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The present investigation was aimed at assessing production of L-asparaginase by endophytic bacteria, associated with 
ethnomedicinal plants of North-east India, keeping in view their relevance as anticancer agents. In recent years, microbial 
asparaginases have drawn particular interest because of their potential antineoplastic properties and significant application in 
food industries. Among the endophytes, Serratia marcescens cenA, Bacillus subtilis cenB, B. methylotrophicus PotA and B. 
siamensis C53 produced significant level of L-asparaginase. Their enzyme activity was determined at different incubation 
periods and the maximum L-asparaginase activity was noted in the culture filtrate of endophytic S. marcescens cenA 
(0.8579 IU.mL-1), followed by B. methylotrophicus PotA (0.8379 IU.mL-1) at 96 h. The study also revealed that endophytic 
bacteria had good antioxidant properties, with S. marcescens cenA showing the highest activity (IC50=17±0.013 mg.mL-1).  
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Introduction  
Compounds derived from natural sources play a 

dominant role in the discovery and development of 
conventional drugs for the treatment of diseases like 
cancer. The tribal people of North-eastern region of 
India are known to use plants as folk remedies for 
treating a variety of ailments1. An alternative 
approach in investigating plant-microbe interaction 
and screening the associated bacteria for bioactivity 
potential similar to their host plants may not only 
reduce the unwanted destruction of ethnomedicinal 
plants but also provide an alternative source for the 
extraction of potential metabolites. 

Endophytes are specific group of microorganisms 
that can be found residing in internal, healthy plant 
tissues without causing visible damage to their hosts2. 
They produce compounds having pharmacological 
significance. For example, Taxol, an effective 
antitumor drug produced by endophytic fungi 
Taxomyces andreanae in the bark of the yew tree, 
Taxus brevifolia3. At present, there are many reports 
demonstrating fungal endophytes as sources of novel 
bioactive natural products as they occupy millions of 
unique biological niches growing in unusual 
environments4. 

L-Asparaginase (EC 3.5.1.1) is widely used as 
anticancer agent5. It is preferred over the chemical 
drugs for its biodegradability and non-toxicity, and it 
can be administered at the local site quite easily6-8. 
Current clinical studies indicate that this enzyme is 
also a promising agent in treating some forms of 
neoplastic cell diseases in human9. Administration of 
L-asparaginase depletes L-asparagine level at 
circulating plasma pool in the body, resulting in 
starvation of the amino acid and impaired protein 
synthesis10,11. Apart from its therapeutic application, 
L-asparaginase is also being used in food industry as 
it is known to reduce the formation of carcinogenic 
acryl amides in deep fried potato recipes12. 
Extracellular L-asparaginase is more advantageous 
than intracellular ones since they can be abundantly 
produced and purified economically under normal 
culture conditions. L-Asparaginase from bacterial 
source has known to be used as a therapeutic agent for 
the treatment of acute lymphoblastic leukaemia8,13. 

Recently, some studies have been conducted on the 
antioxidant and antitumor activity of the crude extract 
of ethnomedicinal plants of North-east India14,15. The 
present study aims to investigate L-asparaginase 
production and antioxidant potential of the bacterial 
endophytes associated with the selected ethnomedicinal 
plants of North-east India. This is done because the 
isolation of microorganisms in culture is an important 

—————— 
*Author for correspondence: 
srjoshi2006@yahoo.co.in 

mailto:srjoshi2006@yahoo.co.in


INDIAN J BIOTECHNOL, JANUARY 2015 
 
 

60 

process for the study and discovery of novel biological 
activity from microorganisms. Hence, the endophytic 
bacteria were evaluated using their culture extracts for 
their bioproperties.  
 
Materials and Methods 
 
Plant Sample Collection 

Healthy plants (Centella asiatica, Litsea cubeba, 
Potentilla fulgens, Houttuynia cordata, Spilanthes 
acmella & Rubia cordifolia) used by different 
Traditional Medicinal Practitioners (TMPs)  
were collected from different parts of North-east India 
(N-25°26.737', E-091°44.737; N-25°36.904',  
E-091°54.121') based on their ethnomedicinal usages. 
The taxonomic identity of the plants was confirmed 
with the help of Herbarium Curator of the parent 
university. All the samples were collected in 
previously unused polythene bags and brought to the 
laboratory and used for the isolation of endophytes 
within 24 h of collection. 
 
Isolation of Endophytic Bacteria 

Endophytic bacteria were isolated from the healthy 
plant samples, devoid of any apparent pathogens as 
per the method previously reported4,16 with minor 
modifications. Plant parts (leaves, stems, roots, 
flowers & fruits) were washed thoroughly with tap 
water, followed by sterile double distilled water and 
drained before immersion in 70% ethyl alcohol for 30 
sec. They were further washed with sodium 
hypochlorite solution (2%) for 2 min. The plant parts 
were drained with blotting paper and immersed in 
70% ethyl alcohol again for 30 sec17. The samples 
were then rinsed with sterile double distilled water. 
Each plant sample was cut aseptically into 1 cm long 
segments using a sterile blade under the laminar flow 
hood and allowed to dry. The cut surfaces of the 
segments were placed on Petri plates containing 
Nutrient Agar (NA) and Tryptic Soya Agar (TSA) 
(Himedia, India). Plates were then incubated at 32°C 
for 48 h. Colonies with different morphology and 
pigmentation were randomly selected from each plate 
and streaked on fresh NA plates. Isolates were 
checked for purity by re-streaking on plates of the 
same medium and then transferred to nutrient agar 
slants and stored at 4°C. Pure isolates were preserved 
in 20% glycerol at 20°C for further use. 
 
Molecular Characterization of Isolates 

Total genomic DNA was extracted using HiPurATM 
bacterial and yeast genomic DNA Isolation Kits 

(Himedia, India). PCR amplification and sequencing 
of 16S rRNA gene was carried out in a 25 µL reaction 
mixture using general primers 27F 5-
AGAGTTTGATCCTGGCTGAG-3and 1541R 5-
AAGGAGGTGATCCAGCCGCA-3 with the 
following conditions: denaturation at 94°C for 5 min, 
followed by 30 cycles at 94°C for 1 min, annealing at 
55°C for 1 min, extension at 72°C for 2 min, and final 
step was carried out at 72°C for 5 min and 4°C till 
infinity. The V6-V8 hypervariable region of bacteria-
specific 16S rRNA gene was amplified with the 
primer pair 984F 5-AACGCGAAGAACCTTAC-3 
and 1378R 5-CGGTGTGTACAAGGCCCGGGA 
ACG-318 with the following conditions: denaturation 
at 94°C for 5 min, followed by 30 cycles at 94°C for  
1 min, annealing at 60°C for 1 min, extension at 72°C 
for 2 min, final step was carried out at 72°C for 5 min 
and then 4°C till infinity using PCR Gene Amp 9700 
(Applied Biosystems, USA). DNA template replaced 
with sterile water was used as negative control. The 
amplified 16S rRNA gene (approx 1400 base pairs) 
and V6-V8 region (approx 400 base pairs) was then 
purified using QIAquick Gel Extraction Spin Kit 
(QIAGEN, Germany). The purified PCR products 
were bi-directionally sequenced using both forward 
and reverse primers in a sequencer Genetic Analyzer 
(ABI 3130 Applied Biosystems, USA) with Big Dye 
(3.1) terminator protocol. Sequencing was performed 
using 20 µL reaction mixture containing about 50 ng 
DNA template (PCR product), 1 pmol of sequencing 
primer, 3.5 µL (5X) Big Dye buffer and 1 µL Big 
Dye. This was carried out by denaturation step at 
96°C for 5 min, followed by 30 cycles at 96°C for  
10 sec, 55°C (60°C for V6-V8 region) for 10 sec and 
final step at 96°C for 5 min. Post reaction cleanup was 
carried out to remove unwanted matters including 
unincorporated dye terminators by using 125 mM 
EDTA, 3 M sodium acetate and 70% ethanol and then 
air dried at room temperature for 45 min before 
keeping at 20°C. 10 µL formamide was added and 
then denaturation step was carried out at 96°C for  
2 min and immediately kept in ice before loading into 
the sequencer plate. Sequencing was performed using 
Genetic Analyzer ABI 3130XL (Applied Biosystems, 
California, USA). 
 

Phylogenetic Analysis  
Sequence similarities were determined by the 

BLAST program against the database of type strains 
with validly published prokaryotic names at the 
EzTaxon 2.1 server19. Molecular Evolutionary 



NONGKHLAW & JOSHI: L-ASPARAGINASE FROM ENDOPHYTIC BACTERIA  
 
 

61 

Genetics Analysis software (MEGA version 4.0)20 
was used for phylogenetic analysis. The sequences of 
identified phylogenetic neighbours were aligned with 
the sequences of representative strains using Clustal 
W inbuilt with MEGA 4. Neighbour-Joining method 
was employed to construct the phylogenetic tree with 
1000 bootstrap replications to assess nodal support in 
the tree. Bootstrap values of 80% or greater were used 
to define well-supported clusters of the nucleotide 
sequences in the tree. 
 
Screening for L-Asparaginase Production 

The endophytes isolated were subjected to rapid 
screening of L-asparaginase production by plate 
assay21. Modified Czapek Dox’s (MCD) medium was 
used [0.2% (w/v) glucose, 1% (w/v) L-asparagine, 
0.152% (w/v) K2HPO4, 0.052% (w/v) KCl, 0.052% 
(w/v) MgSO4.7H2O, 0.003% (w/v) CuNO3. 3H2O, 
0.005% (w/v) ZnSO4.7H2O, 0.003% (w/v) 
FeSO4.7H2O, 1.8% (w/v) agar, initial pH 6.2 was 
supplemented with 0.009% (v/v) phenol red as 
indicator]. Phenol red at acidic pH is yellow and at 
alkaline pH turns pink, thus a pink zone is formed 
around microbial colonies producing L-asparaginase. 
Control plates were having modified Czapek Dox’s 
medium without asparagine. The plates were 
incubated at 37°C for 72 h. The isolates that showed 
L-asparaginase production were selected for 
determination of enzyme activity. 
 
Extraction of Crude Enzyme 

Submerged fermentation for L-asparaginase 
production was carried out using modified Czapek 
Dox’s liquid medium. Erlenmeyer flask containing 
100 mL of medium were inoculated with screened 
organism. The flasks were incubated at 37°C at 
different incubation period (48, 72 & 96 h). 
Uninoculated media served as control. The cultures 
were harvested by centrifuging at 6,000 rpm for  
15 min and the cell free supernatant was used for 
estimating the extracellular enzyme activity. Enzyme 
activity was determined at 48, 72 and 96 h.  
 
Spectrophotometric Assay of L-Asparaginase Enzyme 

L-Asparaginase activity was determined by 
measuring the amount of ammonia released by 
Nesslerization5. 0.1 mL of crude enzyme, 0.9 mL of 
0.1 M sodium borate buffer (pH 8.5) and 1 mL  
L-asparagine (0.04 M) solution were combined and 
incubated for 10 min at 37oC. Control was maintained 
without addition of crude enzyme. The reaction was 
stopped by the addition of 0.5 mL of 15% w/v 

trichloro acetic acid. After termination of the reaction, 
3.7 mL volume of distilled water and 0.2 mL of 
Nessler’s reagent were added to 0.1 mL of the above 
reaction mixture and incubated for 20 min. The 
amount of ammonia released during the reaction was 
determined by measuring the absorbance at 500 nm 
(Stuart RE300P, UK). Enzyme activity is expressed as 
one international unit (IU) of L-asparaginase is the 
amount of enzyme needed to liberate 1 μmol of 
ammonia in 1 min at 37oC22. Ammonium chloride was 
used as standard (5.349 mg.mL-1).  
 
Determination of Antioxidant Activity by 2,2’-diphenyl-1-
picrylhydrazyl (DPPH) Radical Scavenging Method  

Each isolate was grown in 100 mL Nutrient Broth 
incubated at 32°C for 3 d at 120 rpm. The bacterial 
culture broth was centrifuged at 10000 rpm for 15 min 
and the supernatant was filtered using autoclaved  
0.22 μm membrane filter paper. Methanol was added 
to the filtrate (2:1) and stirred for 24 h for extraction. 
The methanolic extract was filtered and concentrated 
using rotary evaporator (Stuart RE300P, UK) under 
reduced pressure at 45°C. The concentrated methanolic 
extract of each isolate was then diluted for antioxidant 
assay23. Methanolic extract (0.1 mL) was added to  
3.9 mL of a 6 10-5 mol.L-1 methanol DPPH solution. 
Control consisted of 0.1 mL of distilled water added to 
3.9 mL DPPH solution. The reaction mixture was 
vortexed thoroughly and left in the dark at ambient 
temperature for 30 min. Fresh DPPH solution was 
prepared daily and kept in the dark at 4°C between 
measurements. All determinations were performed in 
triplicates. Methanol was used to set zero blank and 
the absorbance was read at 517 nm (Cecil CE7200, 
UK). A solution of methanol DPPH without extract 
was used as control. The percentage radical 
scavenging activity was calculated using the formula: 

Scavenging effect (%) = [(Ao
 
–A1)/Ao]100 

Where Ao is the absorbance of control and A1 is the 
absorbance of sample extract or standard. Ascorbic 
acid was taken as known antioxidant for comparative 
analysis. Then percentage inhibitions were plotted 
against respective concentrations used and the extract 
concentration providing 50% inhibition (IC50) was 
calculated from the standard graph. Ascorbic acid was 
used as standard (1 mg.mL-1). The experimental 
results of biological activity tests were expressed as 
mean±standard deviation (SD) of three replicates. The 
results were processed using Microsoft Excel 2007 
and Origin 6.0. 
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Results and Discussion 
L-asparaginase production was detected on the 

basis of formation of pink colour around the colony 
(Fig. 1). Among the plant associated endophytic 
bacteria (Table 1), Serratia marcescens cenA  
and Bacillus subtilis cenB associated with  
Centella asiatica, B. siamensis C53 associated with 
Litsea cubeba and B. methylotrophicus PotA 
associated with Potentilla fulgens showed positive 
results for L-asparaginase production. L-asparaginase 
activity was observed in the range of 0.6643-0.857 
IU.mL-1 (Fig. 2). From the experimental results, 
optimum L-asparaginase activity was observed at  
72 to 96 h with the maximum activity noted in  
culture filtrate of S. marcescens cenA with  
0.8579 IU.mL-1, followed by B. methylotrophicus 
PotA with 0.8379 IU.mL-1 at 96 h of incubation  
(Fig. 2). L-asparaginase production was found to be 
accompanied with the rise in pH as observed by 
colour change to pink in the plates. The acid-base 
indicator dye, phenol red converted to pink colour at 
basic pH. Lack of L-asparagine in the culture medium 

did not depict any colour change, which proved that 
colour transformation was due to L-asparaginase 
production9. 

Similar to earlier reports24,25, the present study  
has also shown that culture incubation for 96 h was 
the optimum time required for L-asparaginase 
activity26. L-Asparaginase, which is currently  
used clinically, is extracted from bacterial sources27. 
These findings suggest that this ecological group  
of bacteria isolated from ethnomedicinal plants are  
an excellent source of L-asparaginase and natural 
antioxidant that could have great relevance as 
therapeutic agents. In food industry, pre-treatment of 
unprocessed food materials with the enzyme  
L-asparaginase leads to the reduction of free 
asparagine to a significant level, thus reducing the 

Table 1—L-Asparaginase production by endophytic bacteria characterized from ethnomedicinal plants  

Host plant Endophytes GenBank 
acc. no. 

% similarity Nucleotide 
length 

(base pairs) 

L- Asparaginase 
production 

Centella asiatica Serratia marcescens cenA JN613282 99.9 1368 + 
 Bacillus subtilis cenB JN613283 99.8 1411 + 
Litsea cubeba B. siamensis C53 JN585960 100 401 + 
 Paenibacillus uliginis C22 JN585959 100 373 _ 
Rubia cordifolia B. mycoides M31 JX298809 99.9 1456 _ 
Potentilla fulgens B. methylotrophicus PotA JQ236632 100 1418 + 
Spilanthes acmella Pseudomonas palleroniana Y1 JQ770187 99.7 1406 _ 
Houttuynia cordata Bacillus sp. F21 JX298807 100 1420 _ 
Aloe vera Herminiimonas saxobsidens AA JQ770186 99.8 1399 _ 

+ = Presence ; - = Absence 

 
 
Fig. 1—Plates showing control (left) and positive result for L-
asparaginase (right) where pink zone was observed surrounding 
bacterial growth due to L-asparaginase activity. 

 
 
Fig. 2—L-Asparaginase activity (IU) of endophytic isolates at 
different incubation period (n = 3). 



NONGKHLAW & JOSHI: L-ASPARAGINASE FROM ENDOPHYTIC BACTERIA  
 
 

63 

imminent risk of the synthesis of acrylamide28. These 
endophytic organisms indicate a possibility of 
mimicking mechanisms to produce similar products 
as their host plants.  

Methanolic extracts of endophytic isolates with  
L-asparaginase production were able to reduce  
the stable radical DPPH to a yellow-coloured 
diphenylpicrylhydrazine. Ascorbic acid showed the 
highest radical scavenging activity (IC50=0.062±0.006 
mg.mL-1), followed by the culture extract of the 
endophytic S. marcescens cenA (IC50=17.0±0.013 
mg.mL-1) (Fig. 3). In the present study, bacterial 
endophytes producing L-asparaginase showed better 
antioxidant activity than the isolates lacking  
L-asparaginase. Based on their phylogenetic analysis 
(Fig. 4), endophytes belonging to Bacillus spp. 
showed significant biological activities. 

The IC50 value is a widely used parameter to 
measure the free radical scavenging activity. Lower 

IC50 value indicates a higher activity29.  
The present study revealed that isolates producing  
L-asparaginase also showed good antioxidant activity. 
However, all isolates with good DPPH radical 
scavenging activity does not produce L-asparaginase. 
S. marcescens and B. methylotrophicus showed good 
L-asparaginase and antioxidant activity, indicating a 
potential source for the production of L-asparaginase 
enzyme on a large scale. Agar plate assay and 
spectrophotometric method were compared for  
L-asparaginase activity and it was found that some 
isolates, such as, B. methylotrophicus, showed better 
enzyme activity in agar plate assay but not by 
Nesslerization assay, which corroborates with the 
earlier reports30. 

The major problem facing the future of endophyte 
biology and natural product discovery is the rapid 
deplenishing of rainforests together with the 
disappearance of traditionally used ethnomedicinal 
plants, which hold the greatest potential resource for 
acquiring novel microorganisms and their products. 
Thus, screening and optimization of bioactive 
compounds of industrial relevance, such as,  
L-asparaginase, from bacterial endophytes associated 
with ethnomedicinal plants will not only assist in 
conservation of plants but will also help in larger 
recovery of the microbial metabolites as products of 
pharmacological importance.  
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