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Bacterial isolates from marine fishes were screened for L-Asparginase 

production on M9 minimal agar medium. Eleven isolates were selected 

for the estimation of extracellular enzyme production by submerged 

fermentation. Highest enzyme activity observed was 39 IU/ml. 

Bacterial mass assessed as optical density using spectrophotometer 

showed strong correlation (p<0.01) with the extracellular enzyme 

production. In laboratory scale process optimization studies, conditions 

selected for L-asparaginase production were 400C temperature, 7.0 pH 

and 3% sodium chloride concentration. The yield has been increased to 

42IU/ml upon fermentation with optimized process parameters. 

Taxonomic identity of the best extracellular enzyme producing 
bacterial isolate was studied by biochemical analysis, PCR 

amplification of a portion of 16S rDNA and comparative sequence 

analysis using NCBI tool. The isolate was identified as Enterobacter 

hormaechei. Halotolerance and sustained enzyme production at an 

elevated temperature might be advantages to exploit the bacterium on 

commercial scale for the production of extracellular L- asparaginase.   

 
                  Copy Right, IJAR, 2016,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The enzyme L- asparaginase (L- apsarginase amidohydrolase, EC 3.5.1.1) is among the list of essential medicines 

for basic health system by World Health organization (Robertson et al., 2015; Andrade et al., 2014). L- asparginase 

is widely accepted for its anti-neoplastic activity and is used for the treatment of acute lymphoblastic leukemia and 

lymph sarcoma (Neelam and Kuldeep, 2007). L-asparaginase, when administered to patients, catalyzes the 
hydrolysis of serum L-asparagine into L-aspartic acid and ammonia. Neoplastic cells depend on serum L-aspargine 

for their survival whereas normal cells can synthesize it. In presence of pharmacological concentrations L-

asparaginase, neoplastic cells are eliminated by depriving the essential amino acid. The pharmaceutical enzymes 

have advantageous characteristics like biodegradability, non-toxic nature and ease of administration at the local 

sites. Besides the therapeutic value, L-asparaginase has also been used in food processing industries due to their 

capability to reduce acrylamide content in fried and baked foods. 

 

Various sources of clinically important L-Asparginase enzyme like bacteria, fungi and plants were reviewed by 

Dhananjayam and Kannan (2014) and Kumar and Verma (2012). Novel sources like marine actinomycetes 

(Shivasankari et al., 2016) and genetically engineered microorganisms (Kishore et al., 2015) were also studied for 
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the enzyme production. Commercial bacterial producers are Erwinea spp., E.coli and Pseudomonas spp. (Peterson 

and Ciegler, 1969). On long term medication, the enzyme develops adverse immunological reactions (Burke 2014; 

Cortijo et. al., 2012). There is a continued demand for high quality L-asparaginase with more stable immunological 

properties for clinical applications. Enzymes from marine organisms, being halotolerant or halophilic in nature, 

might have more environmental adaptability and stable features.  Most of the scientific reports were on cytoplasmic 

or periplasmic L-Asparginases from bacteria. Considering the advantages of bacterial bioprocess, the present study 
envisages the screening for halotolerant bacterial strains with extracellular L-asparaginase production. The 

halophilic nature of the bacteria studied could be an added advantage to eliminate mesophilic contaminants during 

bioprocess.  

 

Materials and Methods:- 
2.1 Sample preparation: 

Samples of Sardinella longiceps (common name: Sardine) and Rastrelliger kanagurta (common name: Mackerel) 
were collected from retail outlets in and around Kochi, Kerala state in South India. A total of 24 samples of fishes 

were analyzed and each of the samples included a portion of the intestine, gills and skin with muscle.   

 

2.2 Screening for L-asparginase producing bacteria on M9 medium: 

Screening for L- asparaginase production was carried out on M9 minimal medium (Gulati et al., 1997). Ingredients 

per litre of the medium are  Na2HPO4.2H2O, 6.0 g; KH2PO4, 3.0 g; NaCl, 0.5 g; L-asparagine, 5.0 g; MgSO4.7H2O, 

0.5g; CaCl2.2H2O, 0.15g; Glucose,2g; bacteriological agar, 20.0 g. Phenol red (0.005%) is used as the pH indicator.  

 
Fig 1:- L-Asparaginase producing colonies showing pink halo in the M9 medium 

 

The M9 agar plates were surface plated with dilutions of the sample. The M9 medium contains L-asparagine as sole 

source of nitrogen. The pink coloration is due to the increase in pH around the colonies where ammonia is liberated 

by the hydrolysis of L-asparagine. Phenol red in the medium indicates the increase in pH as colour change from 
yellow to pink and thus suggestive of positive L-asparaginase production. The diameter of the pink zone represents 

the extent of enzyme production and was measured after 48 h incubation (Fig 1).  Based on the zone diameter, 120 

isolates were screened and categorized as ‘excellent’, ‘good’, ‘medium’ and ‘poor’ producers. The category 

‘excellent producers’ had the diameter of pink halo above 14mm, ‘good producers’ has the halo between 13.9mm-

10mm, ‘medium producers’ has 9.9mm-6mm and ‘poor producers’ has lesser than 5.9mm respectively. 

 

2.3 Phenotypic characterization of the L- asparaginase producing isolates: 

Phenotypic characterization was done by studying morphological and biochemical characteristics. Biochemical tests 

performed were IMViC tests, sugar fermentation test using glucose, sucrose and lactose, urease test, catalase test, 

hydrogen sulphide production, gelatin hydrolysis and starch hydrolysis test by standard procedures (Cappuccino and 

Sherman, 2011; http://microbeonline.com/bacterial-identification-methods/). Growth media used for biochemical 

studies were supplemented with 3% sodium chloride to maintain the halotolerant properties of the isolates. 
 

2.4. Quantitative Assays on the Production of L-asparaginase: 

Broth based assays were performed as an effort to screen the isolate that would produce highest yield of 

extracellular L-asparaginase. Eleven isolates which produced a conspicuous pink zone with more than 14mm 

diameter size was examined for enzyme activity by submerged fermentation in Tryptone glucose yeast extract 

(TGY) broth (Gulati et al.,1997; Imada et al., 1973).  For enzyme production, a 250 ml volume of TGY broth in 

500-ml Erlenmeyer flasks was inoculated 1ml of inoculum (0.2 OD at 600nm) of the bacterium to be tested. The 

broth is incubated in a shaker incubator at (180 rotations/min) at 37
0
C for 48h. After incubation, 0.1ml of 

http://microbeonline.com/bacterial-identification-methods/
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supernatant was tested with 0.9 ml of 0.1M Sodium borate buffer (pH 8.5) and 1 ml of 0.04M L-asparagine. The 

mixtures were incubated at 370C for 15 minutes, and the reaction was stopped by the addition of 0.5 ml of 15% 

(w/v) trichloroacetic acid. Precipitated proteins were removed by centrifugation and the liberated ammonia was 

determined by using Nessler’s reagent. Enzyme activity was calculated as international unit (IU)  and one unit 

equals to the amount of enzyme which releases 1 µmole of ammonia in 1 minute at 37
0
C (Wriston and Yellin,1973).  

 

2.5. Process optimization studies for L-Asparaginase production: 

Among the eleven isolates, the strain which showed highest enzyme activety (Sp7) was selected for further process 

optimization. Consistent yield on M9 agar medium as well as TGY broth medium were considered for selecting the 

candidate strain. The production of the enzyme was evaluated at various pH ranging from 5 to 9. The TGY broth 

was adjusted to the test pH with 0.1N HCl and 0.1N NaOH. TGY broth was supplemented with 3% NaCl and the 

culture was incubated at 370C in shaker incubator. At fixed intervals during incubation, growth at OD600 and the 

enzyme estimation was done. Optimization of growth temperature was conducted in TGY broths at constant pH (7) 

and salt concentration (3%) at variable temperatures namely 300C, 370C, 400C and 450C. Similarly, the enzyme 

production and growth was evaluated at different sodium chloride concentrations like 1%, 3%, 5%, 7% and 9% in 

TGY broth at constant growth temperature (370C) and pH (7).   

 

2.6. Taxonomic characterization of the isolate by 16SrDNA: 
Genomic DNA was isolated from 18h old cells by the method described by Wilson, 2001[16]. A 380bp stretch of 

16S rDNA was amplified in a thermal cycler (Eppendorf, Germanay) using specific forward primer, RW01 (5’-AAC 

TGG AGG AAG GTG GGG AT-3’) and reverse primer, DG74 (5’-AGG AGG TGA TCC AAC CGC A-3’). 

Polymerase chain reaction (PCR) was carried out using conditions like initial denaturation at 950C for 5 minutes 

followed by 30 cycles with 950C for 25 seconds for denaturation, 550C for 25 seconds for annealing and 720C for 1 

minute for extension and then at 720C for 10 minutes final extension. The amplicons were separated in 1.2% agarose 

gel and viewed using gel documentation system (Vilber Loumart, France). The band corresponding to ~380bp was 

purified and sequenced in both directions using Genetic Analyzer (Applied Biosystems, USA). The trimmed 

sequence was used as the query sequence to compare similar sequences using nucleotide BLAST tool from the 

website of National Centre for Biotechnology Information (NCBI).   

 

Results and Discussion:- 
3.1 Phenotypic characterization of the L- asparaginase producing isolates: 

Results of the biochemical characterization of L-asparaginase producing bacterial isolates were presented in Table 1. 

A total of 98 isolates were assigned to different bacterial genera. The prevalence of the genera in the two fishes was 

Aeromonas (17.34%), Arthrobacter (4.08%), Bacillus (8.16%), Enterobacter (10.20%), Erwinea (8.16%) 

Flavobacter (10.20%), Pseudomonas (5.10%), Serratia (14.28%) and Vibrio (24.48%). Twenty two isolates could 

not be assigned to any genera and required further biochemical tests for the identifying the taxonomic status. A few 
of these bacterial genera  are currently exploited for commercial production (Peterson and Ciegler, 1969). L-

asparaginase is increasingly in demand due to its specific action and ease in combination therapy. However, on long 

term usage, the enzyme induces immunological responses like tolerance or hypersensitivity reactions. This warrants 

the need for novel enzyme with stable properties and fewer immunological effects. In the study, marine bacterial 

isolates were considered as their enzymes are adapted to specific growth conditions of elevated salt concentrations. 

Halophilic and halotolerant bacteria were reported to be exploited commercially for pharmaceutical enzyme 

production (Ebrahiminezhad et al., 2011, Shirazian et al.,2016).  

L-Asparaginase is generally a cytoplasmic enzyme or would be secreted into the periplasmic space by the bacteria. 

Present study attempted to look for the extracellular enzyme production because of the economic benefits of easy 

downstream processing. Extracellular L-asparaginase production was reported earlier Murthy et al. (2015). The 

strain selected (Sp7) for the process optimization experiments was a halotolerant bacterium as it did not exhibit 
growth above 7% NaCl concentration in the growth medium. Unlike extreme halophilic bacteria, halotolerant 

bacteria would not accumulate ions in its cytoplasm for the osmotic balance (Nieto and Vargas, 2002; Brown, 1976).  

Thus the enzyme would be stable in general physiological conditions and the metabolic properties of the 

extracellular enzyme might be optimal for the pharmacological purposes.  

 

3.2. Quantitative Assays on the Production of L-asparaginase 

Out of the 120 enzyme producing isolates screened on M9 agar, 11 isolates were categorized as ‘excellent 

producers’ followed by 34, 48 and 27 as ‘good producers’, ‘medium producers’ and ‘poor producers’ respectively 
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(Fig 2). ‘Excellent producers’ were belonged to the genus Bacillus, Psuedomonas, Aeromonas, Enterobacter,  

Serratia and Vibrio. 

 

 
 

 

 

Fig 2:0 L-Asparaginase production by halotolerant bacterial isolates from marine fishes 

 

A total of eleven strains were assessed for their enzyme production in TGY medium by submerged fermentation. 
Growth conditions provided were 370C temperature, 1% salt concentration and 7 pH. The active enzyme in the 

culture broth ranged from 11IU to 39IU per ml. The isolate, Sp7, showed the highest enzyme activity of 39IU/ml 

and was selected for further process optimization experiments.  The Sp7 isolate showed 16mm pink halo on the M9 

agar medium. The bacterium  is Gram negative rods, non sporulating and showed positive reaction  for biochemical 

tests like Vogues Proskaeur test, Citrate utilization test, Urease test, Sugar fermentation test for lactose, sucrose  and 

dextrose and Catalase test, and showed negative reactions for Indole test, Methyl red test, Starch hydrolysis test, 

Gelatin liquefaction test and H2S production test. Phenotypically, the isolate was identified as Enterobacter sp.  

 

3.3. Process optimization studies: 

Result of the optimization assays for pH, temperature, and salinity tolerance was graphically represented in the fig 3. 

In all the experiments growth of the bacterium positively correlated with the extracellular enzyme production 
(p<0.01). The parameters selected were pH 7, temperature 400C and salt concentrations 3% for the laboratory scale 

production. In optimal physicochemical conditions, the enzyme activity was increased to 42IU/ml. The increase in 

production is apparently small (1.6%) and further studies on substrate optimizations and effective strain 

improvement strategies are to be performed to increase the yield.  Halotolerance and the elevated growth 

temperature of the isolate could be advantageous for reducing mesophilic contamination during the production 

process. 

Excellent
9%
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40%
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23%
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Fig 3:- Effect of pH, temperature, and salt tolerance on growth and L-asparaginase  production by Enterobacter 

sp.(Sp7) 

 

3.4. Taxonomical analysis of Sp7 isolate: 

The taxonomic identity of the selected isolate, Enterobacter sp. (Sp7)  was further confirmed by16S rDNA 

characterization. The 16S rDNA based identification has advantageous over conventional biochemical method as it 
provide species level and phylogenetic information (Fredricks and Relman,1996). Fig 3 shows the separated 

amplicon (~380bp) in 1.2% agarose gel. Trimmed sequence data of the partial 16S rDNA sequence was used as the 

query sequence to align similar sequences of the NCBI using nucleotide BLAST tool. The sequence showed 100% 

sequence identity with Enterobacter hormaechei. 
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Fig 4:- Partial 16S rDNA amplicon from Enterobacter sp. (Sp7)  

 

Enterobacter  hormaechei belong to the family Enterobacteriacae which comprises generally mesophilic bacteria. 

The species is already exploited for industrial purpose as it produces rhamnolipid with biosurfactant properties 

(Mojard et al., 2016). In another study by Sullam and his team (2012) on the formation of gut bacterial community 

on the fish, the halotolerant nature of the bacterium was reported. Enterobacter  hormaechei’s competent survival 

efficiency, adaptability to grow in wide range growth parameters and extracellular nature of L-asparginase 

production would make it a good candidate as an industrial strain with potential for commercial exploitation. 
 

Table.1:- Biochemical characterization of L- asparginase producing bacterial isolates from selected marine fishes.  

Biochemical tests Sardinella longiceps (No. of bacterial 

isolates= 68) 

Rastrelliger kanagurta (No. of 

bacterial isolates = 52) 

Positive  Negative  Positive  Negative  

Gram reaction 14 (20.59%) 52 (79.41%) 13 (25.00%) 39 (75.00%) 

Citrate utilization test  40 (58.82%)  28 (41.18%)  41 (78.84%)  11 (21.16%)  

Indole production test  32 (47.05%)  36 (52.95%)  33 (63.46%)  19 (36.54%)  

Methyl red test  24 (35.29%)  44 (64.71%)  21 (40.38%)  31 (59.62%)  

Vogues Proskaeur test  44 (64.70%)  24 (35.30%)  30 (57.69%)  22 (42.31%)  

Urease test  41 (60.29%)  27 (39.71%)  13 (25.00%)  39 (75.00%)  

Lactose fermentation test 31 (45.58%)  37 (54.42%)  34 (65.38%)  18 (34.62%)  

Sucrose fermentation test  28 (41.17%)  40 (58.83%)  28 (53.84%)  24 (46.16%)  

Dextrose fermentation test  35 (51.47%)  33 (48.53%)  32 (61.53%)  20 (38.47%)  

Starch hydrolysis test  26 (38.23%)  42 (61.77%)  9 (17.30%)  42 (82.70%)  

Gelatin liquefaction test 41 (60.29%)  27 (39.71%)  31 (59.61%)  21 (40.39%)  

Hydrogen sulphide production  26 (38.23%)  42 (61.77%)  12 (23.07%)  40 (76.93%)  

Catalase test  32 (47.05%)  36 (52.95%)  23 (44.23%)  29 (55.77%)  

 

Conclusion:- 
A strain of halotolerant bacterium, Enterobacter hormaechei, isolated from marine fish was found to be suitable for 

extracellular L- Asparginase production. The stability exhibited by the enzyme at wide physico-chemical conditions 

and tolerance up to 7% salt concentration would make it a suitable strain for L-asparaginase production with lesser 

mesophilic contamination.  
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