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ABSTRACT

L-Asparaginase (L-asparagine amido-hydrolase, EC 3.5.1.1) is an industrially and pharmaceutically important enzyme
that catalyses the hydrolysis of asparagine into aspartic acid and ammonia. In this study, L-asparaginase was produced
from Fusarium sp. LCJ273. The crude L-asparaginase produced was precipitated using ammonium sulphate precipitation
followed by purification using ion exchange chromatography. The molecular weight of L-asparaginase was found to be
approximately 66 kDa by SDS-PAGE. The culture filtrate, ammonium sulphate precipitate and partially purified L-
asparaginase exhibited optimum activity in pH 7.0 at 30°C. The partially purified L-asparaginase from Fusarium sp.
LCJ273 showed 100% relative activity towards the natural substrate L-asparagine. Further, the kinetics studies of
value was 125 mM min"'. The in vitro

max

partially purified L-asparaginase revealed that K | value was 24.2 mM and V
anticancer activity of partially purified L-asparaginase was investigated. Different concentration of partially purified
enzyme was tested on three different cell lines namely MCF-7 (breast cancer cell line), Hep-2 (human laryngeal
carcinoma cells) and vero cell lines by MTT assay (3-4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide).
Purified L-asparaginase reduced cell viability of MCF-7 (16.61%), Hep-2 (8.12%) and vero cell line (88.73%) after 72
hours with IC;, value of 33.21, 9.28 and 622.99 ug/mL respectively and showed better toxicity on the cell lines at a
concentration of 120 ug/mL.
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1. INTRODUCTION

production can be easily optimized. In addition, purified

L-Asparaginase is one of the potentially important
therapeutic enzymes of interest which accounts for about
40% of the total worldwide enzymes are sold as
antileukemic agents [1-3]. L-Asparaginase has great
demand in medical application and food industries to
decrease the formation of carcinogenic acrylamides in
potato chips and biscuits [4-6]. Therapeutic L-
asparaginase demand is increasing every year. L-
Asparaginase catalyses the hydrolysis of L-asparagine into
aspartic acid and ammonia [7]. Tumor cells require L-
asparagine for their development. L-Asparaginase
reduces the L-asparagine present in blood and secondarily
in the starving cancer cells resulting in significant
lymphatic cell death [8, 9]. L-Asparaginase is widely
obtained from animal, plant and microorganisms such as
bacteria, filamentous fungi, yeast and actinomycetes [10,
11].  However, L-asparaginase production from
microorganisms is preferred because they can be easily

cultured and conditions for maximizing enzyme

enzyme can be obtained in large volumes [12, 13]. L-
exhibited

minimum enzyme activity and also showed difficulty in

Asparaginase  production from  bacteria
extraction. There also had allergic effects due to long-
term administration resulting in anaphylaxis, allergic
reactions, hypersensitivity and other toxic reactions [14].
L-Asparaginase from fungi such as Aspergillus terreus [15],
Aspergillus niger [16], Aspergillus oryzae [17], Cladosporium
sp. [18], Penicillium and Fusarium [19-22] is found to be an
alternative source and also show higher activity.
Purification of L-asparaginase is very important to study
addition,
characterization is essential to know the properties of

its functional properties. In enzyme
enzymes such as pH, temperature, substrate specificity
and kinetic parameters [23-25]. The purification,
characterization of purified L-asparaginase, kinetic
properties of L-asparaginase and antitumor activity of
purified L-asparaginase from Fusarium sp. LC]273 on

MCEF-7, Hep-2 and vero cell line for further

Journal of Advanced Scientific Research, 2020; 11 (1) Suppl 1: March 2020


http://www.sciensage.info/jasr

Gnanadoss et al., | Adv Sci Res, 2020; 11 (1) Suppl 1: 305-312 306

pharmaceutical applications is reported in this paper.

2. MATERIAL AND METHODS
2.1.L-Asparaginase production under submerged
fermentation

Modified Czapek Dox Broth (MCDB) was used for the
production of L-asparaginase. A 5mm disc of actively
growing Fusarium sp. LC]273 was added to a 100 mL of
MCDB. The constituents of MCDB were (g/L)
Dextrose-2.0, L-asparagine-10.0, KH,PO,-1.52, KCl-
0.52, MgSO,.7H,0-0.52, CuNO,.3H,0O-trace,
ZnSO,.7H,O-trace and FeSO,.7H,O-trace. The mixture
was incubated under shaking conditions at 30°C and 120
rpm for 5 days. After incubation the broth was collected
and centrifuged to remove the mycelia. Broth
supernatant was used to determine the activity of L-
asparaginase [26].

2.2.L-Asparaginase purification

Five-day old culture of Fusarium sp. LC]273 was cultured
under optimized conditions for production of L-
asparaginase. The culture was filtered through cheese
cloth to remove the mycelium. 1000 mL culture filtrate
was then centrifuged (10,000 rpm for 15 min) at 4°C and
again filtered with Whatman No. 1 filter paper.

2.3. Ammonium sulphate precipitation

The Fusarium sp. LCJ273 culture was centrifuged and the
supernatant was used as crude enzyme source for
purification of the enzyme. L-Asparaginase from crude
extracts was exposed to ammonium  sulphate
precipitation at 80% saturation was allowed to stand
collected by
centrifugation at 10,000 rpm for 15 min and again
resuspended in 50 mM Tris-HC1 buffer (pH 8.5).

Diaiyzed extensively against same buffer and kept at 4°C

overnight. The

precipitate was

overni ght.

2.4.Ion exchange column Chromatography

The dialyzed enzyme was loaded on to a DEAE-Cellulose
ion exchange column, which was pre-equilibrated,
washed with 50 mM Tris-HCl buffer (pH 8.5) and
unbound proteins were washed repeatedly. After 30
minutes, sample was eluted with using 0.2 M, 0.4 M, 0.6
M, 0.8 M and 1.0 M NaCl in the same buffer at regular
time intervals at a flow rate of ImL/min. 5 mL fractions
were collected and evaluated for L-asparaginase activity.
The active fractions of the L-asparaginase were pooled,
concentrated and stored in freezer for further
characterization. The eluted sample was used for the

characterization of protein by SDS PAGE. The total
specific activity, yield and purification fold was calculated
based on the method described by Nelson and Cox [27].

2.5.Molecular mass determination of L-
asparaginase
Sodium Dodecyl Sulphate-Polyacrylamide Gel

Electrophoresis (SDS-PAGE) was carried out following
the method described by Laemmli [28] using a 10% w/v
resolving gel and 5% w/v stacking gel. After
electrophoresis, Coomassie Brilliant Blue (CBB) R250
was used to stain the protein bands. The stained gel was
destained with destaining solution (Methanol 50 mL,
Glacial acetic acid 7.0 mL and Distilled water 43 mL) and
washed with distilled water. The proteins fractionated
into bands were observed and their molecular weight was
determined using standard protein marker.

2.6.Influence of physico-chemical properties on
L-asparaginase activity

2.6.1. Influence of pH on L-asparaginase activity

The effect of pH on partially purified L-asparaginase,
ammonium sulphate precipitate and crude filtrate was
investigated by maintaining different pH ranging from
(4.0-10). The partially purified L-asparaginase (10 pg)
was pre-incubated for 30 minutes in various buffer
system such as sodium phosphate citrate buffer (50 mM;
pH 4.0 - 6.0), Tris-HCI buffer (50 mM; pH 7.0 - 9.0)
and glycine-NaOH buffer (50 mM; pH 10.0). In the
reaction mixture substrate was added and evaluated for
L-asparaginase activity. Similarly, L-asparaginase present
in ammonium sulphate precipitate and culture filtrate
were also assayed at different pH.

2.6.2. Influence of temperature on L-asparaginase
activity and thermal stability

The optimum temperature and stability pattern of the L-
asparaginase activity was determined by dissolving the
partially purified L-asparaginase (10 pg) in 50 mM Tris-
HCI buffer (7.0) for Fusarium sp. LC]J273 was studied at
various temperature ranging from 20°C to 45°C for 30
minutes and activity of L-asparaginase was determined.
Ammonium sulphate precipitate and culture filtrate were
also examined for L-asparaginase activity. The thermal
stability of the enzyme was determined by incubating the
partially purified enzyme for 1 h at various temperatures
(20°C to 45°C). The L-asparaginase activity was
estimated by performing the standard assay conditions.
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2.7.Substrate specificity

Substrate specificity of the partially purified L-
asparaginase enzyme, ammonium sulphate precipitate
and culture filtrate were studied using different
substrates such as L-asparagine, glutamine and aspartic
acid at a concentration of 5.0 mM. The substrates mixed
with 10 pg of partially purified enzyme, ammonium
sulphate precipitate and culture filtrate. The reaction
mixture was incubated for 30 minutes at 30°C and L-
asparaginase activity was determined. The results were
expressed as the relative percentage of the enzyme
activity observed.

2.8.Kinetic constants of partially purified L-
asparaginase
Effect of substrate concentration and determination of K_
and V, value of partially purified L-asparaginase enzyme
were calculated by the method of Lineweaver and Burk,
(1934) [29] with various concentrations (1.0 mM-5.0
mM) of L-asparagine. L-Asparagine was dissolved in 0.05
M Tris-HCI buffer (pH 7.0). The relationship between
the substrate concentration and activity of L-asparaginase
was examined by the curve expressing the Michaelis-
Menten pattern. L-Asparaginase was estimated by
standard assay conditions. Microsoft Excel was used to
and K.
The maximum velocity, Michaelis constant was
calculated based on the method described by Nelson and
Cox. The formula used is mentioned below:
1/Vv=K,/V,)1/S+1/V_)

V...x (Maximum velocity); The reciprocal of the intercept
(mM minutefl); K,
(Michaelis constant); The reciprocal of the intercept on
the negative X-axis is the K, (mM).

calculate linear regression for estimating V.

X

max

on the positive Y-axis is the V

max

—45kDa

2.9.Anti-cancer activity of L-asparaginase by
MTT assay
The anti-proliferative activity of the purified L-
asparaginase enzyme on human cell lines such as MCF-7
(breast cancer cell line), Hep-2 (human laryngeal cells),
and vero cell line was assessed by the reduction of yellow
MTT [3- (4, 5-dimethyl thiazol-2-yl) -2, 5-diphenyl
tetrazolium bromide] to purple formazan. The cells were
maintained in respective medium supplemented with
10% Fetal bovine serum, Penicillin (100 U/mL) and
Streptomycin (100 pg/mL) in a humidified atmosphere
of 5% CO, at 37°C. The cells were plated in 100 pl of
medium in 96-well plates, the cell line such as MCF-7,
Hep-2 and vero were exposed to different concentration
of L-asparaginase ranging from 20, 40, 60, 80, 100 and
120 pg/mL. After incubation for 72 hours, the culture
medium was removed and 150 ul of fresh culture
medium and 50 pl of MTT were added to all the wells.
The pellets in aluminium foil were kept at 37°C for 4
hours, after which plates were rapidly inverted with a
firm flick to remove the culture medium and suspend the
formazan crystal by adding 200 pg/mL of Dimethyl
sulfoxide (DMSO). Glycine buffer (pH 6.0) was added
for adjusting the pH and the absorbance was measured at
570nm using ELISA reader. Control wells contained only
cells without compound. All concentration was done in

triplicates.

3. RESULTS AND DISCUSSION

The L-asparaginase from Fusarium sp. LCJ273 was
purified using ammonium sulphate precipitate (80%) and
DEAE-cellulose column chromatography which has been
widely used for purification of endophytic L-asparaginase
[30,31]. Acetone also used for the precipitation of fungal
L-asparaginase [32]. Ammonium sulphate precipitation
was employed. At the end of the purification process the
L-asparaginase activity was increased to 3.7 fold.

—29kDa

—20.1kDa

97.4 kDa Lane 1: Protein Marker

66 kDa Lane 2: Crude enzyme
Lane 3: Dialysis enzyme
Lane 4: Eluted sample
Lane 5,6,7: Purified enzyme

143 kDa

Fig. 1: Molecular weight determination of purified L-asparaginase
from Fusarium sp. LC1273 on SDS-PAGE
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The molecular mass of the partially purified L-
asparaginase from Fusarium sp. LCJ273 was determined
by SDS-PAGE. The partially purified L-asparaginase was
subjected to SDS-PAGE showed a single homogenous
band stained with Coomassie Brilliant Blue (CBB R250).
The molecular weight of the partially purified L-
asparaginase from Fusarium sp. LCJ273 was found to be
~66 kDa (Fig. 1). Earlier studies show that the molecular
weight of L-asparaginase isolated from Penicillium sp. was
found to be 66 kDa [1, 8]. L-Asparaginase from other
microbes has been characterized based on their molecular
weight reported in earlier: Streptomyces albidoflavus with
112 kDa [31], Cladosporium sp. with 117 kDa [18],
Aspergillus flavus with 100 kDa [33], Aspergillus niger with
48 kDa [34], Trichoderma viridae with 99 kDa [35]. L-
Asparaginase from Fusarium sp. having molecular weight
44.7 kDa was also reported [36]. The molecular weight
of L-asparaginase therefore could differ from one
organism to other organism; it may be inferable to its
genetic diversities.

3.1.Physico-chemical properties of partially
purified L-asparaginase

3.1.1. Influence of pH on L-asparaginase activity

The effect

ammonium sulphate precipitate and culture filtrate from

of partially purified L-asparaginase,

Fusarium sp. LCJ273 were assessed under different pH
conditions ranging from 4 to 10. The partially purified L-
asparaginase from Fusarium sp. LC]273 showed 100% of
relative activity at pH 7, when L-asparagine was used as

the substrate (Fig. 2).
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Fig. 2: Relative activity of L—asparaginase enzyme
at different pH from Fusarium sp. LC]J273

Ammonium sulphate precipitate with 77.7% relative
activity and culture filtrate with 58.3% relative activity
were also detected at pH 7.0. Similar results were
reported by earlier researchers in Mucor hiemalis [12],
Rhizomucor miehei [37] and Trichoderma viride [35]. L-
Asparaginase from Cylindrocarpon obtusisporum MB-10 and
Staphylococcal was reported that the optimum pH of L-
asparaginase activity was found to be 7.4 and 8.8 [25,
38]. However, significant relative activity was detected
between pH 4—6 with relative activity ranging from
77%-90% for partially purified L-asparaginase. Low
relative activity was observed at pH 10 with relative
activity of 64%. Further increase or decrease in pH
resulted in reduced L-asparaginase activity and pH is an
important factor to be used as a therapeutic agent.

3.1.2. Effect of different temperature and stability on
L-asparaginase activity

The influence of various temperatures on the partially
purified L-asparaginase, ammonium sulphate precipitates
and culture filtrate from Fusarium sp. LCJ273 was
assessed under different temperature varies from 20°C to
45°C. The
partially purified enzyme was found to be 30°C with
100% relative activity (Fig. 3).
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Fig. 3: Relative activity of L—asparaginase enzyme
at different temperatures from Fusarium sp.
LC]273

The L-asparaginase activity of culture filtrate and
ammonium sulphate precipitate was 65% and 84% at
30°C for Fusarium sp. LCJ273. On the contrary,
optimum activity of L-asparaginase from Erwinia
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carotovora [39] and Pseudomonas aeruginosa 50071 [40] have
been detected at 35°C and 37°C respectively.

Thermal stability of the partially purified L-asparaginase,
ammonium sulphate precipitate and culture filtrate from
Fusarium sp. LCJ]273 was measured by incubating the
enzyme-substrate mixtures for 1 h at different
temperatures (20°C-45°C). In Fusarium sp. LCJ273
results showed that the optimum temperature was 30°C
and it was stable up to 60 min with 100% relative
activity. Above and below the range of optimum
temperature, the activity of L-asparaginase was decrease
gradually. The purified L-asparaginase was 100% stable
at 30°C and above 90% stability was observed at 25°C
and 35°C. Loss of partially purified L-asparaginase
activity was observed 83% at 40°C and 70% activity at
45°C for Fusarium sp. LCJ273. The stability of L-
asparaginase decreased gradually when temperature
increased to 40°C and above. At temperature below
40°C the L-asparaginase was stable. The statistical
analysis further confirmed that 30°C was significant for

enzyme,

precipitate and culture filtrate when compared to other

partially  purified ammonium  sulphate

temperatures. Several researchers have noticed various

temperature for optimum L-asparaginase activity 37°C

[35], 40°C [32].

3.2.Substrate specificity

The substrate specificity of partially purified L-
asparaginase, ammonium sulphate precipitate and
culture filtrate from Fusarium sp. LCJ273 was studied
using different substrates such as L-asparagine, L-
aspartic acid and L-glutamine presented in Fig. 4.
Partially purified L-asparaginase from Fusarium sp.
LCJ273 showed maximum activity towards original
substrate L-asparagine [41, 42], very low activity
towards L-aspartic acid and no specificity towards L-
glutamine. Partially purified L-asparaginase revealed
maximum oxidization activity 100% in culture. 74%
with the culture filtrate and 83% with the ammonium
sulphate precipitate from Fusarium sp. LC]J273. Relative
specificity of L-asparaginase towards the L-asparagine
was maximum among all the substrates used. Huang et
al. (2014) [37] reported L-asparaginase from Rhizomucor
michei having low glutaminase. Raha et al. (1990) [38]
and Nagarajan et al. (2014) [43] isolated glutaminase
free L-asparaginase from Cylindrocarpon obtusisporum MB-
10 and Alternaria sp. respectively. Some bacterial species

have also been reported to produce L-asparaginase [31,
44].

110 4
E @z Calnure filtrate

100 PO Anwyonium sulphate precipitation

B Partially punified enzyine

90
i S5 —
80+ ':.O‘0,0

70

Relative activity (%)

Nl =

—_—

1
Gutamine

=

Aspartic acid
Substrates

—

Fig. 4: Substrate specificity of L-asparaginase
enzyme from Fusarium sp. LCJ273

3.3.Kinetic constants of partially purified L-
asparaginase

The kinetic constants of partially purified L-asparaginase

from Fusarium sp. LCJ]J273 was determined using L-

asparagine. The K, and V _ values for the partially

purified ~L-asparaginase was calculated from the
Lineweaver-Burk plot and presented in Fig. 5. The K,
values of Fusarium sp. LC]J273 were 24.2 mM for L-

asparagine and the V were 125 mM min' are

summarized in Table 1. The affinity of L-asparaginase
from Fusarium sp. LCJ273 towards L-asparagine was
higher than L-asparaginase from Aspergillus aculeatus [45].
Lower K, value was attained for L-asparaginase from
Erwinia chrysanthemi 3937, Mucor hiemalis, E. coli and
Penicillium sp. [8, 12, 46-47]. The partially purified L-
asparaginase from Fusarium sp. LC]J273 showed stronger
affinity towards its original substrate L-asparagine.
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Fig. 5: Lineweaver-Burk plot of partially purified
L-asparaginase from Fusarium sp. LCJ273

Journal of Advanced Scientific Research, 2020; 11 (1) Suppl 1: March 2020



Gnanadoss et al., | Adv Sci Res, 2020; 11 (1) Suppl 1: 305-312 310

Table 1: Kinetic constant of partially purified L-
asparaginase from Fusarium sp. LC]J273

Substrate Wavelength V. K,
(nm) (mM) (mM min")
L-asparagine 450 125 24.2

3.4.Anticancer activity of L-asparaginase

The cell lines namely MCF-7, Hep-2 and vero cell lines
were treated with different concentrations ranging from
20, 40, 60, 80, 100 and 120 pg/mL of L-asparaginase
produced by Fusarium sp. LC]273, for 72 hours measured
by MTT assay. Incubation of cancer cells with the
different  concentration of L-asparaginase enzyme
significantly reduce the viability of tumour cells and cell
inhibition percentage was significantly increased with
high concentration of L-asparaginase. Purified L-
asparaginase from Fusarium sp. LC]J273 was found to be

highly effective against the tested cancer cells such as

Control cell lines

MCEF-7, Hep-2 and vero cell line were dose dependent,
increased the dose of L-asparaginase resulted in the
inhibition of cell growth. The purified L-asparaginase was
selectively inhibited tumour cells reproduction without
any cytotoxic effect towards the non-carcinogenic normal
cells at the different studied.
Morphological changes in the tumour cell lines after

concentrations

treatment with purified fungal L-asparaginase were
evaluated under an inverted microscope [48, 49]. The
cells showed some characteristics like shrinkage, loss of
cell adhesion, cellular rounding and cells detachment
from surface of the wells (Fig. 6). Purified L-asparaginase
from Fusarium sp. LCJ]J273 was found to be highly
effective against the MCF-7 (16.61%), Hep-2 (8.12%)
and vero cell line (88.73%) where IC;, value was
recorded in the range of 33.21, 9.28 and 622.99 pg/mL
respectively (Fig. 7).

Vero cell line |

| | MCF-7 |

Y L S
t L h 1 o
[ R
af’*l
i |

Cell lines treated with L-asparaginase from Fusarium sp. LC]J273

Fig. 6: In vitro cell cytotoxicity of partially purified L-asparaginase produced by Fusarium sp. LC]J273

These result were compared with other studies where L-
asparaginase from Bacillus  licheniformis and marine
Aspergillus terreus strain showed the maximum toxicity
effects against the cancer cell lines such as MCF-7, Jurkat
clone E6-1, K-562 (IC,, value 0.78 IU, 0.22 IU, 0.153
IU) Hep-G2 and HCT-116 (with IC;, value of 3.79-12.6
Hg/ml) [50, 51]. L-Asparaginase from Penicillium
cyclopium inhibit the growth of human cell lines such as
Hep-G2 (Hepatocellular = carcinoma), PC3 (Prostate

carcinoma) and MCEF-7 (Breast carcinoma) with IC,,
value of 14ig/ml, 37ig/ml and 12.5ig/ml respectively
[52]. El-Naggar et al. (2015) [53] studied the L-
asparaginase activity against Hep2, CACO2, HEPG 2 and
IC;, value was 2-4 U/mL. L-Asparaginase from bacteria
like E. coli and Erwinia carotovora develop toxicity and
hypersensitivity to the drug [54]. Purified L-asparaginase
enzyme from Fusarium sp. LCJ273 showed non-toxic
effects to normal vero cell line.
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Fig. 7: Cytotoxic effect of L-asparaginase
obtained from Fusarium sp. LC]J273 on Hep-2,
MCEF-7 cells, vero cell line and treated with
different concentrations

4. CONCLUSION
L-Asparaginase from endophytic fungi finds broad
application in food and pharmaceutical industries. L-
Asparaginase was purified by ammonium sulphate
cellulose ion

precipitation and DEAE

exchange

chromatography. The molecular wei ght of

L-asparaginase from Fusarium sp. L.C]273 was found to be
66 kDa. The
L-asparaginase had an optimum pH 7.0 and temperature
30°C

L-Asparagine used as a natural substrate for L-

partially purified

, showed high specificity towards the L-asparagine.
asparaginase. The results of the present study show that
L-asparaginase from Fusarium sp. LC]J273 can be used in
the development of anti-tumour drugs.
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