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ABSTRACT
L-glutaminase is an amidohydrolase that catalyzes L-glutamine to L-glutamic acid and has increased impressive consideration due to its
potential anticancer activity. The objective of this work was to isolate different fungi that produce L-glutaminase which has antitumor
activities. Three fungal species that were isolated on the selective medium showed L-glutaminase activity. The species were identified as
a Penicillium crustosum, Emericella nidulans and Mucor circinelloides. Mucor circinelloides showed potential L-glutaminase
production (5.16 U/ml). Different pH, L-glutamine concentrations, temperatures, and incubation periods were carried out. The most
enzyme production was shown at pH 8, temperature 30 ºC, with 0.6% of the L- glutamine. L-glutaminase was extracted and purified
with gel filtration and ion exchange (DEAE Sephadex A50). The purified enzyme was found to possess a specific activity 1.55 U/mg and
was monitored by SDS-PAGE with molecular weight 70 kDa. Purified L-glutaminase exhibited cytotoxic activity against HepG2 and
PC3 cell lines with Ic50 value 0.067 mg/ml and 0.079 mg/ml respectively. Caspase 3 colorimetric assay and flow cytometry was done to
detect the activation of apoptosis among the enzyme. The enzyme showed positive results on both types of cell lines.
Keywords: L-glutamine; L-glutaminase; Mucor circinelloides; antitumor activity; HepG2; PC3.

1. INTRODUCTION
Cancer has been developed as a noteworthy general
medical issue in numerous parts worldwide. Presently, one out of
4 deaths in the United States is because of cancer [1]. In 2011, the
ASR was reported the incidence in developed areas to be 300/225
(male/ female) and 160/138 (male/ female) [2]. Samjotha and
Sudheer [3] also clarified that cancer is the most unstable disease
characterized by uncontrolled division of cells with no
physiological requests from the organism, caused by various
genetic and epigenetic alterations. The impact of treatment
changes with contrasts in patients clinical, immunologic and
hereditary attributes thusly, the look for effective drugs to solve
this issue is proceeding around the world [1].
The application of radiotherapy is confined to treat of
tumors before metastasis. Therefore, there is an imperative
requirement for medicines with enhanced specificity in cancer
therapy [4]. Langer [5] mentioned that several treatments are
available, including surgical intervention, radiation and
chemotherapy, however it act also on healthy cells and cause
toxicity to the patient. Many therapeutic enzymes such as Lasparaginase, L-arginase, L-tyrosinase, L-glutaminase, α- and βglucosidase and β-galactosidase have been found in cancer
treatments due to their anti-carcinogenic potential. These enzymes
could be obtained from different sources including animals, plants,
bacteria, and fungi [6, 7]. One of the prime agents in the treatment
of human cancers incorporates a family of enzymes referred to Lglutaminases. Criss [8] explained that since the perception that pig
kidney serum has anticancer properties due to the presence of
glutaminase activity, concentrated work has been done to discover
different wellsprings of glutaminases and to study their properties
against tumors. L–glutaminase is an amidohydrolase enzyme that
catalyzes the transformation of L– glutamine to L–glutamic acid
and ammonia. L-glutamine is the most copious amino acid found

in the body it's synthesized by glutamic acid and ammonia by
glutamine synthase [9] and it’s the primary substrate for Lglutaminase present in blood and serves as a fuel for cell division
and nucleic acid synthesis of tumor cells. Unlike normal cells,
cancerous cells lack L-glutamine synthetase, they rely on the
exogenous supply of L-glutamine from the blood for their growth
and survival. Tumor cells need most L-glutamine for their rapid
division [10]. Consequently, L-glutamine can be limited in the
circulating blood by the presence of L-glutaminase resulting in the
selective death of tumor cells by blocking their energy route of
cell division [11]. This approach helps in the use of L-glutaminase
as an anti-cancerous agent.
In addition to medical applications, L-glutaminase has
important applications in food flavoring due to its involvement in
the synthesis of L-glutamic acid, the principal compound
responsible for giving the delicious taste and aroma of many
fermented products like soy sauce [12]. L-glutaminase was
observed to be broadly distributed in plants, animal tissues, and
microorganisms including bacteria, yeast, and fungi of which the
most makers are fungi [13]. The L-glutaminase activity had been
studied by its isolation and purification from a huge number of
microorganisms [14] and their structure determination [15]. Also,
the enzyme was characterized with respect to various parameters
such as temperature, pH, molecular weight and kinetic parameters
[16]. Hence, this study aimed to isolate and identify fungal
organisms having high L-glutaminase activity with studying its
optimization of pH, substrate concentration and different
incubation periods. In addition, purifying and characterizing Lglutaminase from the most potent fungus and finally test its
antitumor activity on different carcinoma cell lines.
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2. MATERIALS AND METHODS
2.1. Isolation of microorganisms.
The fungal species used in the present work were obtained
from different soil samples gathered from different areas using the
serial dilution method. The isolated microbes were cultured and
preserved on modified Czapek’s Dox medium [17].
2.2. Screening of L-glutaminase producing fungi.
The L-glutaminase producing fungi were screened by a
rapid plate assay using glutamine as the sole carbon source [18].
Modified Czapek’s Dox medium used for fungal isolates is
composed of 2g/L L-glutamine; 2g/L NaNO3; 1g/L K2HPO4;
0.5g/L KCl; 0.5g/L MgSO4.7H2O; 0.01g/L FeSO4.7H2O; 20g/L
and supplemented with 0.012g/L phenol red as indicator.
The fungal isolates were incubated at 30°C for 7 days. Lglutaminase production was indicated by observing a pink zone
around the colonies and was selected for the determination of
enzyme activity by Nessler’s assay.
2.3. L-glutaminase production by submerged fermentation
under different substrate concentrations.
Enzyme production was performed by submerged
fermentation cultivated with modified Czapek’s media. The cells
were harvested by centrifugation at 5000 rpm for 10 minutes and
measured on a spectrophotometer at 630 nm to uniform the cell
concentration of all strains. Control was prepared in the same way
without the addition of glutamine. Samples and control were
prepared in replicates and were incubated at 30°C with shaking at
150 rpm for 7 days. The growth was measured by
spectrophotometer at 630 nm after 7 days using 1 ml from culture
and the activity of L-glutaminase was also determined by
Nessler’s assay using spectrophotometer at 436 nm by quantitating
the formation of ammonia as one IU of L-glutaminase is the
amount of enzyme which liberates 1µmol of ammonia per minute
per ml, (2g/L) was the concentration of L-glutamine in media .
The same procedure was done by increasing the concentration of
L-glutamine (4g/L) and (6g/L) to compare the growth and enzyme
activity with the increase of substrate concentration. [19].
2.4. Estimation of L-Glutaminase activity.
The method adopted by Darwesh et al. [19] was
fundamentally used, the rate of hydrolysis of L-glutamine was
determined by measuring the liberated ammonia by nesslerization.
2.5. Identification of the most potent fungal isolate.
Isolates were identified based on morphological and
physiological characteristics and compared with the authentic
isolates by Assiut University Mycological Center, Assiut Egypt
(AUMC).
2.6. L-glutaminase production and activity under different pH.
Czapek's media supplemented with L-glutamine at a
concentration (6g/L) was prepared at different pH 5, 6, 7, 8, 9 and
was inoculated with the three fungal isolates. The enzyme activity
was measured by Nessler’s assay using a spectrophotometer at 436
nm for each pH to know the suitable one.
2.7. Extraction and purification of enzyme.
The modified Czapek’s broth medium supplemented with
6g/L L-glutamine was used for induction. Fifty ml of Czapek’s
media was inoculated at 30°C shacked at 150 rpm for 7 days. At
the end of the incubation period, the biomass was separated by
centrifugation; the supernatant was subjected to protein

precipitation by 2x chilled acetone. The enzyme solution was
purified by gel filtration chromatography (DEAE Sephadex A-50,
2 x 80 cm) that act as size exclusion and ion exchange at the same
time [20].
2.8. Determination of total proteins.
Total proteins were measured by Folin-Phenol reagent and
Bovine serum albumin (BSA) (Hi-Media Laboratories, India) was
used as a standard [21, 22].
2.9. Molecular weight determination by SDS-PAGE.
Purified fractions were monitored for purity by SDSPAGE [23]. Cross-linked proteins were separated with SDSPAGE in sodium phosphate buffers [24], with pre-stained protein
molecular weight marker, Apelex vertical tray, and A Bio-Rad
Mini-Protean II apparatus were used throughout and all proteins
were stained with Coomassie Brilliant Blue G250. All procedures
and reagents were as described previously by Darwesh et al. [25].
The current was initially adjusted to 25mA.
2.10. Determination of kinetic constants of L-glutaminase.
The catalytic parameters (Michaelis–Menten constant, K),
and (maximum velocity, Vmax) for the enzyme were calculated by
measuring the initial linear rates of the enzymatic reaction after
the addition of different concentrations of L-glutaminase ranging
from 0.05 to 30 µmoles. The apparent Km value of the purified
enzyme was calculated from the Lineweaver-Burk plot relating 1 /
V to 1 / [S].
2.11. Cytotoxic effect of purified L-glutaminase by MTT assay
on PC3 (pancreas) and HEPG2 (Liver) cell lines [26].
Cell culture of the PC3 and HepG2 cancer cell lines were
supplied by VACSERA. Cancer cells were seeded in a flask with
RPMI medium containning 10% Fetal Calf Serum (FCS) and
incubation was done at 37°C in a 5% CO2, after 24 hours
incubation period the attached cells were trypsinized. The cells
were counted and distributed in 96 well ELISA plates. The plate
was incubated 24 hours at 37 °C in a 5% CO2 atmosphere to allow
the cells to attach to the bottom of the well. Cells were treated
with samples (crude enzyme).
2.12. Caspase-3 assay.
Caspase-3 is a ubiquitously-expressed cysteine protease
involved in programmed cell death (apoptosis). In non-apoptotic
cells, this enzyme exists as an inactive zymogen known as
procaspase-3. It is activated when cells are committed to dying via
apoptosis. Caspase-3 is expressed in every cell type; the assay can
be performed using the method of Porter and Janicke [27].
2.13. Detection of apoptosis by Flow cytometry using Annexin
kit [28].
Cells were washed twice with cold PBS and then were
resuspended in binding buffer at a concentration of 1 x 106
cells/ml, from this solution100 µl (1 x 105 cells) is transferred to a
5 ml culture tube. Then, 5 µl of FITC Annexin V and 5 µl of PI
were added to the solution. The cells were gently vortexed and
incubated at 25°C in the dark for 15 minutes. After the incubation
period, 400 µl of binding buffer was added to the cells and finally,
the analysis was done by flow-cytometry within 1 h.
2.14. Statistical Analysis.
The data were analyzed by two -way analysis of variance
(ANOVA) using IBM SPSS (25.0), followed by Duncan's multiple
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range test to compare the differences among treatments where

significant differences (P < 0.05) were observed. [29].

3. RESULTS
3.1. Isolation and identification of L-glutaminase producing
fungi.
Ten fungal strains were isolated and examined by Rapid- Plate
assay method to confirm their ability to produce L-glutaminase.
Three isolates from ten confirmed their ability to produce the
enzyme. All fungal strains were identified based on their
morphological and reproductive structures and compared with the
authentic isolates by the Mycological center of Assiut University
(AUMC) Assiut, Egypt as Penicillium crustosum (AUMC 11566),
Emericella nidulans (AUMC 11565) and Mucor circinelloides
(AUMC 11568).
The three species were screened for their L-glutaminase
activity. Their results were in close agreement with Nathiya et al.
[30] and Shimaa and Raed [31]. On an industrial scale,
glutaminases are delivered fundamentally by Aspergillus sp. [32]
while our results showed that Mucor circinelloides (AUMC
11568) had the highest production of L-glutaminase followed by
Penicillium crustosum (AUMC 11566) and finally Emericella
nidulans (Aspergillus nidulans) (AUMC 11565). In this study, the
work on different carcinoma cell lines to test the antitumor activity
of L-glutaminase was carried out using M. circinelloides (AUMC
11568) which is the first record to be tested on carcinoma cell
lines. The maximum enzyme productivity by the identified fungal
isolates was obtained after 7 days of cultivation at 30ºC and
showed an increase with time and also with increasing the amount
of L-glutamine as a carbon source. These results were in good
agreement with Savitha et al. [33] where they reported that the
ideal temperature for the enzyme activity was observed to be 30 to
40 ºC at which the enzyme activity was the highest and they were
different from Koibuchi [34] and Das and Agsar [35] where Lglutaminase production by isolates gradually expanded from 24
hours to 120 hours and afterward no more increase was watched.
This showed that in the present study, the L-glutaminase enzyme
produced from the three fungal isolates was stable and active for
more than 7 days.
3.2. Effect of incubation period on biomass.
The results from the one-way ANOVA showed that there was
a significant difference between biomass in grams of isolates with
time (p = 0.50). A one-way between groups analysis of variance
was conducted to explore the impact of time on biomass in grams
of isolates, there were divided into three times according to week,
there was a significant difference at the p < .001 level in biomass
in grams of isolates with time F (2, 15) = 3.684, p = 0.05 as shown
in Table 1 and Figure 1. These results were in good agreement
Strains
Penicillium
crustosum
Penicillium
crustosum
Mucor
circinelloides
Mucor
circinelloides
Emericella
nidulans
Emericella
nidulans

Test for
homogeneity
of variance

with Rani et al. [36]; Varalakshmi and Jaya [37] where they
reported that Aspergillus sp. showed an increase in enzyme
activity and dry weight by increasing of incubation time to 7 days.
Table 1. One-Way ANOVA between biomass of isolates with time.
Incubation
Test for
Mean ± Std.
period Number
homogeneity
F
Sig.
Deviation.
(week)
of variance
1st
6
0.59 ±0.28a
2nd
6
0.23 ±0.17b
0.183
3.684 0.050
3rd
6
0.3 ±0.25 ab

Figure 1. The effect of incubation period on biomass between strains.

3.2. Effect of incubation period on L-glutaminase activity.
The results from One-Way ANOVA showed that there was no
significant difference in the activity of L-glutaminase (U/ml)
within the three weeks but it showed a little increase with time as
shown in Figure 2. A one-way between groups analysis of
variance was conducted to explore the impact of strains on the
activity of L-glutaminase U/ml. They were divided into three
groups according to strain no. In addition to their replica so they
became six groups. There was a statistically significant difference
at the p < .001 level in the activity of L-glutaminase U/ml with
strain no F (5, 12) = 30.045, p <.001. Post-hoc comparisons using
the Duncan HSD test indicated that the mean score for Penicillium
crustosum (M = 3.68, SD = 0.47) was significantly different from
Emericella nidulans (M = 0.9, SD = 0.08) and Mucor
circinelloides (M = 4.32, SD = 0.6). There was no statistically
significant difference in mean scores between Penicillium
crustosum and Mucor circinelloides as shown in Table 2. These
results were in concurrence with many authors [38, 29, 39] that
those strains are from the most promising isolates for Lglutaminase activity.

N

Mean ±Std.
Deviation

3

3.68 ±0.47a

3

3.54 ±0.55ab

3

4.32 ±0.79b

3

4.08 ±0.6b

Figure 2. Effect of incubation period on the activity of L-glutaminase.

3

0.9 ±0.08ab

Table 2. Activity of L-glutaminase U/ml with strain No.

3

0.83 ±0.11ab

0.191

F

Sig.

30.045 0.00
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3.3. Effect of initial pH on L-glutaminase production from the
three isolates.
The results showed that L-glutaminase production has a wide
range from pH 5-9, where the maximal production was found to
be at pH 8. In the present study, the results present in Figure 3
showed that L-glutaminase production had a wide range from pH
5-9, where the maximum production for the three isolates was
observed at pH 8.0 (3.52, 2.3, 1.03 U/ml) for Mucor circinelloides,
Penicillium crustosum, and Emericella nidulans respectively.
These results were in concurrence with many authors [40, 41, 42]
where they reported that L-glutaminase kept up its activity over a
scope of pH 5 - 9 with ideal pH 8.0. The activity essentially
diminished at both low and high pH esteems. Basically, at acidic
pH it was noticed that enzyme inactivation showed up, contrasting
with the basic side, expecting the enzyme has a basic identity. The
negative impact on catalyst action was observed at highly basic or
acidic pH values, recommending the impact on the ionization
condition of the enzyme, changing the charge of enzyme,
detachment of subunits/ coenzyme, consequently disrupts its
binding with the substrate.
3.4. Determination of the most promising isolates by
measuring the activity of L-glutaminase after the optimization
of conditions.
The enzyme was produced in liquid L-glutamine medium
by Mucor circinelloides, Penicillium crustosum and Emericella
nidulans for three weeks and a continuous analysis each week was
accomplished for enzyme production by calculating the enzyme
activity by Nessler’s assay. The results showed that Mucor
circinelloides had the highest production of L-glutaminase
followed by Penicillium crustosum and finally Emericella
nidulans producing 5.18; 4.15; 0.98 unit/ml, respectively. After
precipitation, Mucor circinelloides was reported to give the
maximum production of L-glutaminase (5.18 U/ml) at 30 ºC,
optimum pH 8.0 for 7 days incubation period and can resist to
three weeks.

A50 gives a more increase in the activity in comparison with that obtained
from acetone only. These results were in concurrence with Elshafei et al.
[43] that recorded the same results with P. brevicompactum also dealing
with Kumar et al. [41] that recorded the same with Bacillus Sp. In this
way, the strategy utilized in the present study demonstrated to be a good
technique in the purification of L-glutaminase as noticed by Sanaa et al.
[44] who confirmed that the specific enzyme activity from Streptomyces
pratensis was expanded fundamentally through the same purification
steps compared to the crude filtrate.
Table 3. The protein content, specific activity and total activity for Lglutaminase from Mucor circinelloides during sequential purification
stages.
Protein
Activity
Total protein(mg)
Total activity(U)
Step
Volume(ml)
Concentration
Specific
(mg ml-1)
activity(U/mg)
Crude
50ml
1200
24
259
0.21
enzyme
Cold
10ml
280
28
41.4
0.14
acetone
(DEAE
5ml
10
2
15.55
1.55
Se`phadex
A-50)

3.6. Characterization of L-glutaminase enzyme using sodium
dodecyl sulfate -polyacrylamide gel electrophoresis (SDSPAGE).
The purified enzyme in the four fractions was subjected to
SDS-PAGE. They gave one specific band at molecular weight ≃
70 kDa indicating that this enzyme from Mucor circinelloides was
consist of one subunit as shown in Figure 4. These results were
similar to Imada et al. [18] and Tachiki et al. [45] where they
reported that L-glutaminase from different sources had wide
variety in the molecular weight which could extend between 40
and 148 kDa.

Figure 4. SDS-PAGE for fractions of enzyme purification

Figure 3. Effect of different pH values between fungal isolates.
3.5. Enzyme purification.
Four fractions from thirty- three fractions were shown enzyme activity
were subjected to SDS PAGE. The total activity of the purified
precipitated enzyme was determined again and it was found to be 15.55
U. After precipitation, the total proteins were determined by the Lowry
method to calculate the specific activity the mg of the protein was
calculated from the obtained equation of the standard curve. The specific
activity was then calculated by this equation: Specific activity= Enzyme
units/ mg proteins and it was 1.55 u/mg. The purification of Lglutaminase was summarized in Table 3. The use of acetone 2x increases
the purification of the enzyme but the additional use of Sephadex DEAE-

3.7. Determination of kinetic properties of L-glutaminase by
Lineweaver-Burk Plot.
The best activity of L-glutaminase is 2.57 U/ml was acquired
at substrate concentration 3.6mM. This result shows the high
affinity of L- glutaminase towards its natural substrate, which may
identify with its level of effectiveness against tumors, which is in
agreement with other studies [46] which reported a higher Km
value of L-glutaminase purified from Debaryomyces sp. CECT
11815 for L-glutamine (4.5 mM). Weingand-Ziadé et al. [47] also
revealed that the L-glutaminase activity purified from
Lactobacillus rhamnosus demonstrated typical Michaelis–Menten
behavior with an affinity constant Km of 4.8 mM for L-glutamine.
Wael et al. [48] reported that glutaminase activity expanded with
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increasing of L- glutamine concentration, achieving its maximum
velocity (95 μmol/1 min/1 ml) at 50 mM.
3.8. The cytotoxic effect of the pure enzyme from Mucor
circinelloides on cancer cell lines (HepG2 and PC3).
The cytotoxicity of cancer cell lines was determined by
calculating viability percentage from the absorbance results
obtained from ELISA reader and indicating IC50 (Inhibition
concentration) of each cell line type as shown in Table 4 and 5.
In the present study, the antitumor activity of L-glutaminase on
cancer cells was quantitatively tested on HepG2 and PC3. The
resulted data generally indicated that the HepG2 was more
sensitive to the anti-proliferation activity of the enzyme than PC3
as shown in (Table 4 and 5).
Table 4. The cytotoxicity effect of pure enzyme on HEPG2, indicating
the IC50 is 0.067 mg/ml
Conc
.
Unit/
ml

R1

R2

R3

0.15

0.044

0.083

0.07
5

0.079

0.04

Mean

Via
%

IC5
0

0.059

0.062

35.6

0.06
7

0.067

0.09

0.079

45.1

0.13

0.119

0.122

0.124

70.9

0.02

0.143

0.143

0.13

0.139

79.5

0.01

0.149

0.123

0.164

0.145

83.3

0.153

0.156

0.146

0.152

87.0

0.144

0.163

0.162

0.156

89.6

0.148

0.153

0.183

0.161

92.5

0.165

0.154

0.194

0.171

98.1

0.181

0.183

0.156

0.173

99.4

0.00
47
0.00
23
0.00
12
0.00
06
0.00
03

Control
0.16
6
0.19
8
0.18
7
0.19
1
0.15
2

0.15
8
0.16
5
0.16
7
0.16
3
0.19
7

cells (IC50, 8.3 μg/ml), while the MCF-7 cells were not affected
by the treatment. Other researchers, reported that the antitumor
activity of the purified enzyme from thermo-tolerant Streptomyces
sp. D214 showed excellent antitumor activity against the tumor
cell line MCF-7 with IC50, 10 μg/ml [52].
Comparing these results with our present study, the purified
L-glutaminase enzyme from Mucor circinelloides had the highest
antitumor activity on the cancer cell line HepG2, it was also tested
on pancreatic carcinoma cell line which wasn’t tested in other
studies and gave high effect.
Table 5. The cytotoxicity effect of pure enzyme on PC3, indicating the
IC50 is 0.079 mg/ml.
Conc.
Unit/ml
0.15
0.075
0.04

0.174

Upon malignancy cells treatment, the selected prescribed dose
showed anti-proliferation activities against PC3 cells with
percentages 79% (79 µg/ml) while against HepG2 showed 67%
(67 µg/ml), which is in agreement with Elshafei et al. [43] who
reported the antitumor activity of the purified enzyme produced by
Penicillium brevicompactum against the growth of human cell line
hepatocellular carcinoma (Hep-G2), with IC50 value of 63.3
ug/mL, also in agreement with Binod et al. [49] who reported that
the L-glutaminase was tried against five kinds of cancer cell lines
– HepG2, MCF7, HCT-116, HeLa and RAW264.7 cells using
MTT assay and the study revealed that the enzyme had a
noticeable effect against Hep-G2 and HeLa cell lines.
Singh and Banik [50] revealed that the gradual inhibition in
the growth of hepatocellular carcinoma (HepG2) cell lines was
found with IC50 value of 82.27 g/mL in the presence of different
concentrations of crude L-glutaminase (10-100 g/mL). Besides,
HepG2 cell line was selected for further evaluation using partial
purified and pure enzyme. In this connection, the cytotoxicity of
L-glutaminase from Aspergillus flavus KUGF009 towards MCF-7
cell lines by the MTT assay (IC50 250 μg/ml) was reported [51].
Another study [42] reported that the purified enzyme had high
antitumor activity against HepG2 cell (IC50 6.8 μg/ml) and HeLa

0.02
0.01
0.0047
0.0023
0.0012
0.0006
0.0003

R1

R2

R3

0.07
1
0.08
4
0.17
8
0.14
9
0.18
3
0.17
7
0.20
1
0.18
2
0.20
3
0.18
3

0.07
1
0.08
8
0.14
5
0.16
2
0.14
9
0.18
2
0.18
8
0.18
4
0.14

0.07
4
0.09
7
0.14
4
0.17
1
0.16
1
0.16
9
0.14
5
0.17
4
0.19
9
0.16

0.20
2

Mea
n
0.07
2
0.09
0
0.15
6
0.16
1
0.16
4
0.17
6
0.17
8
0.18
0
0.18
1
0.18
2

Via
%
40.1
49.9
86.7
89.5
91.5

IC5
0
0.07
9

Control
0.19
6
0.18
4
0.16
5
0.16
8
0.18
4

0.16
1
0.19
2
0.18
8
0.18
7
0.17
1

0.18
0

98.0
99.1
100.
2
100.
6
101.
2

3.9. Caspase-3 Colorimetric assay.
It was found an increase of caspase 3 enzyme with the
treatment of cell line with pure L-glutaminase in comparison with
control for each cell line as shown in Table 6.

Pc3
Control
Pc3
Sample
Hpeg2
Control
Hepg2
Sample

OD before
incubation

OD after
incubation

Rate of increase in
caspase enzyme

0.525

0.599

0.074

0.537

0.761

0.224

0.44

0.543

0.103

0.423

0.784

0.361

Table 6. Enhancement of caspase enzyme after treatment with Lglutaminase on HEPG2 and PC3 cell lines.

3.10. Detection of apoptosis by Flow-cytometry using Annexin
kits.
Detection of apoptosis by flow cytometry using Annexin
Kit Shows that the sample stimulate apoptosis pathway because
the following: In the case of HepG2 cell line we find an increase
in percentage of early apoptotic in sample (33.33%) in comparison
with control untreated (5.18%). In the case of PC3 cell line an
increasing percentage was found in early apoptosis in sample
(13.82%) in comparison with control untreated (1.58%).

4. CONCLUSIONS
So, according to the results of this study, restraint of the
tumor cells uptaking of glutamine is one of the possible ways to
stop the growth because it will prevent the biosynthesis of its

protein and nucleic acid and this is the best achieved by the
utilization of L-glutaminase that reduce the viability of cancerous
cells.
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In conclusion, Mucor circinelloides had a remarkable
ability to produce L-glutaminase. The purified enzyme showed a
unique specificity to glutamine, broad pH stability and low

immunogenicity, so it could be recommended that L-glutaminase
is a promising antitumor agent.
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