitrate reduction,24 catalase,25 starch and gelatin  
hydrolysis26 were also evaluated. The utilization of carbon sources by  
the strain was carried out in minimal medium containing different  
carbon sources at 1% concentration according to the method described 
by Isik et al.27

Identification by molecular methods
The genomic DNA used for the PCR was prepared from the single 
colonies grown on the Yeast extract malt extract dextrose agar (ISP-2) 
medium for 3 days. The whole genomic DNA extracted from the strain 
(VSM-6) was isolated employing the DNA purification Kit (Pure Fast® 
Bacterial Genomic DNA purification kit, Helini Bio molecules, India) 
consistent with the manufacturer protocol. The 16S rRNA gene fragment 
was amplified using universal Primers. (Forward Primer -5’-GCCTAA-
CACATGC-AAGTCGA-3’ and Reverse primer - 5’-CGTATTACCGC-
GGCTGCTGG-5’).28 The amplified fragment was analysed using 1%  
agarose gel and the fragment was purified (Helini Pure Fast PCR clean  
up kit, Helini Bio molecules, India) according to the manufacturer 
instructions. The bands were analysed under UV light and documented 
using Gel Doc. The direct sequencing of PCR products was performed by 
dideoxy chain termination approach using 3100-Avant Genetic Analyzer 
(Applied Bio systems, USA). The obtained sequences were analysed for 
homology using BLASTN (Entrez Nucleotide database). The 16S rRNA 
gene (r DNA) sequence of the strain VSM-6 was registered in the Gen 
Bank database with the accession number.

Primary screening
Preliminary screening for L-asparaginase activity was evaluated by using  
modified M-9 medium29 incorporated with phenol red (0.009%) acts  
as pH indicator dye and adjusted the medium pH to 7 and incubated 
at 30°C for 5 days. Quantitative estimation of enzyme activities was  
carried out using M-9 liquid medium. 

L-asparaginase assay
L-asparaginase assay was carried out according to the procedure 
described by Imada et al.30 The reaction was started by adding 0.5 ml of 
culture filtrate and 0.5 ml 0.04 M L-asparagine as substrate and 0.5 ml 
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of 0.05 M tris amino methane (Tris-HCl) buffer at pH 7.2 and incubated 
at 30°C for 20 min in a water bath shaker. The reaction was stopped by 
adding 1.5 M trichloroacetic acid. The precipitated protein was removed  
by centrifugation and the ammonia liberated was determined spec-
trophotometrically at 450 nm after the addition of 0.2 ml of Nessler’s 
reagent. The enzyme activity was expressed in IU. One International Unit 
of L-asparaginase activity is defined as the amount of enzyme required to 
release 1 µmol of ammonia per ml/min. 

Standardization of optimal fermentation medium for 
L-asparaginase production
Three different standard media such as Asparagine dextrose salts broth 
(M1) (L-asparagine (0.5%), Dextrose (1%), K2HPO4 (0.1%), Trace salts 
solution (0.1%), pH – 7.2); Modified ISP-2 broth (M2) (Yeast extract 
(0.4%), Malt extract (0.4%), Glucose (1%), L-asparagine (0.5%), pH 
-7.2); Glycerol asparagine broth (M3) (Glycerol (1%), L-asparagine 
(0.5%), K2HPO4 (0.1%), MnCl2 (0.01%), FeSO4 (0.01%), ZnSO4 (0.01%) 
pH - 7 were used in comparative studies to find suitable fermentation 
medium for L-asparaginase production. The media were inoculated with 
culture suspension prepared from one week old culture of strain. The 
inoculated flasks were incubated at room temperature for 8 days in order 
to estimate the cell growth of the strain and L-asparaginase production  
for every 24 h interval. The medium in which the strain exhibits maximum  
L- asparaginase activity was fixed for further studies.

Impact of pH and temperature on the enhanced 
production of L-asparaginase
Influence of different environmental parameters such as initial pH 
and incubation temperature on the production of L-asparaginase was 
determined. The effect of pH on the production of L-asparaginase was 
examined by culturing the strain in modified starch casein broth with  
pH ranging from 6-9. The pH at which maximum activity occurs is  
considered the optimum pH, used for further study. The effect of tem-
perature on L-asparaginase production was resolved by culturing the  
strain in production medium at different temperatures varying from  
20 to 40°C for 144 h of incubation. The temperature at which maximum 
yield of enzyme observed is considered the optimum temperature.

Selection of best carbon and nitrogen sources for 
maximum L- asparaginase production 
In order to examine the impact of the different carbon and nitrogen 
sources on the L- asparaginase production by the strain, the production 
medium was supplemented with different simple and complex carbon 
sources such as glucose, maltose, galactose, starch, fructose, lactose, 
glycerol, mannitol, sucrose, arabinose and xylose each at a concentra-
tion of 1%. The influence of different concentrations (0.5 - 3%) of best 
carbon source on enzyme production was also investigated. Similarly, 
the influence of nitrogen sources on enzyme yield was investigated by 

supplementing different nitrogen sources like peptone, yeast extract,  
meat extract, bio peptone, soya peptone, beef extract, malt extract, tryptone,  
ammonium chloride and ammonium sulphate each at a concentration 
of 0.5% to the production medium containing an optimum amount of  
the superior carbon source as investigated above. Further the actual  
concentration of nitrogen source (0.5-2.5%) supporting maximum yield 
of enzyme was also recorded.
Besides, the optimal concentration of the substrate L-asparagine (0.5-2.5%)  
supporting high yields of L-asparaginase production under induced  
conditions to test for stimulation of enzyme production was determined 
by retaining all other conditions at optimum levels. 

Statistical analysis
Data obtained on the L-asparaginase production under different culture 
conditions were statistically analysed and expressed with one-way and 
two-way analysis of variance (ANOVA).

Experimental Design using RSM
Optimization using Response surface methodology is one of the most 
important and widely applied statistical designs to develop the qua-
dratic response surface models.31 Central composite design (CCD) of 
Response surface methodology was used to evaluate the influence of 
the experimental factors on the response (L-asparaginase Production).32 
Optimization of the process variables for the L-asparaginase (Response)  
production by Streptomyces labedae VSM-6 examined the combined 
effect of incubation time, pH, temperature, concentration of starch and  
yeast extract and concentration of L-asparaginase applying the full  
factorial design. Based on the results obtained for the O-F-A-T experiments  
the levels of the process variables were selected (Table 1). The variables 
were coded to level ±1 for factorial points, 0 for the centre points and  
±2 for axial points. A six factor CCD design with a total of 86 runs  
64 factorial points, 12 axial points and 10 replicates at the centre points 
was applied to fit the second order response in order to optimize the  
process variables affecting the production of the L-asparaginase production 
by Streptomyces labedae VSM-6. The effect of the optimization of process 
variables against the response (L-asparaginase production) is related to  
second order polynomial regression model is represented by the following 
equation 

	

2n n n 1 n

0 i i ij i ij i j
i 1 i 1 i 1 j i 1

Y X X X X
−

= = = = +

 = β + β + β + β 
 

∑ ∑ ∑∑ � Eq - 1

Where Y is anticipated response, β0 is intercept coefficient, βi is the linear 
coefficient, βij is the interaction coefficients, βii is the quadratic coeffi-
cients, Xi and Xj are coded values of the six variables under study.33 

Table 1: Experimental range and level coded of independent variables

Factors Symbols
Actual levels of coded factors

-1 (Low) 0 (Middle) +1 (High)

Time of incubation (days) A 5 6 7

pH B 7.5 8  8.5

Temperature (0C) C 25 30  35

Conc of Starch (%w/v) D 1 1.5 2

Conc of Yeast extract (%w/v) E 0.5 1 1.5

Conc of L-asparagine F 0.5 1 1.5
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ANOVA Variance
To analyse the estimation ability of the method the predicted values of 
the responses obtained for RSM were compared with actual response 
values. The data obtained was analysed using Design-Expert software  
(Version 7) to yield the regression equation and to execute the com-
binatorial effect of the parameter combinations for the production of 
L-asparaginase. The significance of the model was analysed using the 
Fisher’s F-test as well as Student’s T-test at a probability P value of 0.05. 
Coefficient of determination (R2) determines the accuracy of the model  
and to evaluate the significant differences between the factors. The  
R2 value should be close to 1. In addition adjusted coefficient of deter-
mination (R2

adj) and predicted coefficient of determination (R2
pred) were 

evaluated to investigate the model adequacies. Insignificance of the lack 
of fit is another diagnostic test to check the model significance which 
compares the pure error, based on the measurement of the replicates. 
Analysis of the variance (ANOVA) was applied to analyze the statistical  
significance of the regression coefficients after selecting the most accurate  
model. The designed model was validated statistically with respect to 
L-asparaginase production under the conditions predicted by the model 
in an Erlenmeyer flask. 

Unstructured kinetic Modelling
Unstructured kinetic models consider the cell as a single entity and reaction 
rates depend on conditions present in the cell immediate environment.  
These models contain cell growth, substrate uptake and product forma-
tion kinetics. Actinomycetes model developed by Ushakiranmayi et al.34  
was used to simulate the data obtained from marine actinomycetes  
Streptomyces labedae VSM-6 fermentation on M-3 media, with optimized 
conditions.

RESULTS
A total of twenty morphologically distinct actinomycete isolates attained 
from deep sea sediment samples of Bay of Bengal were selected and eval-
uated for the production of L-asparaginase by plate screening assay using 
M-9 media. Five strains were found positive on the basis of the pink zone 
around the colony. L-asparaginase produced by the positive strains was 
quantified and potent strain VSM-6 was further selected for polyphasic 
identification.
Ten selective media (Table 2) have been used to monitor the distinct colony  
morphology of the isolate. The strain exhibited luxuriant growth on 

Table 2: Cultural characteristics of the strain VSM-6 on various ISP & Non-ISP media

 S. No  Medium  Growth Aerial mycelium Substrate mycelium Pigmentation

1 Tryptone yeast extract agar (ISP-1) Moderate  White  Grey Nil

2 Yeast extract malt 
extract dextrose agar (ISP-2)

Good Greyish white  Brown Nil

3 Oat meal agar (ISP-3) Good White Light grey Nil

4 Inorganic salts starch agar (ISP-4) Moderate Grey Brown Nil

5 Glycerol asparagine agar (ISP-5) Good White Brown Nil

6 Peptone yeast extract iron agar (ISP-6) Moderate  White  Yellow Nil

7 Tyrosine agar (ISP-7) Moderate Creamy white  Brown Nil

8 Starch casein agar Good Greyish white Brown Nil

9 Nutrient agar Good White Pale yellow Nil

10 Czapek-Dox agar Good  White Brown Nil

ISP-2 (Yeast extract malt extract dextrose agar), ISP-3 (Oat meal agar), 
ISP-5 (Glycerol asparagine agar), starch casein agar, nutrient agar and 
Czapek-Dox agar medium. Moderate growth was observed in ISP-1 
(Tryptone yeast extract agar), ISP-4 (Inorganic salts starch agar), ISP-6 
(Peptone yeast extract iron agar) and ISP-7 (Tyrosine agar). The colour  
of the aerial mycelium varied from greyish white to white while the  
substrate mycelium assorted from pale yellow to brown. Different colour 
series of actinomycetes were documented in marine environments35 as 
well as in soil.36 No pigment was noticed on any of the tested medium  
including melanin pigmentation on ISP-7. The physiological and bio-
chemical aspects of the isolate are given in Table 3. The strain is gram 
positive and it has shown positive results for catalase production, nitrate 
reduction, starch hydrolysis, gelatine liquefaction, Voges-Proskauer test, 
citrate utilization, casein hydrolysis but negative for H2S Production, 
methyl red test and indole production. It had the efficiency to produce 
different enzymes such as urease, amylase, asparaginase and protease. 
Growth of the strain occurred in the pH range of 6-10 with optimum 
growth at pH 7.5. The temperature range for growth was 20-45ºC with 
the optimum growth at 30ºC. The strain exhibited salt tolerance up to 
9% therefore the strain may be placed in the intermediate salt tolerance 
group. The salt concentration has an intense effect on the production of 
antibiotic from micro-organisms due to its effect on the osmotic pressure 
to the medium.37 The strain exploited a wide range of carbon sources 
such as fructose, galactose, glucose, maltose, lactose, sucrose, arabinose, 
rhamnose but not utilized xylose and raffinose. Carbohydrate utilization  
plays a prominent role in the taxonomic characterization of actinomycetes  
strains.38 The strain displayed sensitivity to a number of antibiotics such 
as ampicillin, tetracycline, vancomycin, amoxicillin, ciprofloxacin, chlor-
amphenicol and erythromycin and defiant to streptomycin, gentamycin, 
methicillin and nalidixic acid (Table 4). 
The spore chain ornamentation and spore morphology of the isolate 
was observed by scanning electron microscopy. Micro morphology and  
scanning electron microscopic studies revealed the spore chain morphology  
of S.labedae as spiral type (Figure 1) and hence it can be placed in the 
spira group of the family Streptomycetaceae and the genus Streptomyces.39  
These results were firmly established by the identification of the culture  
by 16S rDNA sequencing. Gene sequence of 16S rRNA of VSM-6 was 
blasted against nucleotide database of the NCBI. The library search 
reported matching strains and the sequences had been aligned with the 
set of published sequence on the basis of the conserved primary sequence 
and additionally with the aid of nucleotide blast similarity search assessment.  
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Table 3: Morphological, Physiological and biochemical characteristics of 
strain VSM-6

S No Morphological characters Response

1 Cell shape Mycelial
2 Sporophore morphology Spiral
3 Color of aerial mycelium (ISP-2) Greyish white
4 Color of substrate mycelium (ISP-2) Brown

Physiological characters
5 Gram reaction +
6 Acid-fast reaction -
7 Production of melanin pigment -
8 Range of temperature for growth 20-45°C
9 Optimum temperature for growth 30°C

10 Range of pH for growth 6-10
11 Optimum pH for growth 7.5
12 NaCl tolerance 9%

Biochemical characters
13 Catalase production +
14 Nitrate reduction +
15 Hydrogen sulphide production  -
16 Starch hydrolysis +
17 Gelatin liquefaction +
18 Methyl red test -
19 Vogues-Proskauer test +
20 Indole production -
21 Citrate utilization +
22 Casein hydrolysis +
23 Urease +
24 Amylase +
25 Asparaginase +
 26 protease +

+ = Positive; - = Negative

Table 4: Utilization of the carbon sources by the strain VSM-6

S.No Carbon source Response

1 Fructose +++

2 Galactose +++

3 Glucose +++

4 Maltose +++

5 Sucrose ++

6 Xylose ++

7 Rhamnose ++

8 Raffinose -

9 Inositol ++

10 Arabinose +++

Growth in the presence of antibiotics

S.No Antibiotics Response

1 Streptomycin R

2 Gentamycin R

3 Ampicillin S

4 Tetracycline S

5 Vancomycin S

6 Methicillin R

7 Amoxicillin S

8 Ciprofloxacin S

9 Chloramphenicol S

10 Nalidixic acid R

11 Erythromycin R

Excellent (+++); Moderate (++); Poor (-); S=Sensitive; R=Resistant

The 16S rDNA gene sequence of the isolate VSM-6 displayed a close 
relation with Streptomyces labedae (Figure 2). The rDNA sequence was 
deposited in the GenBank database of NCBI with an accession number 
KU507595.

Standardization of optimal fermentation medium for 
L-asparaginase production
Influence of media on L-asparaginase production by the strain is represented  
in Figure 3a. The production medium was inoculated with S.labedae 
VSM-6, cell growth and enzyme activity was analysed every 24 h of 
incubation. Production of L-asparaginase initiated after 24h of incuba-
tion, maximum cell growth and enzyme activity was found after 6th day 
of incubation. A positive correlation was observed between cell growth 
and enzyme activity. The maximum L-asparaginase production was 
recorded for Modified glycerol asparagine broth (5.23 IU mL-1) followed 
by Modified ISP-2 broth (4.75 IU mL-1) and Asparagine dextrose salts 
broth (4.21IU mL-1). Amena et al. 12 noted that maximum production of 
enzyme was attained by the strain Streptomyces gulbargensis40 at 120 h of 
incubation. In Streptomyces griseus NIOT-VKMA 29 maximum yield of 
L-asparaginase was obtained from 6th day old culture.41 

Figure 1: Scanning electron micrograph of the marine actinobacterium 
VSM-6 grown on ISP-2 medium 
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Impact of pH and temperature on the enhanced 
production of L-asparaginase
Initial pH levels of the culture medium had a profound effect on the 
production of L-asparaginase by the strain. The maximum production  
of biomass as well as enzyme was detected at pH 8 after 144h of incu-
bation (Figure 3b). These findings are consistent with the results of 
Saleem et al.42 for marine actinomycetes where pH 8 was optimum for 
L-asparaginase production. Narayana et al. 11 revealed the optimum pH 
for L-asparaginase production at pH 7.5 by S. albidoflavus. Influence of 
temperature on L-asparaginase production was recorded by cultivat-
ing the strain at different temperature ranges between 20 to 45ºC. There  
was a steady escalation in the enzyme activity with increase in temperature  
from 20°C and reached maximum at 30ºC (Figure 3c). Extreme tem-
perature did not favour L-asparaginase production by the strain. These 
findings are in conformity with the results of Mostafa and Salma,43 
Abdel-Fatah,10 Kavitha and Vijayalakshmi,13 Selvam and Vishnupriya.44  
who recorded 30°C as optimum temperature for L-asparaginase  
production in S.collinus, S. longsporusflavus F-15, S.tendae TK-VL_333, 
S.acrimycini, respectively. The production of L-asparaginase was high in 
glycerol-asparaginase production medium with optimized initial pH 8 at 
30°C for 144h incubation by S.labedae VSM-6. 

Selection of best carbon and nitrogen sources for 
maximum L- asparaginase production 
Impact of different carbon sources on the yield of L-asparaginase by the 
strain is represented in Figure 3d. Production medium supplemented 
with different carbon sources were used to determine their influence on 
L-asparaginase production. As compared to other carbon sources, the 
yield of L-asparaginase as well as cell growth was high in the production 
medium supplemented with starch. As starch was the most preferred 
carbon source for enzyme production by the strain different concentra-
tions of starch (0.5 - 4%) was tested to determine optimal concentration 
of enzyme production (Figure 3e). Maximum biomass and enzyme yield 
was obtained in fermentation medium supplemented with 1.5% starch.  
The optimal level of carbon source for L-asparaginase production by  
S. longsporusflavus F-15 was 1.5% starch,45 while it was 1% starch for  
Streptomyces griseus NIOT-VKMA 2941. The final pH values of the  
fermentation broths of Streptomyces labedae amended with starch,  
glycerol, maltose and galactose independently developed alkaline conditions  
where as the media supplemented with other carbon sources developed 
acidic, which may be the reason for low productivity of the enzyme. 
Acidity of fermentation medium may hinder enzyme production, and  
because of this glucose is proclaimed to be the repressor for L-asparaginase 
production.46,47

Figure 2: Molecular Phylogenetic analysis by Maximum Likelihood 
method. The evolutionary history was inferred by using the Maximum 
Likelihood method. Based on the Tamura-Nei model. The tree with the  
highest log likelihood (-35681.53) is shown. Initial tree (s) for the heuristic 
search were obtained automatically by applying Neighbor-Join and 
BioNJ algorithms to a matrix of pair wise distances estimated using the 
Maximum Composite Likelihood (MCL) approach, and then selecting the 
topology with superior log likelihood value. 

Figure 3: Influence of various physico-chemical parameters on the  
production of L-asparaginase production by Streptomyces labedae  
VSM-6. (a) Influence of culture media and incubation period, (b) Effect of 
pH, (c) Effect of temperature (d) Effect of carbon sources, (e) Effect of  
different concentrations of starch, (f ) Effect of nitrogen sources,  
(g) Effect of different concentrations of yeast extract, (h) Effect of different  
concentrations of L-asparagine. (Data on cell growth and bioactive  
metabolite yield were statistically analyzed by Two-way ANOVA and 
found to be significant at 1%).
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Impact of different nitrogen sources on the production of L-asparaginase 
by the strain is presented in Figure 3f. The effect of different nitrogen 
sources on the production of L-asparaginase by the strain was designed 
by incorporating different organic and inorganic nitrogen sources to 
fermentation medium containing 1.5% starch. Among them culture  
medium amended with yeast extract favoured high yields of L-asparaginase 
as well as cell growth. Yeast extract was recorded as a best nitrogen source  
for L-asparaginase production by S. tendae TK-VL_333 and E. carotovora  
EC-11313-48 respectively. Effect of different concentrations of yeast extract 
on the production of L-asparaginase has been shown in Figure 3g. The 
optimal level of yeast extract was found to be 1% for obtaining high 
amount of L-asparaginase and biomass. Yeast extract is crucial for cell 
growth and enzyme synthesis, but in high concentrations it inhibits 
the synthesis of L-asparaginase. The optimal level of nitrogen source 
for L-asparaginase production by S. tendae TK-VL_333 was 1.5% yeast 
extract13, while it was 1% yeast extract for Streptomyces albidoflavus.11

Besides, incorporation of L-asparagine in the production medium stim-
ulated the synthesis of more L-asparaginase production by the strain. 
The study of different levels of L-asparagine (0.5-2.5%) revealed that the 
production of L- asparaginase and cell growth by the strain was high 
in medium containing 1% L-asparagine (Figure 3h). L-asparagine was 
reported to be a suitable nitrogen source for L- asparaginase production  
by Streptomyces venezuelae, S. karnatakensis,9 S. collinus,43 S. gulbargensis12  
and P. endophytica.49 Abdel-All et al.50 reported glycerol L-asparaginase 
yeast extract medium (GAY) as most effective optimum fermentation 
medium for the synthesis of L-asparaginase by S. phaeochromogenes 
FS-39.
In the present study, the optimal cultural conditions for the production  
of L-asparaginase by S.labedae VSM-6 were reported. The yield of  
L-asparaginase by the strain was high in M-3 production medium  
supplemented with 1.5% starch, 1% yeast extract and 1% L-asparagine 
with initial pH 8 at temperature 30ºC for 144 h of incubation. This is 
the first report on the production of L-asparaginase by S.labedae VSM-6.

Optimization of the nutritional and culture condition 
factors using RSM
Conventional practice of optimizing O-F-A-T is time consuming and  
demands large number of experiments to determine the optimum points.  
Optimization applying O-F-A-T requires varying one independent  
variable while keeping all other factors constant optimized value. This 
process is extremely time consuming, expensive for large number of 
variables and this process cannot analyse the interactive effect of the 
variables and also lead to false conclusions.51 This limitation can be 
eliminated by employing optimization of all the contributing factors 
together using a statistical experimental design RSM.52 The tools of 
the experimental design execute the information rich data and use of 
RSM has made this method increasingly important. CCD was used to 
optimize the L-asparaginase production. The present study was under 
taken to optimize the nutritional and cultural conditions (Incubation  
time, pH, temperature, concentration of starch, yeast extract and  
concentration of L-asparagine) using RSM for maximizing the production  
of L-asparaginase by Streptomyces labedae VSM-6. To study the interactive  
effect of the six process independent variables on the production of 
L-asparaginase a CCD having 10 central points leading to a total of 86 
experiments were executed. Equation 2 signify the mathematical model 
in relation to the L-asparaginase production by the interactive effects of 
the process variables and the second order polynomial coefficient for 
each term of the equation determined through the multiple regression 
analysis applying the Design Expert software. Supplementary Table 1 
represents the experimental and the predicted values for the L-aspara-
ginase production. Model predicted values are in good agreement with  

that of the experimental values. The optimized values of the process  
variables for the L-asparaginase production by Streptomyces labedae 
VSM-6 was found to be incubation time (6 days), pH (8), Temperature 
30 ºC, Concentration of Starch, Yeast extract and L-asparaginase was 
1.5%, 1% and 1% respectively and in these conditions the L-asparaginase 
activity recorded was 10.17 IU/ml.

Validation of the model
ANOVA variance and the regression coefficients evaluate the competence 
and the goodness fit of the experimental model designed (Table 5 and 
Table 6). The ANOVA variance of the quadratic model was found to 
be highly significant with an F value of 111.05 (Fisher’s test) along with  
the very low value of the probability (P model > f= 0.0001) that signifies  
95% of the confidence in travel. The lower value of the coefficient 
variation (CV= 1.46%) gives the better precision and the reliability of 
the experiments executed. Coefficient determination (R2) determines  
the goodness fit of the designed model. In the present study coefficient 
determination of R2 = 09377 for the L-asparaginase production is 
related to the independent process variables. A reasonable agreement  
was observed between the predicted R2 = 0.9942 and the adjusted  
R2 = 0.9087 for the L-asparaginase production. Adequate precision is a 
comparison between the range of prediction values at the design points 
and the average prediction errors and it also measures the signal to noise 
ratio. A ratio greater than 4 is desirable. The adequate precision of the 
design model was found to be 22.78 for the production of L-asparaginase 
which is an adequate accepted signal. The insignificant value of the Lack 
fit indicates the significance of the model. The model was found to be 
significant for the L-asparaginase production by Streptomyces labedae 
VSM-6 with in the ranges of the process variables employed. Quadratic  
model from other models was selected as the best model due to its highest  
polynomial order and model was not aliased. The model expressed by 
Eq 2 represents the yield of L-asparaginase. The positive sign in the Eq 
2 indicates the synergistic effect in increase and the negative sign shows 
antagonistic effect.53 
Y = -188.75704 +0.36029A +34.25396B +1.73258C +8.27465D +5.40854E  
+5.50874F +0.000000AB +0.000000AC +0.000000AD +5.20833E-005AE  
+0.000000AF -2.50000E-004BC -2.50000E-003BD +0.000000BE 
+0.000000BF -2.50000E-004CD +0.000000CE +0.000000CF 
+0.000000DE +0.000000DF +0.000000EF -1.25570E-003A2 -2.15011B2 
-0.029258C2 -2.77882D -2.72983E2 -2.80331F2 - Eq 2
Y = represents the L-Asparaginase (IU/ml) production as a function  
of the coded levels of Incubation time (A), pH (B), Temperature (C),  
Concentration of starch (E), Concentration of Yeast extract (F) and  
concentration of L-asparaginase (F).

3D response surface plots
To analyze the interactive effects among the different process variables 
and also the optimum level of each independent factor for maximization  
of L-asparaginase production by Streptomyces labedae VSM-6, 3D 
response plots were designed on the basis of the model equation. In the 
3D response plot two variables are kept constant while the other one 
is present in the investigation range (Figure 4). Level of each variable 
influencing the increase in the yield of L-asparaginase was analysed by 
plotting the response surface plots (L-asparaginase production) on the  
Z- axis against the two independent variables and keeping the third  
variable at constant (Figure 4). Maximum production of the L-asparaginase 
was recorded at the constant middle value of the process variable factors.  
Increase in the middle value showed a decrease in L-asparaginase  
production. The optimized values of the process variables for the 
L-asparaginase production by Streptomyces labedae VSM-6 was found 
to be incubation time (6 days), pH (8), temperature 30ºC, Concentration  
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of Starch, Yeast extract and L-asparaginase was 1.5%, 1% and 1% respectively  
and in these conditions the L-asparaginase activity recorded was 10. 17 IU/ml.

Validation of L-asparaginase kinetic modelling
The profiles of S.labedae VSM-6 growth concentrations, substrate 
(1.5% starch) concentrations in M-3 media and L-Asparaginase activity  
of results obtained from shake flask fermentations and model kinet-
ics were compared in Figure 5. Table 7 also shows kinetic parameters 
µmax, X0, Xmax, α, β, γ and η values. Kinetic parameters like µmax, X0 and 

Table 6: Analysis of ANOVA variance to test the adequacy of the model

Statistics Response (Production of L-asparaginase 
by Streptomyces labedae VSM-6)

R2 0.9632

Adj-R2 0.9461

Pred- R2 0.9942

Adequate precision 22.449

CV % 4.70

Table 7: Estimated kinetic parameters using unstructured kinetic modelling

LIMLP Model parameters

γ (g.S/g.X) 10.399

R2 0.967

η (g.S/(g.X.hr)) 0.053

LILP Model parameters 

α (IU/g.X) 24.098

R2 0.990

β (IU/(g.X.hr)) 0.163

L Model Parameters

μmax (hr-1) 0.046

R2 0.987

X0 (g/L) 0.050

Xmax (g/L) 0.276

Table 5: Sequential model fitting for all the responses (L-asparaginase 
production by Streptomyces labedae VSM-6)

Model parameter L-asparaginase production

Sequential model sum of squares- Quadratic vs 2FI (suggested)

Sum of squares 179.25

d.f.a 6

Mean square 29.88

F-value 250.46

p-value (Prob > F) <0.0001 (Suggested)

Lack of fit tests- Quadratic (suggested)

Sum of squares 6.92

d.f.a 49

Mean square 0.41

F-value --

p-value (Prob > F) --

 Model summary statistics- Quadratic (suggested)

Figure 4: Response surface plots showing interactive effects of selective  
variables on L-asparaginase production (AB) Incubation time and 
pH (AC) Incubation time and temperature (AD) Incubation time and 
Starch (AE) Incubation time and Yeast extract (AF) Incubation time and 
L-Asparagine (BC) pH and temperature (BD) pH and starch (BE) pH and 
Yeast extract (BF) pH and L-Asparagine (CD) Temperature and Starch (CE) 
Temperature and Yeast extract (CF) Temperature and L-Asparagine (DE) 
Starch and Yeast extract (DF) Starch and L-Asparagine (EF) Yeast extract 
and L-Asparagine. 

Figure 5: Experimental and model predicted kinetics of biomass growth, 
substrate utilization and L-Asparaginase activity using M-3 medium.
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Xmax were calculated from S.labedae VSM-6 growth kinetic profile using 
Logistic (L) model and it was observed that model predicted and experi-
mental obtained values have shown very good fit. α and β, growth and 
non-growth associated product parameter values, were estimated using 
Logistic Incorporated Leudeking-Piret (LILP) model and a higher value 
of α than β confirmed that L-Asparaginase production by S.labedae 
VSM-6 is more growth associated than non-growth associated. The  
Logistic Incorporated Modified Leudeking-Piret (LIMLP) model simulated  
parameters, γ and η, are also show good regression square (R2), confirms 
that this model is more appropriate to represent 1.5% starch (in M-3) 
utilization kinetics in L-Asparaginase production by S.labedae VSM-6. 
L-Asparaginase activity from experiment value (10.17 IU/ml) is much 
closer to model predicted value (10.23 IU/ml) and hence, the used  
unstructured models provided a better approximation for L-Asparaginase 
production by S.labedae VSM-6. 

CONCLUSION
A potent L-asparaginase producing actinomycete was isolated from 
deep sea sediment sample collected from Bay of Bengal. The isolate was 
identified as Streptomyces labedae based on the cultural, biochemical and 
molecular approaches. L-asparaginase production by S.labedae VSM-6 
was initially optimized using one factor at a time (O-F-A-T) where the 
yield of the L-asparaginase was recorded to be 8.92 IU/ml. The optimal 
values obtained from O-F-A-T were selected and the experimental model 
was designed using response surface methodology. Central composite 
design (CCD) of RSM was employed for optimization of L-asparaginase  
production and yield of L-asparaginase was recorded to be 10.17 IU/ml.  
The model was found to be significant and the model followed the  
second order polynomial equation. The experimental values are in good 
agreement with the predicted values of the model. Unstructured Kinetic 
modelling for L-asparaginase production using Leudeking-Piret (LILP) 
and Logistic Incorporated Modified Leudeking-Piret (LIMLP) models 
revealed that L-asparaginase production was found to be (10.17 IU/ml) 
is much closer to model predicted value (10.23 IU/ml) and hence, the  
used unstructured models provided a better approximation for L-Aspar-
aginase production by S.labedae VSM-6.
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