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ABSTRACT

This study reports the cytotoxic potential of L-Asparaginase isolated from Bacillus sp. Bacillus sp. was isolated from local soil/water samples and identified by rapid
plate assay and further confirmed by phenotypic characterization. Extracellular L- Asparaginase was isolated from broth culture of Bacillus sp. and purified by
ammonium sulfate precipitation, followed by dialysis and ion exchange and gel filtration chromatography techniques. The purified enzyme was used to study the in
vitro cytotoxic potential. Varying concentrations (31.25, 62.5, 125, 250, 500 pg/mL) of purified L-Asparaginase was tested on MCF7, HelLa, HepG2 and 3T3L1cell
lines by MTT assay. Curcumin was maintained as a positive control. The results revealed that the enzyme showed a significant cytotoxic activity and a dose dependent
effect. The minimum inhibitions exhibited at a concentration of 32.25 pg/mL was 19.44% (MCF-7), 10.04% (HeLa), 7.45% (HepG2) and 4.4% (3T3L1) , while the
maximum inhibition at a concentration of 500 pg/mL was 71.14% (MCF-7), 68.92% (HeLa), 68.28% (HepG2) and 47.4% (3T3L1). The positive control, curcumin (5
M) showed an inhibition of 48.13% (MCF-7), 54.42 (HelLa), 64.94% (HepG2) and 44.5% (3T3L1).
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INTRODUCTION

L-asparaginase (L-asparagine amidohydrolase EC 3.5.1.1) is a hydrolase that
plays a major role in the metabolism of all living organisms specifically
catalyzing the hydrolysis of L-asparagine to L-aspartic acid and ammonia
(Lincoln and More, 2014). The reaction is irreversible when maintained at
physiological conditions. The enzyme is found widespread in nature and has
been isolated from various sources such as plant tissues, bacteria, fungi and the
serum of rodents (Batool et al., 2016). L-asparaginases havebeen isolated and
purified from several different bacteria such as E. coli (Roberts et al., 1966),
Serratia marcescens (Whelan and Wriston, 1974), Vibrio succinogens (Saxena
and Sinha, 1981), Pseudomonas acidovorans (Davidson et al., 1977)
Pseudomonas geniculata (Kitto et al., 1979), Corynebacterium glutamicum
(Mesas et al., 1990), Pseudomonas stutzeri MB-405 (Manna et al., 1995), and
Pseudomonas aeruginosa (El-bessoumy et al., 2004).

The enzyme is proven to have cytotoxic activity and is being used in the
treatment of acute lymphoblastic leukemia. This is due to the fact that the
leukemic cells do not have the property to produce L-asparagine, which is a non-
essential amino acid, whereas the normal cells can produce their own. Therefore,
the leukemic cells are deprived of L-asparagine which is their source of nutrition
and they are prevented from malignant growth (EI-Naggar et al., 2018).
ELSPAR, ONCASPAR, ERWINASE and KIDROLASE are some of the brands
of L-Asparaginase approved by FDA for the treatment of acute lymphoblastic
leukemia and lymphosarcoma (Noura EI-Ahmady et al., 2014)

With reports suggesting difficulties in the bulk preparation of L-asparaginase
from pig serum, focus has been shifted to alternate sources where sufficient
amount of enzyme can be extracted (Verma et al., 2007). The objective of our
research was to screen local soil and water isolates for L Asparaginase producers,
purify and study the cytotoxic potential of the L-Asparaginase isolated.

MATERIAL AND METHODS
Screening and isolation of L-Asparaginase producing organisms

The screening and isolation of L-Asparaginase producing organisms was carried
out as described earlier (Gulati et al., 1997); (D’Souza et al., 2018) with some
modifications. The media employed was modified M-9 media. The organism
giving maximum vyield of L-Asparaginase was identified by enzyme assay
(Imada et al., 1973).

Identification of the L-Asparaginase producing bacterial isolate

All the isolates positive for L-Asparaginase in the screening were subjected to
primary identification according to Bergey’s Manual of Systematic Bacteriology
(Sneath et al., 1986)

The isolate giving maximum enzyme activity B10C, (B represents Bandhar
sample, 10"~ represents the dilution and C,- represents the colony number was
sent for phenotypic characterization to Microbial Type Culture Collection,
IMTECH, Chandigarh, India.

Scale up of the Bacillus sp. by suspension culture

Bacillus sp. positive for L-asparaginase by plate assay technique (Gulati et al.,
1997) and maintained on M-9 agar slant pH 7 at 4°C, revived at regular intervals,
was used for L-asparaginase production from bacteria. The bacterial isolate was
transferred to a freshly prepared M-9 agar plate with a sterile loop and incubated
at 37°C for 24 hours. A loop full of culture was aseptically inoculated to 50 mL
of M-9 broth in a 100 mL Erlenmeyer flask and incubated at 37°C in an incubator
for 24 hours. This was used as a starter culture for large scale production of the
enzyme. M-9 media (1 litre) was taken in a 2000 mL conical flask and 100 mL of
24 hours old inoculum was inoculated into the media and left in static
conditions in the incubator at 37°C for 3 days.

Purification of L-Asparaginase

The purification of the crude extract was carried out at 4°C according to the
method of (Distasio et al., 1976). Finely powdered ammonium sulfate was added
to 70% saturation. The mixture was left overnight for 12 hours at 4°C, followed
by centrifugation at 8000 rpm for 20 min at 4°C. The precipitate was dissolved in
0.05M Tris HCI buffer pH 8.5, and dialyzed overnight against the same buffer at
4°C. The dialyzed sample was further purified by passing through a column of
DEAE cellulose previously equilibrated with 0.05M Tris HCI buffer, pH 8.5. A
total of 55 fractions were collected at the flow rate of 3 mL/15min. Fractions
showing high activity were pooled together and dialysed against the same buffer.
The dialysed sample was lyophilized and concentrated. Lyophilized sample (1
mL )was loaded on to the Sephacryl S-200 gel filtration column and was eluted
by using the Tris HCI buffer pH 8.5. A total of 45 fractions were collected at the
rate of 3mL/15min.Fractions showing high activity were pooled together
dialyzed, lyophilized and used for further studies.

Evaluation of Cytotoxic potential of L-Asparaginase

The cytotoxic potential of L-Asparaginase was carried out according to the
procedure described by (Mosmann, 1983) . Human Cervical Cancer cell line,
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Human Breast Cancer Cell line, Human Liver Cancer Cell line and Mouse Table 2 Effect of temperature on the growth of the isolate
Embryo Fibroblast Cell lines were obtained from NCCS, Pune. The cells were Temperature Growth
maintained in DMEM medium supplemented with 10% FBS and Penicillin 10°C -
(100U/ mL) in a humidified atmosphere of 50ug/ mL CO, at 37°C. The 15°C -
cytotoxicity of the sample on the cell lines was determined by MTT assay. Cell 25°C +
suspension (200pL) was seeded in a 96 well plates at required cell density 30 °C +
(20,000 cells per well), without the test agent. The cells were allowed to grow for 37°C +
about 24 hours. The various concentrations of the sample (31.25, 62.5, 125, 250, 42°C +
500 pg/mL) were added. The plates were incubated at 37°C for 48 hours in a 5% 50 °C +
CO, atmosphere. 55 °C -
After the incubation period, the spent media was removed and MTT reagent was “+¢ indicates presence of growth;*-* indicates absence of growth
added to a final concentration of 0.5 mg/mL of the total volume. The plates were
returned to the incubator and incubated for 3 hours. The MTT was removed and Table 3 Effect of pH on the growth of the isolate
100 ul of solubilisation solution (DMSO) was added. The absorbance was read pH Growth of the isolate
on an ELISA reader (ELX800, bioteck) at 570 nm and 630 nm was used as pH 4 -
reference wavelength. The ICs, value was determined graphically. All pH5 +
experiments were performed in triplicates. pH 6 +

pH 7 +
RESULTS AND DISCUSSION pH 8 +

. . . . . . pH9 +

Screening and isolation of L-Asparaginase producing organisms “+ indicates presence of growth;*-* indicates absence of growth
Strains with pink colour zones around the colonies were considered as positive Table 4 Growth of the isolate at different NaCl (%) concentration
result for L-asparaginase producing strains

Concentration of NaCl (%) Growth of the isolate

2.0 +

3.0 +

4.0 +

5.0 +

6.0 +

7.0 +

8.0 +

9.0 +

‘+¢ indicates presence of growth;‘-* indicates absence of growth

Table 5 Biochemical tests of the isolate

Ya) — - Biochemical tests

Figure 1 Bacillus sp. Colonies showing pink zone on M-9 media supplemented Growth on Mac Conkey agar medium -
with 0.09% phenol red. Indole test -

Methyl red test +
The morphological and cultural characteristics of the isolate B10'C, ( B Voges Proskauer test -
represents Bandhar sample , 10"~ represents the dilution and C- represents the Citrate test +
colony number) are appended herewith. The colonies of isolate were circular, Casein test +
with entire margin, flat elevation and smooth surface. The isolate was found to Starch hydrolysis -
be gram positive bacilli. It was motile, sporulating bacteria (Table 1). It was Gelatin hydrolysis -
exposed to different temperatures 10-55°C (Table 2), pH range 4-9 (Table 3) Nitrate reduction -
and varying concentrations of sodium chloride 2-9% (Table 4), biochemical tests catalase +
(Table 5) and acid production from various carbohydrates (Table 6). It exhibited oxidase +
growth at pH range of 5-9 and tolerated sodium chloride concentrations of 2-9%, Esculine hydrolysis +
respectively. Phenotypic characterization of the isolate B10?C, identified it as H2S gas production -
Bacillus sp. Urease test -

‘+¢ indicates positive result for the test;‘-* indicates negative result for the test
Table 1 Colony Morphology of the isolate

Colony Morphology Table 6 Acid production from various carbohydrates by the isolate

Character Observed feature Acid production from carbohydrates
Configuration Circular Glucose +
Margin Entire Fructose +
Elevation Flat Salicin +
Surface Smooth Mannitol +
Density opaque Raffinose -
Gram reaction +ve Rods Sucrose +
Spore + Rhamnose

position Central Galactose -
Shape Oval Inositol -
Motility positive Xylose -

‘+¢ indicates production of acid;‘-* indicates no production of acids
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Purification of L-Asparaginase Precipitation
Dialysis 5,291 148.10 35.72 4.252 27.52
Table 7 represents the purification profile of L-Asparaginase from Bacillus sp., DEAE cellulose 1150 16.12 71.33 8.49 598
which shows that there was 14.82 fold purification of the enzyme. The purified chromatography ' ' '
enzyme had a specific activity of 124.52 lU/mL/mg. Sephacryl S-200 263
gel filtration 3275 ' 12452 14.82 1.70
Table 7 Purification profile of L-Asparaginase from Bacillus sp. chromatography
Total Tota_l Specific . . . .
Ste tivit protein tivit _Fpld' Vield Evaluation of Cytotoxic potential of L-Asparaginase
ps activity Conc. activity urification e
(IU/mL) (IU/mUmg) P . . . . .
(mg) Table 8 represents the cytotoxic potential of L-Asparaginase against various cell
Crude enzvme 19,219.6  2285.76 8.40 1 100 lines. The ICso value of L-Asparaginase for HelLa cells was found to be 263.18
y pg/mL, MCF-7 it was 277.40 pg/mL, for HepG2 it was found to be 273.16
Ammonium 10,271.9 729.3 14.08 1676 53.44 png/mL and showed resistance against 3T3L1 normal cell line.

sulphate (80%)

Table 8 Cytotoxic effect of Bacillus sp. L-Asparaginase on HeLa, MCF-7, HepG2 and 3T3L1 cell lines by MTT assay

Concentration

i (o) i ili 0,
Cell lines (ug/mL) cell death (%) cell viability (%) 1Cs0 (ng/mL)
31.25 10.04 +0.02 89.96 +0.02
62.5 22.95+0.00 77.05+0.00
HeLa 125 31.71+0.01 68.29 = 0.01 263.18
250 43.51 +0.00 56.49 +0.00
500 68.92+0.01 31.08 +£0.01
31.25 19.44 +£0.02 80.56 +0.02
62.5 24.44+£0.0 75.56 +0.0
MCF-7 125 37.80+0.0 6220+ 0.0 277.40
250 52.52+0.0 4748 £0.0
500 71.14+0.01 28.86 +0.01
31.25 7.45+0.00 92.55+0.00
62.5 15.86 = 0.00 84.14 +0.00
HepG2 125 28.23%0.00 71.77 £0.00 273.16
250 45.52 +0.01 54.48 +0.01
500 68.28 +0.01 31.72+0.01
31.25 4.40+0.02 95.60 +0.02
62.5 11.2+0.01 88.80 +0.01
3T3L1 125 14.3£0.02 85.70 £ 0.02 > 500
250 30.2 +0.00 69.80 + 0.00
500 47.4+0.01 52.60 +0.01
Table 9 Cytotoxic
effect of Curcumin
(positive control ) on
HelLa, MCF-7, HepG2
and 3T3L1 cell lines by
MTT assay
cell lines Curcumin cell death (%) cell viability (%)
concentration
(uM)
HelLa 5 54.42 45.58
MCF-7 5 48.13 51.87
HepG2 5 64.94 35.06
3T3L1 5 445 55.5
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Figure 2 Effect of Bacillus sp. L-Asparaginase on cancer and normal cell lines
HeLa cell lines (a) untreated (b) treated ; MCF cell lines (c) untreated (d) treated;
3T3L1 cell lines (e) untreated (f) treated ; HepG2 cell lines (g) untreated (h)
treated .
Morphological analysis revealed that the number of cells were reduced
significantly upon treatment and the treated cells undergoing apoptosis were
characterized by cellular rounding up, shrinkage, membrane blebbing and loss of
cell adhesion. However 3T3L1 cells showed less resistance to the enzyme
treatment.

DISCUSSION

In the present study we observed that the L-Asparaginase from Bacillus sp.
showed varied levels of inhibition of HeLa, MCF-7, HepG2 cancer cell lines and
resistance towards 3T3L1 normal cell lines. The purified L-asparaginase from
Bacillus licheniformis showed cytotoxic effect against Jurkat clone E6-1, MCF-7
and K-562 (Mahajan et al., 2014) with an IC s, value of 0.78 IU against MCF-7
cell lines.

Antitumor activity of L-Asparaginase from Erwinia caratovora has been studied
on Jurkat, Molt 4, human chronic myloid leukemia K562 cells, HL 60 and other
human soild tumors. L-Asparaginase significantly increased the number of
apoptotic cells to 40% (Jurkat cells) and 99% (HL60 cells) suggesting that the
enzyme cytoxicity is associated with only L- asparagine deficiency (Abakumova
et al., 2012). In vitro cytotoxicity of L-Asparaginase from pathogenic strain
Helicobacter pylori against different cell lines reported that AGS and MKN 28
gastric epithelial cells being the most affected (Scotti et al., 2010). L-
asparaginase is  reported to show sensitivity against fibrosarcoma and
liposarcoma (Tardito et al., 2007). L-Asparaginase from Salinicoccus KJ997975
also exhibited cytotoxicity against Jurkat and HeLa cell lines with an 1Cs, value
of 0.171 IU/mL and 0.096 IU/mL respectively (Bhat and Marar, 2015). L-
Asparaginase also causes selective death of asparagine dependent tumor cells and
induces apoptosis in tumor cells (Kelo et al., 2009). Human Asparaginase
enzyme inhibits the growth of Leukemic cells. Lymphoid cells (NALM-6 and
MOLT-4) are more sensitive than myeloid cells (K562) to L-Asparaginase
treatment (Belviso et al., 2017). L-Asparaginase showed cytotoxicity and high
selectivity to three leukemic cell lines with a ICsy value of 1.16 pg/mL against
Daudi cell line, 1.38 pg/mL against Jurkat cell line and 1.08 pg/mL against Molt

4 cell line (Aljewari et al., 2010).The differences in the ICs values might be due
to the differences in the level of purity of the enzymes. We could achieve 14 .84
fold purity in the present study. Further fold purification of L-Asparaginase
might prove to be useful.

CONCLUSION

L-Asparaginase producing bacterial isolate was screened and purified. The in
vitro cytotoxic effect of L-Asparaginase isolated from Bacillus sp. was tested on
human cancer cell lines, namely, MCF-7, HelLa, HepG2, and normal cell line
3T3L1. In this study it showed cytotoxic effect on MCF-7, HeLa and HepG2 cell
lines. Purified enzyme did not show any effect on normal 3T3L1 cell lines
indicating that it may be used for chemotheraputic purpose.
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