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Abstract: Abstract: The L-asparaginase (E.C.3.5.1.1) produced by chicken liver was isolated and characterized.
Different purification steps (including ammonium sulphate fractionation followed by separation on Sephadex G-100
gel filtration and Sephadex G-200 gel filtration) were applied to crude filtrate to obtain a pure enzyme preparation.
The enzyme was purified 128.5 = 0.5 fold and showed a final specific activity of 158.11 = 5.0 U/mg with a 17.1 £
8.6 % yield. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) of the purified enzyme
revealed it was one peptide chain with M, of 33 kDa while by gel filtration appears to be 36 kDa. The enzyme was
very specific for L-asparagine and doesn’t hydrolyze L-glutamine. A Lineweaver-Burk analysis showed a K, value
of 1.66 mM toward L-asparagine as substrate and V., 0f 34.47 U. The enzyme showed maximum activity at pH 9.5
when incubated at 60°C for 20 min. The amino acids composition of the purified enzyme was also determined.
Antitumor activity was investigated. The enzyme inhibited the growth of the two human cell lines including
hepatocellular carcinoma (Hep-G2) and colon carcinoma (Hct-116) with 1Cs, value of 8.38ug/ml and 4.67pg/ml,
respectively. While ICs, was greater than 10pug/ well for MCF7 (breast carcinoma) cell line.
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1. Introduction: et al., 2010). The important application of the L-

L-asparaginase amidohydrolase (E.C. 3.5.1.1) asparaginase enzyme is in the treatment of acute
is an enzyme which catalyzes the hydrolysis of L- lymphoblastic leukemia (mainly in children), Hodgkin
asparagine into L-aspartate and ammonia according to disease, acute myelocytic leukemia, chronic
the following equation: L-asparagine +H,O------- >L- lymphocytic leukemia, lymphosarcoma treatment,
aspartate+ ammonia. reticulosarcoma and melanosarcoma (Tabandeh and

It is widely distributed in nature, not only in Aminlari, 2009 and Sunitha et al., 2010).

animal organs such as liver of guinea pig, placenta, Little work has been carried out on L-

kidney and intestine of beef and horse (Prista and asparaginase from chicken liver. The present paper is

Kyridio, 2001), but also in microorganisms such as devoted to the purification of an asparaginase from

Escherichia coli, Thermus thermophius , Erwinia chicken liver and to a comparative study of some of its

caratovora (Kotizia and Labrou, 2005; Michalska, et biochemical and biological properties.

al., 2006; Kotzia and Labrou, 2007; Verma et al., 2007

and Tabandeh and Aminlari, 2009) and also in plants 2. Materials and methods

such as soy beans, Oryza sativa, Hordenum vulgare Chemicals:

and Lupinus species (Borek and Jaskolski, 2001). Anhydrous L-asparagine , trichloroacetic acid,
Interest in this enzyme arose a few decades Nessler reagent chemicals (Hgl,, Kl and sodium

ago when it was discovered that the antilymphoma hydroxide, molecular weight markers for gel filtration,

activity of whole guinea pig serum was result of the all resins and reagents for electrophoresis were

enzyme L-asparaginase (Prista and Kyridio, 2001). The obtained from Sigma chemical CO. (St Louis, Mo).

anti-leukemic effect of L-asparaginase is a result of Sephadex G-100, Sephadex G-200 for chromatography

rapid and complete depletion of the circulating pool of and molecular weight markers for SDS-polyacrylamide

L-asparagine. As in a great number of patients with gel electrophoresis were obtained from Pharmacia Fine

lymphoblastic leukemia, the malignant cells depend on Chemicals (Sweden). Buffers were prepared according

exogenous source of L-asparagine to be able to survive, to the method of Gomori (1955), and the final pH

mean while, the normal cells are able to synthesize L- values were checked on Hanna pH meter. All the other

asparagine (Narta et al., 2007).  The discovery of chemicals were analytical grade.

new L-asparaginase serologically different but having a

similar therapeutic effect is highly desired, (Moharam Animals:

http://www.americanscience.org 439 editor@americanscience.org



mailto:santsayed@yahoo.com*
http://www.americanscience.org/

Journal of American Science, 2011;7(1)

http://www.americanscience.org

The screening was carried out with different
animal’s serum and organs such as liver, lung, kidney,
testis, ovaries, heart, pancreas, spleen and brain from
mouse, rabbits, chicken, buffalos and rats. Where the
chickens and rabbits were brought from markets.
Buffalos were brought from EL-Bassatein’s slaughter
house and finally rats and mice were brought from
animal’s house in National Research Center, Giza.

The enzyme activities of homogenates of
organs and supernatants of serum from different
species (crude enzyme) with different buffers and
molarities that are commercially available in a large
quantity were studied in comparison with liver
homogenates of laboratory animals.

All experiments were carried out with chicken
livers. They were obtained from animals of random
breed and sex, maintained from markets, liver was kept
frozen at - 40°C.

L-asparaginase assay:

The enzyme activity was assayed according to
Wriston  (1970) method. The reaction mixture
contained 0.9 ml of 0.01lmole L-asparagine preparation
in 0.05 mole sodium borate buffer, pH 8.5 and
adequate amount of L-asparaginase was incubated for
20 min at 37°C. The reaction mixture was centrifuged
at 6000 xg for 10 min and the ammonia released in the
supernatant was determined by Nesslerization reaction.
In brief, to 0.5 ml of supernatant, 1.75 ml distilled
water, 0.25 ml of Nessler reagent was added. After 10
min; absorbance at 480 nm were read with appropriate
control.

One enzyme unit (U) is defined as the amount
of enzyme that librates one pmole of ammonia per min
at 37°C. Standard curve of ammonium sulphate was
used for calculating ammonia concentration. The
activity values of samples present in the paper were
average values of three repeated measurements. Where
the specific activity is defined as the units of L-

asparaginase per milligram protein (Bansal et al., 2010).

Protein determination:

The total protein contents of the samples were
determined according to the method described by
Lowry et al. (1951) using bovine serum albumin as
standard.

Purification of enzyme:
The purification was carried out at 4'C on the
crude enzyme by:

1. Ammonium sulphate precipitation:

Certain volume of the prepared crude enzyme
was treated with different concentration of ammonium
sulphate (20-60%). The mixture was left at 4°C over
night, follwed by centrifugation at 13000 r.p.m for 15
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mins at 4°C. The resulting precipitates were dissolved
in appropriate amount of distilled water and dialyzed
exhaustively against distilled water for 2 days at 4'C to
get ride of the excess of ammonium sulphate.

2-Sephadex G-100 gel filtration:

The dialyzed ammonium sulphate fraction
was applied to Sephadex G-100 column (1.2 x55 cm)
was pre-equilibrated with 0.01 M sodium borate buffer
pH 8.5 at a flow rate of 20 ml/h. The fraction were
collected and examined for enzyme activity and protein
content.

3-Sephadex G-200 gel filtration:

The fraction from Sephadex G-100 with high
L-asparaginase activity was loaded onto the pre-
equilibrated Sephadex G-200 column (1.2 x 55 cm)
with 0.01 M sodium borate buffer, pH 8.5 at a flow rate
of 16 ml/h. The fractions were collected and examined
for enzyme activity and protein content.

Native-PAGE: a slab gel electrophoresis was
carried out using a 15% poly-acrylamide gel (pH 6.2).
After electrophoresis in a tris-glycine buffer (pH 8.3) at
200V for 7h at 70°C, the proteins in the gel were
stained with coomassie brilliant blue R-250 and
destined (EL-Gamal et al., 2001).

Molecular weight determination by:

1- SDS-PAGE: was performed following the method of
(Laemmli, 1970) with separating acrylamide gel 12.5%
(wt/vol) and stacking gel 3% (wt/vol) containing 0.1%
(wt/vol) SDS. The log molecular weight of different
standard molecular weight marker proteins of 66 kDa
(bovine serum albumin), 45 kDa (egg albumin), 36 kDa
(glyceraldehyde-3-p-dehydrogenase), 29 kDa (carbonic
dehydrogenase bovine), 24 kDa (trypsinogn bovine
pancrease), 20 kDa (trypsin inhibitor soybean) and 14.2
kDa (co-lactoalbumin bovine milk) were plotted against
their relative mobility in the gel, and from the plot the
molecular weight of the protein was calculated. The gel
was stained with Coomassie brilliant blue R-250.

2-Gel filtration: the molecular weight of the purified
enzyme was estimated by gel filtration chromatography
through a column (1.2 x 40 cm) of Sephadex ~ G-200
as described by Andrew (1964), pre-equilibrated with
0.01 M sodium borate buffer pH 8.5. The column was
calibrated with standard molecular weight marker
proteins as: 66 kDa (bovine serum albumin), 33 kDa
(trypsin from porcine pancrease), 29 kDa (carbonic
anhydrase), 20.1 kDa (trypsin inhibitor), and 14.2 kDa
(lyzozyme).

Amino acid composition:

Purified L- asparaginase was dissolved in one
ml of dilution buffer/Eppendorf-Germany, and then
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injected into full automated amino acid analyzer,
eppendorf LC 3000.

The conditions were estimated to be flow rate
0.2 ml/min, pressure of buffer form 0 to 50 bar,
pressure of reagent to 0-150 bar and reaction
temperature (123°C).

Antitumor activity:

Potential cytotoxic activity against some
tumor cell line was performed in the National Cancer
Institute using method of Skehan et al. (1990).

Prepared L-asparaginase partially pure
(ammonium sulphate) and pure enzymes were
lyophilized. One milligram of each lypholized powders
were dissolved in 0.1 ml of DMSO and the volume
completed to one ml with distilled water.

Cells were plated in (10* cells/well) for 24 h
before treatment with the dried L-asparaginase to
allow attachment of cell to the plate.

Different concentrations of the compound
under test (0, 1, 2.5,5,10 pg/ml) were tested. Triplicate
tested were prepared for each individual dose.

Monolayer cells were incubated for 48 h at
37°C in atmosphere of 5% CO,, after 48 h cells were
fixed, washed stained with sulforhodamine-B stain.
Excess stain was washed with acetic acid and attached
stain was recovered with tris EDTA buffer. Color
intensity was measured in an ELISA reader.

The relation between surviving fraction and
the drug concentration is plotted to get the survival
curve of each tumor cell line for the specified enzyme.

The effective dose required to inhibit cell
growth by 50% (ICsy pg/ml) was determined.
Doxorubicin was used as positive control.

Dried L-asparaginase was tested for the
following tumor cell lines at concentration between
1.0-10.0 pg/ml:

Hepatocellular carcinoma cell line.

Breast carcinoma cell line.

Colon carcinoma cell line.

3. Results and Discussion.
L-asparaginase of the liver of various species:

The enzyme activities of homogenates of liver
from different species that are commercially available
in large quantities were studied in comparison with
liver homogenates of laboratory animals and liver of
buffalo. The results are shown in table (1). The result
encouraged the use of chicken liver for the further
studies as it has a higher L-asparaginase activity, 8.66
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U/gm of liver than the other livers with specific activity,
0.648 U /mg at optimum assay condition.

Preparations of the enzyme from chicken liver:

Liver was homogenized with sand and
extracted in twice their volume of 0.01 M sodium
phosphate buffer, pH 7.4 containing 0.1 M potassium
chloride. They were incubated separately with L-
asparagine dissolved in 0.05 M sodium borate buffer,
pH 8.5 at 37°C for 30 mins.

Purification of L-asparaginase enzyme from chicken
liver:

Many steps commonly employed for enzyme
purification were inapplicable. The enzyme activity (L-
asparaginase) was destroyed by organic solvents
(acetone precipitation). DEAE-cellulose column could
not be employed successfully owing to the low stability
of the enzyme at salt concentrations.

The partial purification of the L-asparaginase
crude extract that was affected by the ammonium
sulphate (20-60%) saturation showed that most of the
enzyme activity was preserved in the precipitate. The
total protein concentration was decreased from 238 +
1.9 to 64 + 0.46 mg in ammonium sulphate precipitate
with 55.3+1.2 % vyield.

Fig. (1) shows the elution profile of
purification of the ammonium sulphate fraction ( 20-60
%) on Sephadex G-100 column. This fraction
contained wide peak with L-asparaginase activity with
specific activity 18.2 £ 2.2 U/mg.

The elution profile of the most active fraction,
collected from Sephadex G-100 on Sephadex G-200
column was illustrated in fig (2).

Although this fraction contained three
different protein peaks, only one peak showed L-
asparaginase. A sharp distinctive peak of L-
asparaginase activity which fits with only one protein
peak was obtained (tubes number 12 and 13) as shown
in fig.(2). The wvarious steps of the purification
procedure finally adopted by a relative simple method
and are shown with summarizing data in table (2). The
activity values were average values of nine repeated
purification batches.

Thus, purification of L-asparaginase to
homogeneity from chicken liver was achieved by
simple steps with final yield 17.1 £ 86 %, a
purification fold 128.5 £ 0.5 and a specific activity of
158.11 £ 5.0 U/mg protein.
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Table (1): L-asparaginase activity in the livers of various species:

Wet L-asparaginase Tota! Protein Specific
. L Total L-asparainase g
. weight/VVolume Activity . o conc. activity
Species (gm/ml) (U/ml) units activities (mg/ml) (U/mg)
(Ulgm) of liver
Mouse 2.19/7 0.0 0.0 0.0 7.26 0.0
Rabbit 5.04/8.2 1.478 12.12 2.40 5.240 0.28
Chicken 4.42/6 6.384 38.30 8.66 9.85 0.648
Buffalo 9.50/18.9 2.497 47.20 4.96 11.10 0.224
Rat (female) 11/22 2.077 45.69 6.06 - -
Rat (male) 7.39/20.1 1.182 23.76 3.21 7.990 0.147
Note: 0.05 M sodium borate buffer pH 8.5 at 37°C for 10 min.
Table (2): Purification profile of L-asparaginase from fresh chicken liver (10 g).
Total . - . .
A - Total protein Specific activity R Yield
Purification steps activit Purification fold
P 0 (mg) (U/mg) (%)
Crude extract 284+2.4 238 £1.9 1.23+0.1 1.0 100
Ammonium sulphate
fraction (20-60%) 158+1.0 64+0.46 247+ 0.3 20+0.3 55.3+1.2
Gel filtration on
Sephadex G-100 100 +£7.0 5.53 +0.09 18.2+2.2 14.8 £0.23 34.8+2.0
Gel filtration on
Sephadex G-200 48 £3.0 0.305 £0.02 158.11 +5.0 128.5+0.5 17.1+ 8.6
7 1
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Fig. (1): Elution profile of L-asparaginase on Sephadex G-100 column.

The dialyzed ammonium sulphate precipitate (20-60%) was chromatographed on Sephadex G-100 in (1.3x 55
cm) column. The column was equilibrated and eluted with 0.01 M borate buffer pH 8.5. The fractions were assayed
for L-asparaginase activity and protein content.
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Fig. (2): Elution profile of L-asparaginase on Sephadex G-200 column.

The most active collected fraction from Sephadex G-100 was applied to Sephadex G-200 (1.2 x 55 cm).
The fractions were assayed for the enzyme activity and protein content.

Molecular weight of L-asparaginase (Figure 3):

jran A (Lan B) -

Native-PAGE

Fig. (3a&b): Native and PAGE -SDS of L-asparaginase from chicken liver.

Lane A: Included the following standard proteins:
1-  Bovine serum albumin (66,000).
2- Egg albumin (45,000),
3- Glyceraldehyde-3-p-dehydrogenase (36,000),
4- Carbonic dehydrogenase bovine (29,000),
5-  Trypsinogn bovine pancrease (24,000),
6- Trypsin inhibitor soybean (20,000) and co-lactoalbumin bovine milk (14,200)
7- Lane B: Purified enzyme (5u9).
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Native-PAGE of the purified enzyme preparation from Sephadex G-200 column was performed to get basic
information about the purity of the L-asparaginase. It was revealed only one distinctive band as shown in fig. (3a).

SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel electrophoresis), was performed with the
purified enzyme. The result revealed to no detectable contamination and a single distinct band was observed with
molecular weight of about 33 kDa, fig (3b).

Determination of molecular weight of L-asparaginase by gel filtration (Sephadex G-200): The molecular
weight of the purified enzyme is found to be 36 kDa. By using different standard proteins with known molecular
weights, it was found that the apparent molecular weight of chicken liver L-asparaginase preparation was 36 kDa,

fig. (4).

4.9 =
Y =5.57279-0.02824 X

4.8 =
4.7 =

4.6 =
L-asparaginase —>

2

4.5 =

4.4 =

log molecular weight

4.3 =

4.2 =

4.1 =

25 30 35 40 45 50 55
elution volume

Fig. (4): Determination of the molecular weight of the purified L-asparaginase by gel filtration on Sephadex
G-200 column (1.2 X 40 cm). 1) Bovine serum albumin (66,000) 2) trypsin from porcine (33,000) 3) carbonic
anhydrase from bovine erythrocytes (29,000), 4 ) trypsin from soybean inhibitor(20,000), 5) lysozyme (14,200).

In this respect, the enzyme was approximately similar to that obtained from Pseudomonas stutzeir MB-405,
Thermus thermophilus and Eshirichia coli with M, range from 33-34 kDa, (Manna et al., 1995; Prista &Kyridio,
2001 and Soares et al., 2002). While the enzyme was lower than that obtained from Pisum sativum (Sieciechowicz
et al., 1989). M, of L-asparaginases isolated from Pseudomonas aeruginosa 50071 and Chlamydomonas sp were
approximately 160 kDa, (EL-Bessoumy et al., 2004 and Dhevagi and Poorani, 2006).

Physicochemical properties of the purified L-asparaginase:

The pH influence on the L-asparaginase activity was studied using a 0.05 M borate buffer of different pH
values ranging from 4 to 11.5. The enzyme activity gradually increased until pH 7.5 and remains high active over a
wide range of pHs’ from 7.5 tol11 and at which the maximum activity was observed, fig (5). At higher pH than pH
11, the enzyme activity was decreased to 33.3%. A similar pHs’ values were obtained from Guinea pig serum,
Pseudomonas stutzeir MB-405 and from Helicobacter pylori (Tower et al., 1963; Manna et al., 1995 and Cappelletti
et al., 2008).

The effect of the incubation time on L-asparaginase activity was studied in the ranges of 5 to 180 min,
(Fig.6). L-asparaginase activities increased as the incubation time increased. The activity ran at maximum for 30
minutes and still maximum for 90 min. After 90 min, it decreased as the time increased.

The reaction rate of L-asparaginase was measured at various temperatures from 40 to 75°C, (Fig.7). It
appears that L-asparaginase optimally deamidated at 60°C. At higher temperature than 60°C the reaction rate
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declined to 77.2% of activity 75°C. When the enzyme was exposed in absence of the substrate to 30°C up to 45°C for
60 min, then their activities were measured, as described before the activity was about 52 % increased, (Fig.8).
Beyond this temperature the enzyme becomes increasingly unstable. Similar results were recorded for asparaginase
from Pencillium politans NRC 510 (Tower et al., 1963 and Ali and EL-Sayed, 2006). They were proved that
Thermus thermophilus and Guinea pig serum L-asparaginas, are quite stable and linear even at 70°C or 77°C. On the
other hand, L-asparaginase from Erwinia sp had a maximum activity at 35°C (Borkotaky and Bezbaruah, 2002).

Enzyme activity
(4]

o 1 2 3 a4 5 6 7 8 9 10 1 12 13 14 15

pH values

Fig. (5): Effect of pH on L-asparaginase activity.

The purified L-asparaginase was very specific for L-asparagine and low for DL-asparagine (22.5%) and did
not hydrolyzed L-glutamine. L-asparaginase of different microorganism has different substrate affinities and
probably plays a different physiological role in the enzyme activity, (EL-Bessoumy et al., 2004).

The Ky, value of the purified enzyme was determined according to the method of Lineweaver and Burk (1934). A
Lineweaver-Burk analysis gave K, of 1.66 mM toward L-asparagine as substrate and the maximum velocity (Vmax)
of 34.47 U (Fig.9). Higher K., values (6.6 and 7.0 mM) for L-asparaginase from Lupinus arboreus and Lupinus
angustifolius, respectively has been reported by Chang and Franden (1981). On The other hand, a lower K, value
(0.058 mM) was obtained for L-asparaginase from Erwinia chrysanthemi 3937 (Kotzia and Labrou, 2007).

PR

Enzyme
activity
ornus o o MM EREES
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Fig. (6): Effect of time on the pure L-asparaginase activity.
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Fig. (8): Thermal stability of L-asparaginase activity.
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Fig. (9): Lineweaver —Burk plot of L-asparaginase activity using L-asparaginase as substrate.
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Amino acid composition:
Table (3) shows the amino acid contents of the
purified chicken liver L-asparaginase.

Table (3): Amino acid contents of the purified
chicken liver L-asparaginase.

Amino acid Amino acid
concentration (mol%o)

12.64 Aspartic acid
2.03 Threonine
2.35 Sereine
6.48 Glutamic acid
2.30 Glycine
4.65 Alanine
7.73 Cystin
0.095 Methionine
2.43 Isoleucine
4.64 Leucine
1.22 Tyrosine
1.71 Phenylalanine
1.39 Histidine
2.78 Lysine
1.86 Arginine
0.39 Proline

The quality of chicken liver L-asparaginase was
assessed for its amino acid contents. The purified
enzyme was rich in aspartic acid, glutamic acid and
cystin. Qian et al. (1996) reported that aspartic acid

The lypholized L-asparaginase enzyme
(partial and pure) was subjected to cytotoxic activity in
vitro on the cell lines available HEPG2 (hepatic
carcinoma), HCT (colon carcinoma) and MCF7 (breast
carcinoma) using SRB assay. The growth inhibition
data were expressed as percent of control. Results in
figs. (10 and 11) shows that no significant differences
were observed in the cytotoxicity between the highly
purified and partially purified L-asparaginase enzyme
against HEPG2 (hepatic carcinoma) cell line (ICso =
8.38 ug /well and 8.91 g / well respectively). While
results showed difference between the cytotoxicity of
highly purified and partially purified L-asparaginase
enzyme against HCT (colon carcinoma) cell line (1Cs
= 4.67 pug / Well and 6.44 g /well respectively).While
ICsp was greater than 10ug/ well for MCF7 (breast
carcinoma) cell line. The sensitivity of MCF, HEPG2
and HCT cells to both asparaginases (partial and pure
fraction) appeared to be dose dependent, resulting in
significant decrease in viable cells. Treatment of
different tumor cancer cell lines with increasing the
concentrations of L-asparaginase up to10 pg results in
appreciable inhibition of the cell growth.

Cappelletti et al. (2008) studied in vitro
cytotoxicity of a novel L-asparaginase from the
pathogenic strain Helicobacter pylori CCUG 17874
against different cell lines. They reported that AGS and
MKN 28 gastric epithelial cells being the most
affected. While in breast cell line used in this
investigation do not contain L-asparagine synthetase

protects the active site of Esherichia coli L-  activity (Prista et al., 2001).Therefore, the selective
asparaginase. growth inhibition by L-asparaginase of breast cancer
I . cell could be related to the absence of intracellular L-
Biological properties: asparagine synthetase activity in this cell.
12 -
—— HEPG2  —=— MCFG7
c 1 —— HCT116
B
—
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-
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Fig (10): Cytotoxic activity of partially pure L-asparaginase.
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Fig (11): Cytotoxic activity of pure L-asparaginase.

Our results showed that the purified L-

asparaginase from chicken liver has got the favorable
activity at wide range pH, high temperature, high
affinity towards L-asparagine, no glutaminase activity

and good heat

stability which deserve further

investigations on chicken liver L-asparaginase for its
proper utilization. Also, the results showed that L-
asparaginase has anti-proliferative activity in different
cell lines growth in vitro (antitumor activity against
hepatic and colon carcinoma).

Corresponding author

Sanaa T. El-Sayed

Biochemistry Department, National Research Center,
DoKKi, Giza, Egypt.

santsayed@yahoo.com

4. References:

1.

. Andrews, P. (1964).

Ali, T.H. and EL-Sayed, S.T. (2006). Optimization
of cultural conditions for formation of L-
asparaginase deamidating enzyme by Pencillium
politans NRC 510. New Egyptian Journal of
Microbiology, 15:62-75.

Estimation of molecular
weight of proteins by Sephadex gel filtration.
Biochemistry Journal, 91:223-23.

Bansal,S.; Gnaneswari,D.; Mishra,P. and Kundu,B.
(2010). Structural stability andfunctional analysis
of L-asparaginase from Pyrococcus furiosus.
Biochemistry (Moscow)75 (3):375- 381.

Borek, D.and Jaskolski, M. (2001). Sequence
analysis of enzyme with asparaginase activity. Acta
Biochimica poloni 48(4):893-902.

Borkotaky, B. and Bezbaruah, R.L. (2002).
Production and properties of asparaginase from

http://www.americanscience.org 448

New Erwinia sp. Folia Microbiology, 47(5):473-
476.

6. Cappelleti, D.; Chiarelli, L.R.; Pasquetto, M.V.;
Stivala, S.; Valentini, G. and Scotti, C. (2008).
Helicobacter pylori L-asparaginase: A promising

chemotherapeutic ~ agent.  Biochemical and
Biophysical ~ Research  of  Communication,
377:1222-1226.

7. Chang, K.S. and Franden, KJ.F. (1981).

Purification and properties of asparaginase from
Lupinus arboreus and Lupinus angustifolius.
Archives of Biochemistry and Biophysics
208(1):49-58.

8. Dhevagi, P. and Poorani, E. (2006). Isolation and
characterization of L-asparaginase from marine
actinomycetes. Indian journal of Biotechnology,
5:514-520.

9. EL-Bessoumy, A., Sarhan, M. and Mansour J.
(2004).Production, isolation and purification of L-
asparaginase from Pseudomonas aeruginosa 50071
using solid-state  fermentation. Journal of
Biochemistry and Molecular Biology, 37(4): 387-
393.

10. EL-Gamal, B.; Temsah, S.; Olama, Z.; Mohamed,
A. and EL-Sayed, M. (2001). Purification and
characterization ~ of  chloramphenicol acetyl
transferase from Morganella morganii. Journal of
Biochemistry and Molecular Biology, 34:415-420.

11. Gomori, G. (1955). Preparation of buffers for use in
enzyme studies.In: Methods in Enzymology (Ed. by
Colowick, S.P. and Kaplan, N.O.), 1:138 146.
Academic press, New York.

12.Kotzia, G.A. and Labrou, N.E. (2005). Cloning,
expression and characterization of Erwinia
caratovora L-asparaginase. Journal of
Biotechnology, 119: 309-323.Kotzia, G.A. and

editor@americanscience.org



mailto:santsayed@yahoo.com*

Journal of American Science, 2011;7(1)

http://www.americanscience.org

Labrou, N.E. (2007). L-asparaginase from Erwinia
chrysanthemi  3937: cloning, expression and
characterization. Journal of  Biotechnology,
127(20): 657-66.

Laemmli, U.K. (1970).Cleavage of structure
proteins during the assembly of the head of
bacteriophage T4. Nature, 227:680-685.
Lineweaver, H. and Burk, D. (1934). Determination
of enzyme dissociation constant. Journal of
American Chemistry of Society 56:658.

Lowry, O.; Rosebrough, N.J.; Farr, A. L. and
Randall, R.J. (1951). Protein measurement with

13.

14.

15.

Folin phenol reagent. Journal of Biological
Chemistry, 193: 265-275.

16.Manna, S.; Sinaha, A.; Sadhukhan, R. and
Chakrabarty, S.L. (1995). Purification,

Characterization and antitumor activity of L-
asparaginase isolated from Pseudomonas stutzeri
MB-405. Current of Microbiology, 30:291-298.
Michalska, K.; Bujacz, G. and Jaskolski, M. (2006).
Crystal structure of plant asparaginase. Journal of
Molecular Biology, 360: 105-116.
Moharam, M.E.; Gamal EL-Deen, A.M. and EL-
Sayed, S.T.(2010). Production, immobilization and
anti-tumor activity of L-asparaginase of Bacillus sp
R36. Journal of American Science, 6(3):1-10.
Narta, UK.; Kanwar, S. S. and Azmi W. (2007).
Pharmacological and clinical evaluation of L-
asparaginase in the treatment of leukemia. Critical
Review of Oncology and Hematology 61:208-21.
20.Prista, A. A. and Kyridio, D.A. (2001). L-
asparaginase of Thermus-thermophilus: properties
and identification of essential amino acids for
catalytic  activity. Molecular and Cellular
Biochemistry, 216: 93-101.
21.Prista, A.A.; Papazisis, K.T.; Kortsairs, A.H;
Geromichalos, G.D. and Kyriskidis, D.A. (2001).
Antitumor activity of L-asparaginase from Thermus
thermophilus. Anticancer Drugs 12:137-142.

17.

18.

19.

12/6/2010

http://www.americanscience.org

449

22.Qian, G.; Zhou, J.; Wang, D. and Hie, B. (1996).
The chemical modification of E.coli L-
asparaginase by N-O-carboxymethyl chitosan cells,
blood substituents and immobilization.
Biotechnology, 24:567-577.

23. Sieciechowicz, K.A.; Joy, K.W. and Ireland, R.J.
(1989). The metabolism of asparagines in plants.
Phytochemistry 27:663-671.

24.Skehan,P.; Storeng, R.; James,W. and Murray,
D.P.(1990). New coloremtric cytotoxicity assay for
anticancer drug screening. Journal of National
Cancer Institute, 82:1107-1112.

25. Soares, A.L.; Guimaraes ,G.M.; Polakiewicz, B.; de
Moraes pitombo, R.N and Abrahao-Neto, J.
(2002). Effect of poly ethylene glycol attachment
on physicochemical and biological stability of E-

coli  L-asparaginase. International Journal of
Pharmaceutics
26.Sunitha, M.; Ellaiah, P. and Devi, R.B.

(2010).Screening and optimization of nutrients for
L -asparaginase production by Bacillus cereus
MNTG-7 in  SmF by plackettburmann
design.African Journal of Microbiology Research
4(4):297-303.

27.Tabandeh, M.R. and Aminlari M. (2009).
Synthesis, physiochemical and immunological
properties of oxidized inulin- L-asparaginase

bioconjugate.
195.

28. Tower, D.B.; Peters, E.L. and Curtis, W.C. (1963).
Guinea pig serum L-asparaginase: properties,
purification and application to determination of
asparagine in biological samples. Journal of
Biological Chemistry, 238(3):983-993.

29.Verma, N.; Kumar, K.; Kaur, G. and Anand, S.
(2007). L-asparaginase: a promising
chemotherapeutic agent. Critical Review of
Biotechnology, 27: 45-62.

30. Wriston, JC. Jr. (1970). Asparaginase. Methods in
Enzymology, XVII. 1:732-42.

Journal of Biotechnology141:189-

editor@americanscience.org




