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ABSTRACT 

Introduction and Aim: This study reports the cytotoxic potential of L-Asparaginase isolated from the 

fungus Scopulariopsis brevicaulis. 
 

Materials and Methods: Extracellular L- Asparaginase was isolated from Scopulariopsis brevicaulis and 

purified by ammonium sulfate precipitation, followed by dialysis, ion exchange and gel filtration 

chromatography. Varying concentrations (31.25, 62.5, 125, 250, 500 µg/ml) of purified L-Asparaginase was 

tested on MCF7, HeLa, HepG2 and 3T3L1cell lines by MTT assay. Curcumin was maintained as a positive 

control. 
 

Results: Minimum inhibition of 23.57% was observed at an enzyme concentration of 31.25 µg/ml and 

maximum inhibition (66.41%) was observed at 500 µg/ml against MCF7 cell line. Minimum inhibition of 

2.87% was observed at an enzyme concentration 31.25 µg/ml and maximum inhibition (58.49%) was 

observed at 500 µg/ml against HeLa cell line. Minimum inhibition of 4.58% was shown at an enzyme 

concentration of 31.25 µg/ml and maximum inhibition (46.14 %) was observed at 500 µg/ml against HepG2 

cell line. Minimum inhibition of 1.4% was shown by enzyme concentration 31.25 µg/ml and maximum 

inhibition (50.9%) was observed at 500 µg/ml against 3T3L1 cell line. 
 

Conclusion: We report for the first time the cytotoxic potential of L-Asparaginase from Scopulariopsis 

brevicaulis.  

Keywords: L-Asparaginase; cytotoxicity; MCF-7; HeLa; HepG2; 3T3L1 cell lines; MTT; Scopulariopsis 

brevicaulis. 

 

INTRODUCTION 

- 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 (1). The reaction is irreversible when 

maintained at physiological conditions. The 

enzyme is found widespread in the nature and has 

been isolated from various sources such as plant 

tissues, bacteria, fungi, yeasts, actinomycetes, 

algae and the serum of rodents (2, 3). 

 L-Asparaginases has been isolated and purified 

from several different bacteria such as E. coli (3), 

Serratia marcescens (4), Vibrio succinogens (5), 

Pseudomonas acidovorans (6), Pseudomonas 

geniculata (7), Corynebacterium glutamicum (8) 

and Staphylococcus sps. (9). Fungal sources of the 

enzyme include Alternaria sps. (10), Aspergillus 

nidulans (11), A. niger (12), A. tamarii (13), 

L 
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Fusarium roseum (14).  Among plant species, L -

asparaginase enzyme has been reported in Pisum 

sativum (15) and Withania somnifera (16). Among 

mammals L-Asparaginase was detected in guinea 

pigs serum (17) and agouti (2).   

The enzyme is proven to have cytotoxic activity 

and is being used in the treatment of acute 

lymphoblastic leukemia (18). 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 (19). Therefore, the leukemic 

cells are deprived from L-asparagine which is their 

source of nutrition and they are prevented from 

malignant growth. 

L-Asparaginase from bacterial origin can cause 

hypersensitivity in the long term leading to 

allergic reactions in the tissues of patients, 

resulting in anaphylactic shock (20). Therefore, 

the search for a new serologically different L-

asparaginase with similar therapeutic role and less 

adverse effects is highly recommended. The study 

on purification of L-Asparaginase from 

Scopulariopsis brevicaulis has not been reported 

so far. This prompted to study further on cytotoxic 

property of the enzyme with reference to 

therapeutic purposes. Hence, attempt has been 

made to purify the L-Asparaginase from strain 

Scopulariopsis brevicaulis and study its anti-

neoplastic effect.  

MATERIALS AND METHODS 

The screening, isolation, identification and 

preparation of crude enzyme extract of 

Scopulariopsis brevicaulis was carried out as 

mentioned in the earlier publication (21). Modified 

Czapek –Dox media was employed to culture the 

organisms by submerged fermentation. The 

organism produced maximum enzyme on the 10th 

day. Optimum temperature for the growth of the 

organism was found to be 37°C and pH was found 

to be 7.2.  
 

Purification of L-Asparaginase 
 

The purification of the crude extract was carried 

out at 4°C according to the method (6). Finely 

powdered ammonium sulfate was added to 80% 

saturation. The mixture was left overnight for 

12hrs at 4°C, followed by centrifugation at 8000 

rpm for 20min at 4°C. The precipitate was 

dissolved in 0.05M Tris HCl buffer pH 7.2 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 HCl 

buffer, pH 7.2. A total of 55 fractions were 

collected at the flow rate of 3 mL per 15min. 

Fractions showing high activity were pooled 

together and dialysed against the same buffer. The 

dialysed sample was lyophilized and concentrated.  

1ml of the lyophilized sample was loaded on to the 

Sephacryl S-200 gel filtration column and was 

eluted by using the Tris HCl buffer pH 7.2. 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. Total and specific enzyme acitivity 

was determined using the method briefly described 

(22). 
 

In vitro cytotoxicity study 
 

 

Human Cervical Cancer cell line (HeLa), Human 

Breast Cancer Cell line (MCF7), Human Liver 

Cancer Cell line (HePG2) and Mouse Embryo 

Fibroblast Cell lines (3T3L1) were obtained from 

NCCS, Pune. The cells were maintained in 

DMEM medium supplemented with 10% FBS and 

Penicillin (100U/ml) in a humidified atmosphere 

of 50µg/ml CO2 at 37°C. The cytotoxicity of the 

sample on the cell lines was determined by MTT 

assay (23). 200μl of cell suspension was seeded in 

a 96 well plates at required cell density (20,000 

cells per well), without the test agent. The cells 

were allowed to grow for about 24 hours. The 

various concentrations of the sample (31.25, 62.5, 

125, 250,500 µg/mL) were added. The plates were 

incubated at 37°C for 48hrs in a 5% CO2 

atmosphere.  
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After the incubation period, the spent media was 

removed and MTT reagent was added to a final 

concentration of 0.5 mg/mL of total volume. The 

plates were returned to the incubator and 

incubated for 3 hours. The MTT was removed and 

100 μl of solubilisation solution (DMSO) was 

added. The absorbance was read on an ELISA 

reader (ELX800, Bioteck) at 570nm and 630 nm 

used as reference wavelength. The IC50 value was 

determined graphically. All experiments were 

performed in triplicates.  
 

Assessment of Cell Morphology 
 

The cytotoxicity induced by purified asparaginase 

was confirmed microscopy. The cell lines were 

treated with different concentrations of the 

purified enzyme (31.25, 62.5, 125, 250, 500 

µg/mL), after 24 h of treatment cells were 

subjected to investigation for morphological 

changes (24, 25).  
 

RESULTS 

Purification of Scopulariopsis brevicaulis L-

Asparaginase 

The purification profile of L-Asparaginase from 

Scopulariopsis brevicaulis is represented in (Table 

1). It was purified to 107.42-fold, with a specific 

activity of 116.02 (IU/mL/mg) and a yield of 11.03. 

 

Table 1:  Purity profile of L- Asparaginase 

In vitro cytotoxicity studies 

 

The purified enzyme was tested for cytotoxicity on MCF-7, HeLa, HepG2 and 3T3L1 cell lines (Table2)

Table 2:   IC50 value against various cell lines 

Sl. No. Cell lines IC50 value (µg/ml) L-Asparaginase Curcumin concentration (5µM) 

1 MCF-7 310.12 51.87 

2 HeLa 377.66 45.58 

3 HePG2 >500 35.06 

4 3T3L1 454.47 60.7 
 

Assessment of cell morphology 
Results showed that morphological changes were 

increased with increasing dose of L-Asparaginase. 

Symptoms of apoptosis such as cellular rounding 

Steps Total activity 

(IU/mL) 

Total 

protein 

Conc. (mg) 

Specific 

activity 

(IU/mL/mg) 

Fold 

purification  

     

Yield 

Crude enzyme 74,900   68,720  1.08 1  100 

Ammonium sulphate (80%) 

Precipitation 

62,414  18,945 3.2944 3.05 83.32 

Dialysis 38762 4623 8.38 8.18 51.75 

DEAE cellulose 

chromatography 

9482.94 

  

196.91 

  

48.1580 44.5 12.66 

Sephacryl S-200 gel 

filtration chromatography 

8268.76 

  

71.26 

  

116.02 107.42 11.03 
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up, cell shrinkage, membrane blebbing and loss of 

cell adhesion were observed (Fig 1: b, d f, h). The 

amount of blebbing and shrinkage of the cells 

were found to increase dramatically at higher 

concentrations of enzyme treatment. However, 

morphological changes were not observed with 

untreated cells (Fig 1: a, c, e, g). These results 

further suggest that purified asparaginase induced 

potential apoptotic effect in dose dependent 

manner.

 

                                                      

Fig. 1 Effect of L- Asparaginase on cancer and normal cell lines (a) untreated HeLa cell lines (b) treated HeLa cell lines (c) 

untreated MCF cell lines (d) treated MCF cell lines (e) untreated 3T3L1 cell lines (f) treated 3T3L1 cell lines (g) untreated HepG2 

cell lines (f) treated HepG2 cell lines. Scale bar = 1mm 

DISCUSSION
 

L-Asparaginases are effective against acute 

lymphocytic leukemia, acute myeloid leukemia 

and chronic myeloid leukemia (1). Tumor cells 

synthesize L-asparagine slowly and are dependent 

on an exogenous supply. L-Asparaginase destroys 

extracellular source of L-asparagine and inhibits 

protein synthesis in lymphoblasts resulting in 

apoptosis. Normal cells on the other hand can 

synthesize L-asparagine by Asparagine synthetase 

and therefore tend to resist L-Asparaginase.  

The anti-proliferative effects of L-asparaginase 

from A. terreus (PC-1.7 A) was evaluated after 24, 

48, 72 and 96 h of incubation on two leukemia cell 

lines (RS4;11 and HL-60) and PBMC. There was 

no effect on proliferation of PBMC, whereas 50% 

reduction in cell viability was observed after 72 

hours on the cell line HL-60 and after 96 hours on 

the cell line RS4; 11 (26). The cytotoxic effect of 

L-Asparaginase from Aspergillus flavus (KFF20) 

was studied on MCF – 7 cells and the IC 50 value 

were found to be 120.875 μg/ml (27). The 

incubation of Hep-G2 with gradual doses of 

Penicillium brevicompactum NRC 829 L- 

asparaginase lead to a gradual inhibition in the cell 

growth with a low IC50 values of 76.4 μg/ml (28). 

The purified L-Asparaginase induces apoptosis in 

human cancer cell lines (HL-60, MOLT-4, MDA-

MB-231 and T47D.) Morphological changes 

during apoptosis include membrane blebbing, cell 

shrinkage, chromatin condensation, formation of 

apoptotic and scattered apoptotic bodies (29). 

Morphological analysis of our cell lines after L-

Asparaginase treatment revealed that the cell 

population had reduced significantly in number. 

Cells undergoing apoptosis were characterized by 

cellular rounding up, shrinkage, membrane 

blebbing and loss of cell adhesion.  
  

In our studies we observed that the four cell lines 

showed varied levels of inhibition as well as 

resistance to L-Asparaginase enzyme. MCF-7 cell 

lines showed an IC50 value of 310.12(µg/ml), 

HeLa cell lines 377.66(µg/ml), whereas the 

HepG2 cell lines were completely resistant. 3T3L1 

cell lines which are normal cells also showed 
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resistance to L-Asparaginase. Probably the 

differences might be due to the differences in the 

level of purity of the enzymes used in the study. 

Further purification of Scopulariopsis brevicaulis 

L-Asparaginase might prove to be useful. It is not 

clear why in our study the cell lines appeared to be 

comparatively resistant to Scopulariopsis 

brevicaulis L-Asparaginase compared to other 

fungal Asparaginases. This is the first report on 

the selective cytotoxicity of L-Asparaginase from 

Scopulariopsis brevicaulis. 
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