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ABSTRACT

L-asparaginase is one of the most demanding enzyme for various significant role like anti- tumour
activity and useful in acute lymphoblastic leukaemia, lymph sarcoma and an application in the food
industries. It is an enzyme that reduces the activity of Asparagine because it is the nutritional requirement
for both tumour and normal cell. It is characterized on the basis of enzyme assay principle hydrolysing L-
asparagine into L-aspartic acid and ammonia. High yields of L-asparaginase enzyme and its optimization
process is always targeted by bacterial sources, in current study L-asparginase producing bacteria were
isolated and characterized, soil samples were collected from the coal slurry of coal field, Dhanbad,
Jharkhand. For the isolation of L-asparaginase, the soil sample was inoculated in enrichment media and
incubated for 24 hours .After spreading of the sample the colonies were picked randomly and streaked on
agar slants and incubated for 24 hours. Qualitative screenings of eight isolates for L-asparaginase production
were done on Bromothymol blue plates. At first the eight isolates, were point inoculated on Bromothymol
blue plates and three producers were selected and one of the isolates was characterized and optimization
parameters were analyzed.
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INTRODUCTION

Bacterial type L-asparaginases are classified into subtypes | and I, which are defined by their
intra- or extracellular localization [3]. Type | (Cytosolic) has a lower affinity for L- asparagine and type |l
(Periplasmic) has a high affinity for L-asparagine. Plant type L- asparaginases differ structurally and have a
different evolutionary origin than bacterial type L-asparaginase [3]. The enzyme L-asparaginase is an anti-
tumour agent for the treatment of acute lymphoblastic leukaemia and also lymph sarcoma [1, 15]. It's
characterized on the basis of enzyme assay principle hydrolysing L-asparagine into L-aspartic acid and
ammonia [2]. L-asparagine is a majorly required by the cells for the production of protein. It can be
produced within the cell by an enzyme called asparagines synthetase or can be absorbed from outside. For
the growth of tumor cells L-asparagine is an essential amino acid [5, 8]. The growth of tumor is inhibited
by L-asparaginase by degrading the asparagines present in tumour cell [10]. The activity of enzyme at
the alkaline pH range at 37°C make it extremely valuable in the chemotherapeutic treatment of leukaemia
[7]. L- Asparaginase has given complete remission in some human leukaemia. It can be used in food
industries as a food processing aid to reduce the formation of acrylamide in starchy food products when
they are baked or fried [13]. L-asparagine is converted into another common amino acid, aspartic acid, and
ammonium by adding asparaginase before frying the food as a result formation of acrylamide is
significantly reduced [5].

MATERIAL AND METHODS
Sample collection

Soil samples were collected in a sterilized polythene bag from the coal slurry. L-asparginase

producing bacteria were isolated from coal slurry near coal mines and coal industry of Dhanbad,
Jharkhand containing waste from the coal processing industries, coal washrey, oil refinery industries and
grease.

Isolation of microorganisms producing L-asparaginase

Isolation procedure: To isolate bacteria producing L-asparaginase from the soil sample the following
procedure was followed:

Direct plating method: Different samples were directly plated onto nutrient agar plates, after serially
diluting samples in autoclaved distilled water using dilution plate method. Then inoculated samples were
kept at 37°C for 24 hours in bacteriological incubator. The composition of Nutrient agar medium (pH -7.2 £
0.2) Peptone 5.0g/L Beef extract 3.0g/L NaCl 8.0g/L Agar-Agar 20g/L.

Preparation of the medium: All the above composition were poured in 1000ml of distilled water and the
pH was adjusted to 7.0 using 1IN HCL or 1N NaOH. The medium was autoclaved for 15 minutes at
15 psi. This sterilized medium was poured into Petri dishes to make nutrient agar plates or in test tube for
slant.

Culture enrichment technique
Composition of enrichment media: Peptone 5g/L, Beef extract 5g/L, Glucose 12g/L, KHEP 3g/L,

KHE PD4 1g/L. The above ingredients were poured in 200 ml of distilled water and the pH was adjusted
at 7.0. Then the media was divided into 50 ml each in 4 flasks. The media was autoclaved at 15 psi at
121 C. Then isolation of L-asparaginase producers was carried out by inoculating 1 gm of soil sample in
50 ml of media flask. Flask was then kept for an incubation period of 24 hours at 37°C and 200 rpm in
the incubator shaker, to allow micro- organisms present in the soil to grow into vegetative form. [9]

-3 -8
After 24 hours, the sample was diluted by serial dilution from 10 to 10 and each

dilution was inoculated on agar plates using spreading technique to isolate colonies and incubated at
37°C for 24 hours in BOD incubator. Eight colonies from spreading plates were picked randomly and
streaked on agar slants and incubated in BOD incubator at 37°C for 24 hours.
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Production medium for the L-asparaginase producing microorganisms:-
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The 5 different medium for L-asparaginase producers were prepared and then media were
inoculated with the loop full of cultures and incubated at 37°C at 200 rom and the growth in all medium
were checked by taking ODs at 24 hours and 48 hours to find out the best production media for the
producers of L-asparaginase [11][13].

The composition of 5 different medium is given below:

Ingredients g/l Ingredients g/l Ingredients g/ Ingredients g/l Ingredients g/l

NapHPO4.2H20 6 KH2PO4 2 Ko2HPOg 1 NaNO3 40 Glucose 2
KH2PO4 3 MgS0O4.7H20 1 Glucose 1 KCl 10 KH2PO4 1.52
NacCl 0.5 CaClp 2H20 1 Yeast extract 5 MgS04.7H20 | 0.52 KClI 0.52

L-asparagine 5 L-asparagine 6 Tryptone 5 FeS0O4.7H20 0.2 L-asparagine 10
MgS04.7H20(1M) 2 ml/l Glucose 3 K2HPO4 20 MgS04.7H20 0.52
CaCl2.2H20(0.1M) 1 ml/l ZnS04.7H20 1 Cu(NO3)2.3H20 Trace
Glycerol (20%) 10 ml/I CuS04.7H20 0.5 FeS04.7H20 Trace
Glucose 30 ZnS04.7H20 Trace

Identification of the isolated bacterial cultures
Biochemical and morphological characterization of isolated bacterial cultures were

performed on the basis of their growth characteristics on different differential media and by performing
staining techniques like Gram and negative staining.

Qualitative screening of L-asparaginase producing microorganisms

Qualitative screening of eight isolates for L-asparaginase production was done on Bromothymol blue
plates. At first the eight isolates, were point inoculated on Bromothymol blue plates and three producers were
selected, as in these three zone of hydrolysis was observed [12].

L-asparaginase enzyme characterization

Purified form of L-asparaginase provided by laboratory stock culture collection was evaluated
and compared for different properties.

Formulae's for calculation of Enzyme activity of L-asparaginase

umoles = (

0.0.— D.DME)
of Ammonia released

0.0947

Where 0.D. = Optical Density
0.0.=0P7-0P¢c  where 0P 1= 0D of Test

ODC = 0D of Control

pmolez of Ammonia releazed x 2)

0.2 =timex 0.1

Enzyme Activity = ( Dilution Factor

Where 2.0 = Total enzyme reaction

0.2 = Enzyme reaction evaluate
0.1 = Enzyme volume taken

Effect of temperature on L-asparaginase activity: Temperature tolerance of L-asparaginase was
studied by incubating L-asparaginase sample with L-asparaginase at different temperatures 10°C, 25°C,
30°C, 37°C and 45°C.The optimum temperature of L- asparaginase activity was found to be 37°C. It is
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active at a wide range of temperature condition from 37°C to 45°C. It shows an increase in enzyme

activity from 10°C to 37°C and gradually decline at 45 C. [4]

Effect of pH on L-asparaginase activity: L-asparaginase enzyme pH tolerance at different pH was studied by
incubating the L- asparaginase sample with L-asparagine in buffers of different pH (4-10) [14].

RESULTS AND DISCUSSION
Screening of L-asparaginase producing microorganisms
Screening is done by following method:

1. Qualitative screening
2. Quantitative screening

Qualitative screening of L-asparaginase producing microorganisms
Qualitative screening of eight isolates for L-asparaginase production was done on Bromothymol blue
plates. At first the eight isolates, were point inoculated on Bromothymol blue plates and three producers were

selected.

Screening on Bromothymol blue plates after 24 hours of incubation:-

Figure 1: L-asparginase production is seenin 1,3 and 5 Control

Screening on Bromothymol blue plates after 24 hours of incubation

Table 1: Isolates vs asparginase production

Isolate number L- asparaginase production
1 +++
2 I
3 +++
4 -
5 +++
6 -
7 -
8 I
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Biochemical characterization

Table 2: Biochemical characterization

Biochemical tests Strain 1 Strain 2 Strain 3 Strain 4 Strain 5
Gram staining +ve +ve +ve -ve -ve
Catalase +ve +ve +ve +ve +ve
Oxidase +ve +ve +ve +ve +ve
Xylose +ve +ve -ve -ve -ve
Glucose +ve +ve +ve -ve +ve
Maltose +ve +ve +ve -ve -ve
Fructose +ve +ve +ve -ve +ve
Mannitol +ve +ve +ve -ve -ve
Sucrose +ve +ve +ve -ve +ve

The best producer of L-asparaginase was selected out of 5 strains i.e., isolate no. 5 and quad streaked
on agar plates.

Figure 4: Streaking of sample 5
Staining of isolated sample no. 5

Figure 5: Sample 5 Gram staining Figure 6: Sample 5 Negative staining

Colony morphology of isolate no.5:-

Table 3: Colony morphology

Characteristics Isolate no.5
Form Circular
Size Large
Texture Dry
Colour Colourless
Opaqueness Opaque
Elevation Umbonate
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Quantitative screening
Growth curve of L-asparaginase producing microorganisms

Growth curve shows the growth pattern of microorganisms including all the phases i.e., lag phase,
exponential or log phase, stationary phase and decline/death phase. The sample was inoculated in the
nutrient broth and the samples were withdrawn after every 2 hours of incubation at 37°C 200 rpm.
The results obtained after sample withdrawal are presented in the following table:

Growth curve of L-asparaginase producing microorganisms:-

Table 4: OD at different time (hours)

Time oD
0 0.11
2 0.31
4 0.49
6 1.91
8 2.54
16 2.69
18 2.64
20 2.32
22 1.8
24 1.31

GROWTH PATTERN
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Graph 1: It is revealed by the above graph that maximum growth of the culture of isolate no. 5 is seen at 16" hour.
The observations made for different production medium for isolate no. 5 are as follows:

Production medium for isolate no. 5:-
Table 5: Production medium

Production media Enzyme Activity (24 Enzyme Activity (40 Enzyme Activity (48
hours) hours) hours)
M-1 8.13 19.1 37.53
M-2 7.43 7.9 9.67
M-3 5.3 4.7 7.33
M-4 6.15 2.36 2.1
M-5 20.07 27.1 23.33
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Graph 2: Production medium of isolate no. 5

The enzyme activity was calculated for different for isolate no. 5 for 24, 40 and 48 hours. The best
optimum production medium for isolate no. 5 was found to be Media 5.

Effect of Physical parameters on L-asparaginase activity
Effect of temperature

Temperature tolerance of L-asparaginase was studied by incubating L-asparaginase
producing sample at different temperatures 10°C, 25°C, 30°C, 37°C and 45°C.

Effect of pH on L-asparaginase activity

L-asparaginase enzyme pH tolerance at different pH was studied by incubating the L-
asparaginase sample with L-asparagine in buffers of different pH (4-10).

Table6:-aand b

Effect of temperature on L-asparaginase activity Effect of pH on L-asparaginase activity
Temperature Enzyme Activity (IU/ml) pH Enzyme Activity ( 1U/ml)
0 15.2 4 20.08
5 30.93 5 324
30 37.4 6 56.7
37 43.6 7 86.8
45 30.4 8 112.6
9 131.08
10 106.4

Effect of Temperatureon L -
Asparaginase activity
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Graph 3: Effect of temperature on Enzyme activity
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The optimum temperature of L-asparaginase activity was found to be 37 °C. It is active at a wide
range of temperature condition from 10 °C to 45 °C. It shows an increase in enzyme activity from 10 °C to
37 °C and gradually decline at 45 °C.

Effect of pH on L-asparaginase
activity

™ Enzyme Activity (U /mi}

Enzyme activity(U/ml)

Graph 4: Effect of pH on L-asparaginase activity

It is evident from the results presented in the table and graph that L-asparaginase was active over
broad range of pH (4-10) with an optimum pH 7. The relative activity gradually showed an increase from pH 4
till pH 9 which is found to be optimum and then it decline at pH 10.

CONCLUSION

The isolated colonies obtained after spreading on the nutrient agar plates, were selected and their
morphological characteristics were studied. The colonies were streaked on nutrient agar plates using
quadrant streaking method. The streaked colonies were point inoculated on modified medium
supplemented with Bromothymol Blue or Phenol red. The change in colour of the medium due to ammonia
accumulation indicates L-asparaginase production. Process optimization by one variable at a time approach

was followed. According to the results obtained the optimum pH was 9.0 optimum temperatures was 37°C
with 200 RPM agitation.

L-asparaginase is one of the important anti-tumour enzymes, further a detailed biochemical,
molecular characterization and industrial production can be done for specific isolate and new resources can
be targeted for enzyme production.
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