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Abstract
The enzyme L-asparaginase is commonly used in treatment of acute lymphoblastic leukemia (ALL). Due 
to its therapeutic importance and growing demands in medical and food industry much of the research 
have been focused to produce this enzyme with better activity and less disadvantages; for instance 
microbes have been extensively used to produce L asparaginase at affordable prices, a wide range of 
bacterial species have been reported that can produce high yields of this enzyme. The present study 
is an attempt to compare the production of L asparaginases between gram positive and gram negative 
bacterial species isolated from soil under same fermentation conditions. In this study the productions 
of L asparaginase from three species of Bacillus namely Bacillus subtilis (LC425423), Bacillus aerophilus 
(LC425427), Bacillus endophyticus (MG928501) and three strains of Pseudomonas aeruginosa (LC425424, 
LC425425, LC425426)  was compared. The enzyme activity of L asparaginases produced from Bacillus 
species were noted as 8.5, 14.3, 7.1 (U/ml). Whereas, the enzyme activity of L asparaginase produced 
from Pseudomonas aeruginosa strains (LC425424, LC425425, LC425426) was noted as, 8.2, 19.4, 19.1(U/
ml) respectively. In this study it was found that Pseudomonas aeruginosa strains yields was more in 
terms of protein concentration and enzyme activity when compared to Bacillus species. In addition 
this study also reports the use of modified Brain heart infusion media for screening and isolation 
of L asparaginase producing bacterial species. It was found that the number of colonies producing 
L asparaginase in modified Brain heart infusion media was comparatively same when compared to 
modified M9 media which is extensively used in screening of L asparaginase producers. A total of 159 
L asparaginase producers were screened by using two fold dilution technique on modified BHI media 
while modified M9 media screened 163 colonies producing L asparaginase.
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INTroDUCTIoN
 Acute Lymphoblastic Leukemia is a 
malignant disease that arises from several 
cooperative genetic mutations in a single B-or 
T-lymphoid progenitor, leading to altered blast 
cell proliferation, survival and maturation and 
eventually to the lethal accumulation of leukemic 
cells1. L asparaginase is a wonder drug that is being 
used extensively in treatment of ALL specially 
in pediatric cases with a cure rate of 90 %2. A 
number of microorganisms have been employed 
to produce L asparaginases on commercial scale, 
E.coli and Erwinia asparaginases are the  most 
important bacterial asparaginase  that  are 
used in ALL treatment3. In recent years search 
for bacterial asparaginases is more profoundly 
focused as E.coli asparaginases induce allergic 
reactions while Erwinia asparaginase is short lived3, 

4. L asparaginase during the treatment hydrolyze 
the freely available aspargine to aspartate and 
ammonia; depletion of surrounding aspargine 
results in scarcity of aspargine amino acid, 
which is an essential amino acid for cancer cells 
and cannot synthesize it; as they lack enzyme 
aspargine synthetase which synthesizes aspargine. 
Therefore leukemic cells cannot proliferate 
in absence of aspargine; thereby resulting in 
their death. Besides being used in treatment of 
ALL the enzyme L asparaginase is also used as 
acrylamide reducer from fried and baked foods5. 
Therefore owing to its therapeutic and industrial 
importance a number of microbial species such 
as bacteria, fungi, actinomycetes and yeasts have 
been searched and reported for cost effective 
production of L asparaginase. Since bacterial 
species grow rapidly and exhibit easy product 
recovery; thus have attracted researchers to 
search and report, novel bacterial species including 
both gram positive and gram negative that can 
produce L asparaginases with promising yields 
and high enzyme activity. The Gram positive 
bacterial species that were reported to produce L 
asparaginase are B.cereus, B.subtilis,  B.polymyxa, 
B. licheniformis, B. mesentricus, Coryne bacterium 
glutamicum etc. Nevertheless gram negative 
bacterial species such as P aeruginosa, P. stutzeri, 
E.coli, Erwinia aeroideae, Vibryo cholera etc 
have been reported to produce L asparaginase 
enzyme6. However a number of studies have 
appeared in the past decade pertaining to 

Pseudomonas aeruginosa and Bacillus species. 
Hence this study is an attempt to compare the 
production of L asparaginase from three strains 
P aeruginosa (LC425424, LC425425,LC425426)
and three species of Bacillus namely Bacillus 
subtilis(LC425423) , Bacillus aerophilus (LC425427) 
and Bacillus endophyticus (MG928501)  under 
similar fermentation conditions . Besides this the 
study is also an attempt to compare screening 
efficiencies of two screening mediums i.e modified 
M9  media (conventional media) and modified 
Brain heart infusion media  to isolate asparaginase 
producing bacteria. 

MATErIALS AND METHoDS
Collection of soil samples
 In the present study, in an order to isolate 
promising L-asparaginase producing bacterial 
species, number of soil samples were collected 
from places of Hyderabad especially from Gardens 
from the depth of 10 to 30cm, the samples were 
labeled.  These soil samples were then grinded to 
fine powder and then sieved to obtain even soil 
texture powder. All process was carried out in 
Microbiology research lab in Mumtaz PG College7.
Comparison of modified M9 and BHI media for 
screening of L asparaginase producing bacterial 
species
  One gram of fine powder of soil was 
weighed and suspended in 9ml physiological 
saline kept in a flask. It was then mixed in an 
orbital shaker set at 100rpm set at about 28°C 
± 2°C for one hour. After the given period, flask 
was allowed to settle the suspended matter. In 
a next step from the flask series of dilution was 
made by using physiological saline by taking one 
ml sample and transferring  to 9ml saline to give 
10-1 -10-10 dilutions. Further one ml of each dilution 
was plated on modified brain heart infusion agar 
(BHA) medium by spread plate technique. Here 
the 1 liter of BHA medium was previously modified 
by adding 6gms of KH2PO4, Asparagine -10gms, 
4ml of 1M MgSO4, 2ml 0.1MCaCl2, 0.4ml 0.009% 
phenol red indicator and finally pH was set in as 
7 with 1N Hcl. Whereas  the 1 liter of modified 
M9 media was prepared as Na2HPO4.2H20 (0.5g), 
KH2PO4 (0.75g), NaCl  (0.5g); L-asparagine (10gms),  
1M MgSO4.7H20- 2 ml; 0.1M CaCl2 2H20- 1 ml; 20% 
Glucose stock solution- 10 ml, Agar, phenol red 
indicator (2.5%): 0.04-0.36 ml, pH 7.0.  In a control 
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set, plates of BHA and M9 were made without dye 
and asparagine (Fig. 3). All the inoculated plates 
were allowed to get incubated at 37°C for 24 
hours7-9.
Screening of L-asparaginase producing bacteria
 Once the incubation period was over, 
plates from of BHA and M9 plates with separated 
colonies were selected. Further only those 
colonies exhibiting pink zone were considered 
as L-asparaginase positive colonies (Fig. 1 &2). 
This pink color zone formed around the colony 
indicates that the asparagine was hydrolyzed 
to yield aspartate and ammonia, the release of 
ammonia is detected by phenol red pH indicator. 
Phenol red at acidic pH converts to yellow and 
turns pink when experiences basic pH. Hence in 
the study isolates showcasing pink zone around 
isolates were considered as L-asparaginase 
producers. The isolated colonies with pink zone 
were sub-cultured followed by Gram staining and 
processed further to obtain pure culture8, 10.
Qualitative screening of l aspaginase producers
 Agar well diffusion assay (AWD) was 
used to select the promising producers of L 
asparaginase. In this method culture filtrate 
was screened for the L-asparaginase presence 
from the selected isolates. In this protocol, 50ml 
of asparagine tryptone glucose yeast extract 
broth medium was kept in a 250ml Erlenmeyer 
conical flask, sterilized, inoculated, and allowed 
to incubate at 37°C for 48hours in a rotatory 
incubating shaker at 150rpm. From this medium, 
50µl of culture broth was used as an inoculum in 
a well formed in a modified BHA medium having 
1% asparagine and 0.009% phenol red indicator. 
The well was punctured with 8mm area by using 
sterile cork borer. In case of control, wells without 
any culture broth was taken. All these plates were 
further incubated at 37°C for 24 hours. Upon 
incubation, appearance of pink zone around the 
well indicated positive test for L-asparaginase. 
Zone formed around the well was measured and 
recorded; the isolates show casing the biggest pink 
zones where selected for fermentation to produce 
L asparaginase5, 10, 11.
Enzyme production by submerged fermentation 
method
Inoculum preparation
 In an inoculum built up, loopful of culture 
of selected isolates from were first allowed to 

incubate in 50ml of inoculum media having 
composition Na2HPO4- 0.6gms; KH2PO4-0.3gms; 
NaCl- 0.5gms; glucose-1gms; 1M MgSO4- 2ml; 
0.1M CaCl2- 1ml in 1000ml volume. Here medium 
pH set at 7.2 and inoculated flasks were incubated 
at 37°C for 16-18 hours12.
Production of L-Asparaginase
 Inoculum of 2 ml volume was inoculated 
in 250 ml of Flasks containing 50 ml of production 
media. Here in a production media (50 ml) which 
is made up of tryptone glucose yeast extract 
broth along with 1 % asparagine at pH 8.0. 
These inoculated flasks were kept on shaking 
orbital incubator at 37°C at 150 rpm for 48 hours 
incubation along with the control set, where 
production media was kept un-inoculated11, 13.
 L -Asparaginase recovery: After incubation, 
all flasks were processed by configuring broth at 
10,000 rpm for 10 min at 4°C. The supernatant 
obtained after centrifugation assumes to contain 
L-asparaginase was used for purification by dialysis 
method14.
Partial purification of L asparaginase
Activation of nitro cellulose bag
 Partial purification of crude enzyme 
preparation of L-asparaginase was carried 
out by using dialysis technique; in which 8cm 
Nitro cellulose membrane was used. The crude 
supernatant was taken in graduated cylinder and 
salting out done with 70 % salt, cut-off was carried 
out for the extract under ice cold conditions with 
continuous stirring. Finally 10 ml of protein extract 
was added up with 7g of ammonium sulphate in 
a pinch to pinch addition and continuous stirring 
where whole preparation carried out on a cool 
pack and incubated at 4°C overnight. After 12 hour 
incubation, precipitated protein was centrifuged 
at 10,000 rpm for 10 minutes at 4°C. The pellet 
obtained was dissolved in 10 ml of 10mM tris HCl 
buffer which was later on subjected to dialysis15.
Dialysis
 Dialysis bag of 8cm was activated by 
boiling in 100ml of distilled water for next 10 
minutes so that pores of dialysis membrane gets 
opened up. It was then boiled in 100ml of 2% 
sodium carbonate solution for about 10 minutes 
which ensured removal of glycerol coated in the 
dialysis membrane. The bag was again kept on 
boiling in 100ml of distilled water which ensured 
residual sodium bicarbonate removal. In the 
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next step, the protein dissolved in Tris HCl was 
centrifuged at 10000 rpm for 10 mins and pellet 
was collected. Now the mouth of the dialysis 
bag was gently rubbed to open it. One end of 
the dialysis membrane was tied with thread and 
the sample was placed inside the dialysis bag. 
After addition of sample, the other end of the 
membrane was tied with thread tightly.  The 
dialysis bag was then suspended in a beaker 
containing distilled water. This setup was kept 
in refrigerator overnight. After that the protein 
present in the bag was dissolved in 10ml Tris HCl. 
After the overnight the protein present in bag was 
dissolved in 10ml Tris HCL15, 16.
 Quantification of dialyzed protein: by 
using Lowry’s method amount of protein content 
present in crude preparation and dialyzed 
supernatant was determined17.
Enzyme activity
 In a first step, 0.5 ml of partially purified 
enzyme was taken, to which 1 ml of potassium 
phosphate buffer (0.02 M and pH 8.6) and 0.5 ml 
of 50mM aspargine was mixed well and incubated 
at 37°C in a water bath for 15 Minutes. After 
incubation, 1 ml of 1.5 M trichloroacetic acid was 
added to the mixture to stop the reaction. Then 
whole mixture was centrifuged at 12000 rpm for 
10 minutes and the supernatant was collected. In a 
next step, this supernatant was used to determine 
the ammonia which is liberated due to enzyme 
action when investigated by Nesslerization8, 18.
 Direct Nesslerization: To determine 
ammonia for each sample, the 0.5 ml of supernatant 
sample was mixed in 4 ml distilled water and then 
0.5ml of Nessler’s reagent Mixture was shaken 
well and then incubated at 37°C for 15 minutes. 
The absorbance was measured at wavelength 
(450 nm). In a blank set, 4.5 ml distilled water 

was added with 0.5 ml Nessler’s reagent. A stock 
solution of ammonium sulphate was prepared by 
adding 2.5 mg of ammonium sulphate in 25 ml 
distilled water to make a final concentration as 100 
µg/ml. Graduated concentrations of ammonium 
sulphate was prepared by graduating  volumes 
of stock solution to suitable volume of distilled 
water by which final volume comes to 8 ml. After 
that, samples were measured for absorbance at 
450 nm and relation between concentration and 
absorbance was plotted8.
Bacterial species Identification
 The isolates that produced maximum 
enzyme activity and protein concentration 
where identified by using 16S rRNA technique; 
targeting 1500 bps of 16S rRNA genes located 
on the bacterial genome. The resultant 16s rRNA 
gene sequences was searched against nucleotide 
database by using BLAST program and top five 
sequence homologs were retrieved from BLAST 
result to perform multiple sequence alignment via 
Muscle software. The resulting aligned sequences 
were cured using program Gblocks 0.9lb. This 
Gblocks obviates low quality aligned positions and 
divergent regions. Finally by using phylogenetic 
programs (PhyML 3.0) a LRT phylogram was 
created19, 20. Lastly sequences obtained where also 
registered in DDBJ and NCBI to receive accession 
numbers for the isolated strains.

rESULTS AND DISCUSSIoN
 On Comparison of modified M9 and 
BHI media; the number of bacterial colonies 
producing L asparaginase on modified BHI and 
M9 mediums for each dilution is presented in 
table 1.  A total of 159 L asparaginase producers 
were on modified BHI media while modified 
M9 media screened 163 colonies producing L 

Table 1. Number of colonies producing L asparaginase enzyme in modified BHI and M9 media

S. Dilution  Number of L asparaginase  Number of L asparaginase 
No. factor producing colonies on  producing colonies on 
  modified BHI media modified M9 media

1. 10-5 61 75
2. 10-6 20 35
3. 10-7 19 26
4. 10-8 24 12
5. 10-9 18 08
6. 10-10 17 07
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Fig. 1 & 2. Colonies producing pink zone (L asparaginase producers) on modified BHI infusion media

Table 2. Enzyme activity of the isolates producing L asparaginase (IU/ml)

S. Sample  Name of Bacterial  Accession  Enzyme activity
No. ID species   numbers (units/ml)

1. G10 B. subtilis LC425423 8.5
2. C4 B .aerophilus LC425427 14.3
3. G1 B. endophyticus MG928501 7.1
4. 31 Pseudomonas aeruginosa LC425424 8.2
5. 32 Pseudomonas aeruginosa LC425425 19.4
6. 34 Pseudomonas aeruginosa LC425426 19.1

asparaginase. The enzyme activity and protein 
concentration of L asparaginase showcased by 
Bacillus species and Pseudomonas aeruginosa 
is tabulated in Table 2 &3. The enzyme activity 
for three strains of Pseudomonas aeruginosa 
was recorded as 8.2,19.4 and 19.1 (IU/ml) with a 
protein concentration of 425, 625 and 800 (µg/ml) 
.On the  other hand the three species of Bacillus 
showed 8.5,14.3,and 7.1IU of enzyme activity; 
while  the protein concentration of the enzyme 
produced from Bacillus species was estimated to 
be 550, 525 and 550 (µg/ml). The gram positive 
cultures expressing promising yields and enzyme 
activity were identified as Bacillus subtilis , Bacillus 
aerophilus  (LC425427) and B.endophyticus  
(MG928501). While the three gram negative 
cultures obtained were identified as Pseudomonas 
aeruginosa (LC425424, LC425425& LC425426). 
The phylograms obtained after 16s rRNA typing 
are presented in Figs. 4-9.
 L- asparaginase remains pharmaceutically 
and industrially essential enzyme for cancer 
treatment and in food industry5. Continuous 
search of industrially important bacterial species 
is required to overcome the drawbacks of allergies 
and expensive production, therefore promising 
screening media’s are necessary to search for novel 

microorganisms producing L asparaginase enzyme. 
Modified M9 media is routinely used in screening 
and isolation of L asparaginase producers; For 
instance, 211 bacterial species isolated from 
aquatic and  terrestrial areas was reported to be 
positive for qualitative assay when studied on 
modified M9-medium for the isolates  from the 
region of Thane district, Maharashtra, India by 
Talluri  et al. (2013)21. In the current study modified 
BHI media was used to isolate L-asparaginase 
producer’s; these isolates successfully yielded 
aspartate and ammonia from aspargine. The 
release of ammonia was detected by pH indicator 
in the BHI media as a pink zone around the 
colonies. In similar studies, BHI media was also 
successfully used to isolate Chrseobacterium 
formosense sp. nov. from the rhizosphere of 
Lactuca sativa L while Dietzia natronolimnaios 
sp. nov was also isolated on BHI medium when 
isolated from East African Soda lake22, 23. All these 
isolates can produce L- asparaginase successfully. 
In this study modified BHI media was successful 
in isolating 159 colonies producing L asparaginase 
while 163 colonies of L asparaginase producers 
were screened on modified M9 media.
 In the present study the cultures isolated 
producing L asparaginase enzyme were both 
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Fig. 3. Control plates of Brain heart infusion media 
without aspargine and phenol red indicator

Fig. 4. Phylogram of Bacillus subtilis LC425423  (G10)

Table 3. Protein concentration of L asparaginase produced from Bacillus species and Pseudomonas aeruginosa

S. Name of Bacterial  Accession  Protein concentration 
No. species   numbers of enzyme (µg/ml)

1. B. subtilis LC425423 550
2. B .aerophilus LC425427 525
3. B. endophyticus MG928501 550
4. Pseudomonas aeruginosa LC425424 425
5. Pseudomonas aeruginosa LC425425 625
6. Pseudomonas aeruginosa LC425426 800

gram positive and gram negative organisms.  The 
gram positive cultures producing L asparaginase 
with good enzyme activity were identified as B. 
subtilis (LC425423), B. aerophilus (LC425427), 

B. endophyticus (MG928501) respectively; 
demonstrating the enzyme activity of 8.5, 14.3 
& 7.1 (IU/ml).Whereas the gram negative bacilli 
were identified as Pseudomonas aeruginosa; the 
accession numbers allotted for the strains were 
LC425424, LC425425,LC425426 respectively, the 
enzyme activity recorded in our study for the 
three strains of Pseudomonas aeruginosa was 
8.2, 19.4 and 19.1(Unit/ml). In the present study 
it was noted that in comparison with Bacillus 
species Pseudomonas aeruginosa showed not 
only high enzyme activity but also high  protein 
concentrations i.e 425, 625, 800 (µg/ml) while the 
three Bacillus species produced 550,525,550(µg/
ml) of protein concentration. Previous studies 
on Bacillus and Pseudomonas aeruginosa also 
indicates that the asparaginase produced from 
Pseudomonas aeruginosa showed high enzyme 
activity than Bacillus species for example in a study 
reported by Vidya moorthy et al. (2010),  Bacillus 
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Fig. 5. Phylogram of Bacillus aerophilus LC425427 (C4)

Fig. 6. Phylogram of  B.endophyticus MG928501 (G1)

species DKMBT10 was reported to produce 
maximum yields of asparaginase (2.6mg/l) in 
presence of glucose and maltose. The activity 
of purified enzyme recorded in this study was 
1.12 & 1.05 (units/mg)9. Similarly in a study by 
Biswa Prakash et al. (2013). demonstrated the 
production of L asparaginase enzyme (23.8 IU/
mL ) from Bacillus subtilis hswx88 isolated from 
hotsprings24. In another study B. licheniformis   
(RAM-8) was used to optimize the L asparaginase 
production in which the maximum production was  
32.26 IU/ml25. Similarly a recent study by Pallavi et 
al. (2015), have tested the effects of  parameters  
like carbon nitrogen, pH and temperature  on  
mangrove isolate of Bacillus subtilis  –AVP 18; 
In this study the maximum yield of the enzyme 
was noted in presence of dextrose (177.45U/ml), 
tryptone (84.1 IU/ml), pH 7 & 9 (25.36 IU/ml) and 
temperature at 37 °C (24.26 IU/ml),This study 
also showed that after 72 hrs of incubation at 37 
°C the enzyme produced was (1.69 IU/ml)13. In 
our study the isolated Bacillus subtilis (LC425427) 
produced activity of 8.5 IU/ml, B. aerophilus 
(LC425427) showed 14.3 (IU/ml), B. endophyticus 

(MG928501) showed 7.1 IU/ml of enzyme at 37 
°C after incubation of 48hrs. Therefore the lower 
yields of enzyme produced from Bacillus species 
is in correlation with the enzyme yields reported 
by other studies on Bacillus species. On the other 
hand the three strains of Pseudomonas aeruginosa 
showed an activity of 8.2, 19.4 and 19.1(Units/
ml). Likewise a number of studies have reported 
L asparaginase production from Pseudomonas 
aeruginosa for example in a study by Ashraf A et 
al. (2004), reported that Pseudomonas aeruginosa 
50071 was used to produce L asparaginase through 
solid state fermentation; the enzyme produced 
showed a specific activity of 1900IU/mg16. While 
a similar study on production optimization in 
which Pseudomonas aeruginosa 50071 was used 
for enzyme production in this study the highest 
enzyme activity of (142.8 IU) was noted when the 
media was enriched by adding corn steep liquor 
(3.68%), casein hydrolysate (3.11%) at pH 7.926. 
The enzyme activity in our study is in similar range  
to a recent study in which  the enzyme activity 
of  asparaginase produced from  seven strains of 
Pseudomonas alcaligenes strains isolated from hot 
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Fig. 7. Phylogram of Pseudomonas aeruginosa LC425424 (31)

Fig. 8. Phylogram of Pseudomonas aeruginosa LC425425 (32)

springs is  ranging from 20 -240units/ml8. None 
the less most of the studies have shown optimized 
production of L asparaginase by using activators, 
enriched ingredients in media, altering parameters 
like pH, temperature, fermentation methods 
etc. Therefore if the isolate is gram positive or 
gram negative the production can be optimized 
by altering the production parameters; however 
type –II asparaginase produced in periplasmic 
space is of therapeutic importance27. Therefore 
larger periplasmic space in gram negative bacterial 
species could be a possible reason for higher 

yields and activity of L asparaginase enzyme as 
shown in present and previous studies28. In our 
study all the three gram positive cultures of B. 
subtilis (LC425423), B. aerophilus (LC425427), B. 
endophyticus (MG928501) showed less enzyme 
activity than three strains of Pseudomonas 
aeruginosa under same fermentation conditions; 
here with all the cultures in the study was obtained 
from soil. Although the enzyme produced in our 
study showed less activity in comparison with 
other studies, but the enzyme activity can further 
be increased by incorporating glucose and metal 
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ions like Cobalt and thiol protecting reagents8, 29-

31. In addition the enzyme was produced and its 
activity was studied at pH 8; which indicates that 
the produced enzyme can be used anticancerous 
therapies; as  enzyme activity below pH 8 is 
considered to be therapeutically not effective 
in tumor patients6. Additionally this study have 
also reported two new Bacillus species producing 
L asparaginase i.e B. aerophilus (LC425427), B. 
endophyticus (MG928501).
 
CoNCLUSIoN
 This study demonstrates that Gram 
negative species like Pseudomonas aeruginosa 
appears to produce good enzyme yield and activity 
than gram positive Bacillus species under same 
fermentation conditions .This could be attributed 
to large periplasmic space in gram negative 
organisms; however further studies are required 
inorder to support the finding. Furthermore 
modified Brain heart infusion media could also 
provide an alternate screening media besides 
modified M9 media for isolation of L asparaginase 
producer.
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