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Abstract: L-glutaminase has recently attracted much attention due to its medicinal and industrial potential. It's an
antileukemic drug with flavor-enhancing properties when used in fermented foods manufacturing. The enzyme
purification was determined by ammonium sulfate precipitation, lon exchange chromatography and gel filtration
chromatography with estimating glutaminase activity and characterization of purified glutaminase in several parameters
such as substrate concentration and reaction time pH, and temperature influence in this study. As a result, glutaminase
is purified in three steps: ammonium sulfate precipitation with 30% saturation, DEAE-Cellulose and Sephacryl S-200.
The specific activity increased to 85 U/mg protein with 4 folds of purification and 18% enzyme recovery. When
glutaminase was incubated in the presence of 150 millimolar glutamine at thirty-five centigrade for thirty minutes, the
enzyme reached its maximal activity of 1.8 u/ml, in the presence of a 0.05 Molar potassium phosphate buffer solution, at

pH 8.

Kex words: Cagsicum anoum, ﬁlutaminase, enzyme activity, glutaminase puirification.

Introduction

Enzymes have a critical role in preserving and main-
taining financial, commercial, and industrial products since
they are crucial in several biological and non-biological pro-
cesses. They cover all metabolic responses and increase
the response rate without affecting the end product'. Gluta-
minase is a hydrolytic enzyme that breaks down Lglutamine
into L-glutamic acid and ammonium ions. It is essential for
nitrogen metabolism?.

Because of its medicinal and commercial implications,
L-glutaminase has gotten much attention. Due to its acce-
lerated hydrolysis conversion of glutamine to glutamic acid
and ammonium, glutaminase is employed in the food servi-
ce sector as a taste enhancer that raises glutamic acid con-
tent®4. The therapeutic and industrial applications of L-glu-
taminase have received much interest. It's an antileukemic
drug with flavor-enhancing properties when used in fermen-
ted foods manufacturing. Microorganisms (such as fungus
and bacteria), animal tissues and Plants all have glutami-
nase activity. Gawlik-Dziki® employed it in cancer enzyme
treatment, particularly for acute lymphocytic leukemia.

Glutaminase is also utilized to flavor foods, particularly
in the sauce of soy and other Asian industry. Microbial glu-
taminase has found new applications in clinical analysis and
even metabolite manufacturing hence advances in biotech-
nology's utilized in biosensors to detect glutamine quantities
in human and hybridoma cell cultures without needing to
measure glutamic acid separately®. Submerged fermenta-
tion (SmF) is used to produce glutaminase for commercial
purposes. SSF has also proven to be a viable strategy for
creating a variety of bioprocesses, including the large-scale
production of industrial enzymes* Green pepper fruits are
one of the world's most extensively consumed veggies. Pe-
pper fruits are renowned for their vitamin C and A content

and their mineral content. As a result, a daily fruit intake of
60-80 g can deliver a hundred percent and twenty-five per-
cent of the daily vitamin A and C requirements.

Furthermore, this horticulturist's creation has consi-
derable amounts of antioxidant compounds beneficial to
one's health., including carotenoids, flavonoids, and other
polyphenols, among others’. When compared to microorga-
nisms, plant sources are natural and readily available sour-
ces of enzymes. They don't pose any risks and require less
caution when handling®. As a result, using plant sources
for enzyme extraction is safe and straightforward. So the
primary goal of this research is to look into the production
of capsicum annum and establish its L-glutaminase activity
and purification, then characterization it.

|
Materials and methods

Crude Extract

Glutaminase extracted According to Barbaree®; gluta-
minase was isolated from the plant by homogenizing 20 g
of plant material in six volumes of sodium phosphate buffer
0.05M, pH 8, including sodium chloride 1.5 M, PMSF 1 mM,
EDTA 1 mM, and glycerol 10% (w/v), and centrifuging for
twenty minutes at 1000 revolutions per minute. The super-
natant was thought to contain a raw enzyme.

Purification

This step was accomplished by ammonium sulfate pre-
cipitation. Ammonium sulfate was added to the extract en-
zyme liquid with gradual saturation ratios ranging between
20% to 80%. The precipitate of each saturation ratio was
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dissolved in a suitable volume of 0.02 M phosphate buffer
at pH7. The sample was dialyzed overnight at 4°C against
phosphate buffer. Dialyzed sample concentrated on sucro-
se and stored at 4°C™°.

DEAE-Cellulose

Column of DEAE-cellulose (19 x 1.9 cm) was equi-
librated with 20mM Tris-HCI buffer, pH 7.0, before being
loaded with the concentrated crude extract. Different con-
centrations of NaCl prepared in the same buffer at a 1 mL/
min flow rate were used to elute the enzyme, and 3mL frac-
tions were collected.

Sephacryl S-200

Glutaminase (peak with maximum activity) was applied
to a Sephacryl S-200 column (88 x 0.7cm) that had been
pre-equilibrated with the same buffer at a flow rate of 0.5mL/
min, and 3mL fractions were collected.

Enzyme Assay

Assay for enzyme According to (13), glutaminase was
determined using the Nesslerization method, which involves
the conversion of L-glutamine to Ammonia and L-glutamate.

Protein concentrations in crude extracts of plant and
enzyme concentration were assayed using Bradford's te-
chnique™.

Characterizations of glutaminase

Bello et al.”? investigated the Influence of several varia-
bles on purified glutaminase activity.
Effect of glutamine concentration

Glutaminase activity was determined by incubating
it with various glutamine concentrations (25,50, 100, 150,
200, and 250mM), and then the level of activity was establi-
shed using Novak and Philips' method™.

Effect of reaction time

The enzyme activity of the purified enzyme was measu-
red after different incubation durations (15, 30, 45, 60, and
ninety minutes) at thirty-seven centigrade.

Effect of pH on activity and stability of glutaminase

The optimum pH for maximum glutaminase activity was
determined by performing an enzyme activity assay at di-
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fferent pH values ranging from 7.5 to 9. For that purpose, 1
% glutamine was prepared by the 0.02 M phosphate buffer
(pH 7.5 to 9). Reaction mixtures were incubated at 35°C
for 30 min, and the activity of glutaminase was measured
as described above. The effect of pH on glutaminase sta-
bility was determined by pre-incubating the enzyme without
substrate at different pH values (7.5 to 9) using different
phosphate buffer pH. The residual glutaminase activity was
determined according to the assay procedure.

Effect of temperatures on activity and stability of
glutaminase

The effect of temperature on the glutaminase activity
was determined by incubating the reaction mixtures at di-
fferent temperatures ranging from 25 to 40°C. After incuba-
tion, glutaminase activity was assayed. Pre-incubating the
glutaminase enzyme without substrate at various tempe-
ratures was used to examine the Influence of temperature
on glutaminase stability (25, 30, 35 and 40). The residual
glutaminase activity was determined according to the assay
procedure

|
Results

Several purification procedures were set up to get pu-
rified enzymes for further characterization research. This
study used seven percentages of saturation ratios to achie-
ve ammonium sulfate precipitation. Figure (1) shows that
as the ammonium sulfate precipitation ratio increased, the
specific activity of the enzyme dropped, with the optimal va-
lue being 30%.

Table 1 summarizes the findings of glutaminase puri-
fication steps. The chromatography elution profile on the
DEAE-cellulose column figure (2) revealed two peaks of
proteins. Peak two, which had the highest glutaminase acti-
vity, was loaded onto a Sephacryl S-200 column. As shown
in figure (2), one protein peak occurred during the washing
stage, and another peak appeared following elution with so-
dium chloride gradient concentrations.

The absorbance at 280 nm of each eluted fraction was
used to detect these two protein peaks. The activity of gluta-
minase was measured in the second protein peak. The se-
cond peak eluted in fractions 37 to 51 had enzyme activity
of 1.5, according to the results shown in figure (2).

After elution with phosphate buffer, just one peak (frac-

Figure 1. Precipitation of enzyme at
different ratios of ammonium sulfate
saturations.
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Figure 2. lon exchange chromatography(Column of DEAE-cellulose (19 x 1.9 cm) was equilibrated with 20mM Tris-HCI

buffer, pH 7.0, flow rate 1 ml/min.
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Figure 3. Gel filtration of glutaminase Sephacryl S-200 column (88 x 1.6 cm) equilibrated with the same buffer at a flow

rate of 0.5mL/min, and 3mL fractions were collected.

tions 16 to 28) representing glutaminase activity appeared,
and enzyme activity reached 1.8 u/ml, as shown in figure
(3).

Finally, the protein concentration, enzyme activity, and
specific activity in this concentrate were 0.04,1.8, and 45,
respectively, with a purification fold of 4 and an enzyme
yield of 200 percent, as shown in table (1).

Characterization Of Glutaminase

The concentration of the substrate

The glutaminase activity rose progressively as the
content of L-glutamine increased, according to the results
shown in figure (4). When the substrate concentration was
150mM, glutaminase activity was 1.8 U/ml; Activity of Gluta-
minase was 1.8 U/ml at this concentration.

Reaction time has an effect

The ideal reaction time was 30 minutes, and the enzy-
me activity was 2 units per milliliter, as shown in figure (5).

The effect of pH

The effect of pH on Capsicum annuum glutaminase ac-
tivity was examined. When the pH of the reaction mixture
was increased to 8.0, the highest glutaminase activity was
found, and the activity of the enzyme was three units per mi-
lliliter at this pH, as in figure (6). Glutaminase was more sta-
ble and kept all its activity at pH 8, as illustrated in figure (7).

Temperature's Influence

Different temperatures (25, 30, 35, and 40°C) were uti-
lized to find the optimum enzymatic reaction temperature
for the activity of glutaminase isolated from the Capsicum
annum.

When the temperature of the reaction mixture was
elevated to 35°C, the highest activity of glutaminase was
achieved, as shown in figure (8). At this temperature, the
enzyme activity was increased to 5 Units per ml. The hi-
ghest glutaminase activity in most species was discovered
to be at 37°C2.

Increases or decreases in the temperature of the incu-
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Protein . i .,
Volume concen- En;:.}- me Tota'l R,C“‘L Enz'} me Spe.c 1§‘ic' Fold Yield
Step (ml) tration activity ity activity Activity Purification (%)
T
(ng/ml) (U/ml) (U) (U/ml) (U/mg)
Crude extract 300 0.08 0.9 270 0.9 11.25 1 100
Ammeonium
sulfate 170 0.06 1.4 238 14 233 2.07 88
precipitation
30%
Ton exchange chro- 45 0.05 15 675 1.5 30 2.6 25
matography
Sephacryl S-200 27 0.04 1.8 48.6 1.8 45 4 18

Table 1. Purification steps of glutaminase from Capsicum annum.
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Figure 8. The best temperature for glutaminase activity.

bation chamber above or below the ideal temperature, on
the other hand, result in a drop in enzyme activity.

These fluctuations in asparaginase activity revealed
that the optimal temperature for maximum activity of the
asparaginase reaction was 37°C, with activity decreasing
when the temperature was above or below the optimum.
A nonlinear relation between glutaminase and temperature
stability was detected in figure (9).

|
Discussion

These findings were confirmed by (14), who discove-
red that enzyme activity and substrate concentration have
a positive connection fand that when the asparaginase con-
centration was constant, the reaction rate increased with
increasing substrate concentration until the maximum rate
was reached (steady-state), after which the increase in
substrate concentration had no effect on the rate of reac-
tion and had no significant effect. [ There are no enzyme
molecules in a steady state. Free to act on molecules that
aren't substrates. Furthermore, substrate inhibition might
develop when there is an excessive amount of substrate
in the reaction mixture; substrate inhibition might develop,
according to Figure (4). When the glutamine concentration
was 150mM, glutaminase generated by the Capsicum an-
nuum attained a steady state.

According to previous findings, glutaminase binds
substrate properly in the reaction mixture after 30 minutes

of incubation, resulting in maximum enzyme activity. Accor-
ding to (16), time is an essential factor in determining enzy-
me activity; hence methods with short incubation durations
are preferred when evaluating enzyme activity.

Most plant asparaginases have been found to have
their highest activity at alkaline pH ranges, such as 7.5, 8.0,
and 8.5". Most plants have their highest enzyme activity at
or near neutral pH5. The most significant activity of E. coli
asparaginase was observed at alkaline pH, which is most
likely related to aspartic acid and aspartate balance. Be-
tween pH 7.5 and 8, moreover half of its activity was preser-
ved. Although maximum activity at physiological pH is one
of the requirements for anticancer activity in L-asparagina-
se, the purified enzyme would be helpful because it kept 80
percent of its activity at pH 7.5. The range of temperature
was selected to study its Influence and was shown to be the
most conducive to enzyme activity'®. When incubated for up
to 24 hours at pH 8, the enzyme showed stability, retaining
100% of its initial activity (7). The pH optimum of L-aspara-
ginases from various plants, on the other hand, ranged from
8.0t0 8.5,

L-aspartic acid has a stronger preference for the enzy-
me's active site at an acidic pH. pH fluctuations are caused
by changes in the concentration of hydrogen ions (H+) in
the reaction mixture; This can lead to significant alterations
in the protein's three-dimenttional structure, resulting in en-
zyme destruction®. The Influence of pH on enzyme activity,
on the other hand, was caused by its effect on the ioniza-
tion state of the substrate’. In these circumstances, It acts
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Figure 9. Stability of purified gluta-
minase at different temperatures.
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as a competitive deterrent[In an alkaline pH environment,
the equilibrium swings in favor of glutamate. Which has a
lower affinity for the active site enabling; in this instance, the
interaction with the substrate L-glutamine is more advanta-
geous'?. In this situation, the link with the substrate L-glu-
tamine is well balanced'®. Bello'? discovered that polyphe-
nol oxidase from Irvingia gabonnensis works best at pH 8.0.

Up to 180 minutes of incubation time was tested on the
crude extract of chitosanase activity from pepper leaves
and Opuntia peels. The chitosanase activity from pepper
leaves was found to rise as the reaction time increased up
to 180 minutes at 40°C. The activity of chitosanase and the
reaction time are proportional. Similarly, chitosanase from
opuntia peels increased as the reaction time was extended
up to 120 minutes at 40°C 11. After 1 hour of incubation at
37°C, the enzyme activity remained steady. After incubation
for 15 minutes 20, asparaginase from Vigna. unguiculata
was stable up to 40°C. After incubation at 40°C and 450°C,
asparaginases from Pectobacterium carotovorum and Cap-
sicum annuum kept their initial activity for 60min, respecti-
vely?'.

|
Conclusions

Glutaminase was purified in three steps; first 30% satu-
ration of ammonium sulfate precipitation, second DEAE-Ce-
llulose chromatography, and sephacryl S-200 chromatogra-
phy. When glutaminase was incubated for 30 minutes at
35°C in the presence of 0.05 molar potassium phosphate
buffer solution at pH 7, it was incubated with one hundred
fifty mili molar glutaminethe enzyme's maximum activity
was 1.8 unit per ml.
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