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Production, Purification and Characterization of L-glutaminase from
Pseudomonas sp. GPB-06
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Abstract: Enzymes serve as remarkably efficient biological catalysts synthesized by living organisms, playing a crucial
role in various metabolic processes both within and outside the cell. They accelerate the rates of a diverse array of
chemical reactions essential for sustaining life. L-glutaminase(EC.3.5.1.2), a member of the amidohydrolase family,
is responsible for catalyzing the deamination of L-glutamine which results in the generation of L-glutamic acid and
ammonia. Notably, L-glutaminase exhibits wide distribution across the biological spectrum, being found in microorgan-
isms to mammals. The purification of L-glutaminase from Pseudomonas sp. GPB-06 was achieved through a two-step
process. Initially, cell disruption was carried out using a Bead-Beater in five cycles. Subsequently, the membrane-free
enzyme extract underwent an initial precipitation step at 30% ammonium sulphate saturation to eliminate contaminating
proteins and a final cut at 80% saturation resulting in the precipitation of the target protein. Dialysed enzyme was
further purified using DEAE ion exchange chromatography which resulted in 1.66-fold purification, with a respectable
41.15% yield. The purified protein was identified as a monomer, comprised of subunits with a molecular weight of 41
kDa each. Characterization of the purified L-glutaminase revealed its optimal activity in a 100 mM potassium phosphate
buffer at pH 7.0 and a temperature of 30oC. The enzymatic properties of the purified L-glutaminase from Pseudomonas
sp. GPB-06 included a Vmax of 144.92 µmole/min/mg protein. Furthermore, the Km values for L-glutamine were
determined to be 0.6 mg/ml.
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I. INTRODUCTION

Enzymes serve as highly efficient biological cata-
lysts produced by living organisms, participating in all
metabolic processes both within and outside the cell.
They significantly enhance the rates of a diverse range of
chemical reactions essential for life [1]. L-glutaminase

(EC.3.5.1.2) is a member of the amidohydrolase family,
catalyzing the deamination of L-glutamine and result-
ing in the production of L-glutamic acid and ammonia.
This enzymatic activity is widespread, being observed
across a spectrum from microorganisms to mammals [2].
Glutamic acid is recognized as a significant amino acid,
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contributing not only to the pleasant taste of "Umami"
but also to the nutritional qualities of food. Consequently,
the incorporation of safe starter cultures with glutaminase
activity into fermented sausages is desirable. This en-
zyme acts on L-glutamine, which is present in relatively
high amounts in the fresh mix, generating ammonia as
a neutralizer of acidity and L-glutamate as a flavour en-
hancer [3]. In soil, L-glutaminase facilitates the release
of ammonium into the inorganic nitrogen pool through
the breakdown of L-glutamine [4].

The quest for L-glutaminase with properties suit-
able for application as an antileukemic and/or flavour-
enhancing agent remains ongoing [5]. The therapeutic
and industrial significance of L-glutaminase necessitates
not only the discovery of new and more productive mi-
crobial strains but also the development of economically
viable bioprocesses for its large-scale production [6]. The
utilization of L-glutaminase enzymes as a drug has gained
considerable importance [7]. L-Glutamine serves as an
efficient carrier for the transport of nitrogen and carbon
skeletons among various tissues within a living organ-
ism. Tumour inhibition operates through the suppres-
sion of both nucleic acid and protein synthesis in tumour
cells. One potential strategy to impede tumour growth
involves the specific inhibition of glutamine uptake by
tumour cells. L-Glutaminase induces selective death in
glutamine-dependent tumour cells by depriving them of
L-glutamine, making it an effective agent in the treatment
of acute lymphocytic leukaemia and HIV [8].

L-glutaminase also finds applications as a biosensor
and analytical agent. It is utilized for analysing the L-
glutamine content in culture mediums and determining
reaction rates in threonine synthesis [9]. Moreover, the
enzyme plays a role in regulating cerebral concentrations
of glutamine and glutamate, crucial in processes like am-
monia detoxification [10]. Microbial enzymes contribute
significantly to the diagnosis, treatment, biochemical in-
vestigation, and monitoring of various diseases [11]. The
production of enzymes for pharmaceutical use constitutes
a pivotal aspect of today’s pharmaceutical industry [12].

Microorganisms stand out as an excellent source of
numerous therapeutic enzymes due to their substrate
specificity, diversity, and amenability to genetic manipu-
lation. The majority of enzymes presently employed in in-
dustry originate from microbial sources. L-glutaminases
are widespread in the biological realm [13]. In mi-
croorganisms, glutaminases have been identified in nu-
merous species, encompassing both gram-positive and
gram-negative bacteria, as well as yeasts and fungi [14].
Nonetheless, bacteria exhibit the capability to produce
higher amounts of L-glutaminase during their minimum

growth, making them preferred candidates for large-scale
industries as highly potent strains [15]. The synthesis of
L-glutaminase has been documented in various bacterial
genera, with a notable presence in terrestrial sources such
as E. coli, Pseudomonas sp., Acinetobacter, and Bacillus
sp. However, reports on the screening of bacteria as po-
tential sources of L-glutaminase producers are currently
limited to specific localities [16].

L-glutaminase has garnered significant attention due
to its broad applications in pharmaceuticals, serving as an
anti-leukemic agent and an efficient anti-retroviral agent.
Additionally, it is employed for the production of spe-
cialty chemicals like theanine through c-glutamyl transfer
reactions [17]. In Pseudomonas sp., recombinant glutam-
inase has been patented for its activity against cancer and
HIV virus therapy [18]. Cancer, particularly leukaemia,
remains a global challenge, and despite sincere efforts
in the past, the search for efficient drugs to address this
issue continues worldwide.

The advancement of biotechnology has opened up
new applications for microbial L-glutaminases in clinical
settings and the production of metabolites. Notably, L-
glutaminase has emerged as a substitute for Monosodium
Glutamate (MSG) in enhancing the taste of Chinese foods.
Concurrently, microbial L-glutaminases have garnered
significant attention for their role in food flavouring, par-
ticularly in industries related to soy sauce in the orient.
This interest has sparked a quest for industrial sources of
enzymes [19]. In present study, we reported production,
purification and characterization of L-Glutaminase from
Pseudomonas sp.

II. MATERIALS AND METHODS
A. Chemicals

All chemicals employed in the experiments were of
analytical grade. The media components and other fine
chemicals used throughout the experiments were acquired
from HI-Media, Mumbai, India and Sigma, USA.

B. Microorganisms and Cultural Conditions
Microorganisms producing L-glutaminase were iso-

lated from various regions of Himachal Pradesh, In-
dia. Isolates were further screened quantitatively for
L-glutaminase production through submerged fermen-
tation and assessing enzyme activity. In this process, soil
samples were added to enrichment medium (Soya Pep-
tone 0.5%, Yeast Extract 0.2%, Beef Extract 0.1%, NaCl
0.5%, L-glutamine 1.0% w/v, pH 7.0) and after incuba-
tion each sample were serially diluted and spread over
nutrient agar (NA) plates at pH 7.0 and potato dextrose
agar (PDA) plates at pH 5.5 to isolate bacterial and fungal
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strains, respectively. Colonies exhibiting diverse shapes,
sizes, and colours were selected, and pure cultures were
established by streaking single colonies on NA and PDA.
Various bacterial and fungal strains were cultured in nutri-
ent broth and incubated at 30oC for 24 to 74 hours at 150
rpm. Samples were harvested after every 24 hours and
centrifuged at 10,000 g for 10 minutes at 4oC. Both the
pellet and supernatant were assayed for enzyme activity,
and the isolate demonstrating the highest activity was
chosen for further study.

C. Enzyme Production

The selected isolate GPB-06 was cultivated in produc-
tion medium comprised Soya Peptone 0.5, Yeast Extract
0.2, Beef Extract 0.1, NaCl 0.5, and L-glutamine 1.0 (%,
w/v), with a pH of 7.0 [20]. Filter sterilized L-glutamine
was added to medium after autoclaving. Twenty-four
hr aged seed culture (8% v/v) was added to production
medium and incubated at 30oC for 24 hrs at 160rpm. Af-
ter incubation, contents of individual flasks were then
centrifuged at 10,000 rpm for 15min. at 4oC [16]. Su-
pernatant and cell pellets were thus collected and used
as crude enzyme and were further assayed for enzyme
activity as per protocol mentioned below.

D. Enzyme Assay

The assay for L-glutaminase enzyme was conducted
utilizing a colorimetric method, wherein ammonia forma-
tion was quantified through spectrophotometric analysis.
The Fawcett and Scott method, 1960 [21] was used for
determination of enzyme activity with certain modifica-
tions.

The reaction mixture contained Potassium Phosphate
Buffer, 0.1M, pH 8.0 (900µl), enzyme (whole resting
cells suspensions) 50l, substrate (0.1M L-glutamine)
50µl. This reaction mixture was incubated at 35oC for 5
min in a water bath shaker and the reaction was stopped
by the addition of 1 ml of 0.1N HCl. A control was
also prepared by omitting the enzyme (cell suspensions),
which was added after the reaction was stopped to con-
sider the auto hydrolysis of substrate. The reaction mix-
ture was centrifuged at 10,000 g for 10 min, discarded the
pellet and clear supernatant was collected for estimation
of ammonia. To 1 ml of centrifuged reaction mixture
added 2.5 ml each of solution A [Phenol (10g) + Sodium
nitroprusside (50mg) in 1000 ml distilled water] and B
[Sodium hydroxide (5.0g) + Sodium hypochlorite (20ml)
in 1000ml distilled water] and thoroughly mixed and kept
in boiling water bath for 5 minutes for maximum devel-
opment of colour. The absorbance was read at 640 nm.

E. Dry Cell Weight Standard

One millilitre of resting cells with various optical den-
sities (O.D.) was placed in pre-weighed Eppendorf tubes
and centrifuged at 10,000 g for 15 minutes. The super-
natant was carefully poured off, and the pellet was dried
at 80oC until three concordant weights were obtained. A
graph was generated by plotting the dry weight of cells
against their absorbance at 600 nm.

F. Protein Estimation

The protein concentration was determined using the
dye-binding method, commonly known as the Bradford
method in 1976 [22]. This method relies on the inter-
action of Coomassie Brilliant Blue G-250 with proteins.
The binding of the dye to protein induces a shift in the
absorption maximum of the dye from 465 to 595 nm, and
the increase in absorption at 595 nm is then measured.
This assay is highly reproducible and rapid, with the dye
binding process essentially completed in approximately
2 minutes, and it exhibits good color stability for up to 1
hour. Fifty microliters (50 oµL) of the sample (enzyme)
were taken, and 950 oµL of buffer was added if necessary.
To this, 1 mL of Bradford working reagent was added
and mixed thoroughly. The absorbance of the reaction
mixture was measured at 595 nm after 2-5 minutes. A
standard curve for protein was constructed using various
concentrations of BSA (Bovine Serum Albumin).

G. Optimization of Physic-Chemical Parameters for L-
glutaminase Production

The optimal conditions necessary for achieving maxi-
mal growth and L-glutaminase production by the selected
strains were determined through subjecting them to vari-
ous experimental conditions. These conditions included
different incubation temperatures, pH levels, substrate
concentrations, NaCl concentrations, additional carbon
and nitrogen sources along with their respective concen-
trations, inoculum size in the growth media, and varying
incubation periods.

H. Enzyme Purification

The purification of L-glutaminase from Pseudomonas
sp. GPB-06 was undertaken to investigate its biochemi-
cal characteristics. All enzyme purification experiments
were conducted at 4oC, employing a potassium phosphate
buffer (0.1 M). The whole resting cells were disrupted by
using BeadBeaterTM (BioSpec Products, Inc., USA). The
cell slurry (100 ml, 2.50 g dcw) was added to bead beater
chamber (350 ml) half filled with zirconium beads (0.1
mm). A single beating cycle involved 1 min agitation and
1 min rest. The beating chamber was jacketed with ice to
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absorb the heat produced due to high speed rotation of the
impeller. After every cycle, samples were withdrawn and
centrifuged to remove cell debris. The amount of protein
released and acyltransferase activity in the membrane free
extract was determined to check the disintegration effi-
ciency of the method. The cell debris from this mixture
were removed by centrifugation at 20,000 g at 4oC for 30
min. Clear supernatant was collected and filtered through
0.45 m PVDF Durapore membrane (Millipore) using vac-
uum pump. The cell free extract (CFE) was used for the
further purification of enzyme.

The cell free extract was subjected to various satu-
ration/concentration of ammonium sulphate (10-100%).
The ammonium sulphate precipitation protocol (Scopes
1982) was followed to calculate the required amount of
ammonium sulphate to be added in cell free extract. It
was added with continuous stirring and stored at 4oC for
45 min. The precipitated proteins were recovered by cen-
trifugation at 20,000 g for 30 min. and suspended in 0.1
M potassium phosphate buffer (pH 7.5). Protein concen-
tration and L-glutaminase activity were estimated in each
protein samples. Based on the result of the above exper-
iment, an initial cut of 30% was employed to cell free
extract (30 ml) in order to precipitate the contaminating
proteins and the supernatant was given final cut of 80%
ammonium sulphate to precipitate the protein of interest
which was recovered by centrifugation and suspended in
0.1 M potassium phosphate buffer (pH 7.5) and was taken
for further purification of enzyme.

Anion exchange chromatography was performed
using 20 ml of pre-packed DEAE Sepharose column
(HiPrepTM 16/10 DEAE FF, GE Healthcare) at a flow
rate of 1.0 ml/min. The sample obtained after ammonium
sulphate fractionation (8 ml) from the above step was
dialyzed and then applied to the column pre-equilibrated
with 0.1 M potassium phosphate buffer (pH 7.5) contain-
ing 0.1 M NaCl. After loading the protein sample, the
column was washed with 100 ml of above buffer to re-
move the unbound protein and then the bound proteins
were eluted with a linear gradient of NaCl from 0-1.0 M
in 0.1 M potassium phosphate buffer. The length of the
gradient was 200 ml, the flow rate was 1.0 ml/min and the
fraction size was 2.0 ml. The protein concentrations in the
samples were determined by the Bradford method (1976)
[22] with BSA used as a standard. SDS-PAGE [23] analy-
sis of the enzyme-rich fractions obtained from the DEAE
ion exchange chromatography steps was conducted to
assess the purification status of the enzyme.

I. Characterization of Purified Enzyme
The purified L-glutaminase from Pseudomonas sp.

GPB-06 underwent biochemical characterization to com-

pare its properties with those of other reported L-
glutaminases. Various biochemical properties, including
molecular weight, pH and temperature optima, buffer mo-
larity, Km, and Vmax, were investigated for the purified
enzyme.

J. Optimization of Substrate Concentration and Deter-
mination of Km and Vmax of Purified Enzyme

The optimal substrate concentration is crucial for
achieving maximal enzyme activity. Deviating from this
optimum range, either with low or high concentrations
can lead to a decrease in activity. This is attributed to vari-
ations in the binding efficiency of the substrate to the ac-
tive site on the enzyme. Therefore, the effect of substrate
concentration plays a significant role in influencing en-
zyme activity, with both increases and decreases observed
based on the concentration. To optimize the substrate
concentration and determine the Km and Vmax of the pu-
rified L-glutaminase from Pseudomonas sp. GPB-06, the
concentration of L-glutamine was systematically varied
within the range of 25-200 mM. The enzymatic reaction
was conducted at 30oC in a 100 mM potassium phosphate
buffer (pH 7.0) and allowed to proceed for 5 minutes.
Storage stability of enzyme was investigated both at 4oC
and 25oC for 20 days (at an interval of 2 days).

III. RESULTS AND DISCUSSION

A. Screening of L-Glutaminase Producers

By submerged fermentation sum total of 11 bacterial
and 5 fungal isolates showed enzyme activity. Following
the preliminary screening, the identified positive isolates
underwent further cultivation in nutrient broth. The cul-
tures were incubated at 30oC for 24 hours in an orbital
shaker at 150 rpm. Among the isolates, bacterial strain
GPB-06 exhibited the highest L-glutaminase production
(12.12 Units/mg dcw). In contrast, the enzyme produc-
tion was relatively low in the case of fungal isolates when
compared to bacterial isolates.

B. Identification and Characterization of Selected Iso-
late

The bacterial isolate GPB-06 was identified as Pseu-
domonas sp. at the Microbial Type Culture Collection
(MTCC), Institute of Microbial Technology, Chandigarh
(INDIA). Subsequent production and characterization of
L-glutaminase were conducted with Pseudomonas sp.
GPB-06, as this isolate exhibited the highest enzyme ac-
tivity. On nutrient agar plates, Pseudomonas sp. GPB-06
forms cream-colored colonies after 24 hours of incubation
(Figure 1).
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Fig. 1. Morphological characteristic from Pseudomonas sp. GPB-06 on nutrient agar plate (24 h).

C. Optimization of Various Production Parameters

Various physico-chemical parameters, including the
selection and optimization of the growth medium, opti-
mization of production pH, temperature, inoculum size,
incubation time and the role of an inducer, were sys-
tematically optimized to achieve the optimum growth
and production of L-glutaminase from Pseudomonas sp.
GPB-06. The bacterium was cultivated in eight different
media known for L-glutaminase production. The results
indicate that the medium with a pH of 7.0, comprising
soya peptone (0.5% w/v), L-glutamine (0.2% w/v), D-
maltose (0.5% w/v), and a 2% (w/v) inoculum, was found
to be the most suitable for L-glutaminase production at
25oC. The investigation focused on assessing the impact
of various carbohydrates (Sucrose, Fructose, Glucose, Xy-
lose, Galactose, Lactose, and Maltose) on the production
medium to determine the carbon source that yields max-
imum activity. Notably, D-Maltose emerged as the sole
optimized carbon source, with highest activity at 16.39
U/mg dcw. Interestingly, findings by Sahu and Gupta,
2017 [24] diverged from the current study, as they identi-
fied fructose as the best carbon source, yielding 156.025
U/ml, while sucrose resulted in 13.375 U/ml. In contrast,
the present study reported the lowest yield when lactose
was used as a sole source of carbon, with an enzyme
activity of 10.646 U/ml. This differs from the work of
Makky et al., 2013 [25], where lactose supported opti-
mum enzyme production from Bacillus KK2S4, resulting
in an enzyme activity of 0.315 U/ml. These variations
underscore the complexity of carbon source influence
on enzyme activity and highlight the need for a nuanced
understanding of such interactions in diverse microbial
systems.

The optimization process for L-glutaminase produc-

tion involved supplementing the medium with various
concentrations of D-Maltose, revealing that at 0.07%
(w/v), the highest activity was achieved at 17.2 U/mg
dcw. In a study by Hiremath et al., 2011 [16], glucose
supplementation at a concentration of 10g/l resulted in
the highest L-glutaminase activity, reaching 58.4 U/ml.
Similarly, El-Sayed, 2009 [26] identified glucose as the
optimal carbon source for L-glutaminase activity, report-
ing a maximum activity of 35 U/ml. These findings un-
derscore the significance of carbon source concentration
in influencing L-glutaminase production, with D-Maltose
at 0.07% (w/v) demonstrating promising results in the
present study compared to glucose concentrations used
in other investigations.

Initially, nitrogen sources such as yeast extract, soya
peptone, and beef extract were employed. To explore the
impact of alternative organic nitrogen sources, various
nitrogen sources were introduced. It was revealed that
Soya peptone emerged as the most effective, yielding
the highest activity at 18.2 U/mg dcw. In contrast, for
Streptomyces sp., Desai et al., 2016 [27] identified the
substrate L-glutamine as the nitrogen source providing
the maximum enzyme activity of 33.1 U/ml. This demon-
strates the diversity in nitrogen source preferences among
different microorganisms and underscores the importance
of tailoring the nitrogen component based on the specific
requirements of the organism under study.

In the investigation of various concentrations of soya
peptone, Pseudomonas sp. GPB-06 exhibited the highest
enzyme activity of 21.3 U/mg dcw when soya peptone
was utilized at a proportion of 0.6% (w/v). Contrastingly,
Kiruthika and Saraswathy, 2013 [28] reported soyabean
meal as an optimized source at a concentration of 2%,
resulting in an enzyme activity of 300 U/ml from Vibrio
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azureus JK-79. These findings highlight the significance
of both the nitrogen source and its concentration in in-
fluencing enzyme activity, showcasing the variability in
requirements among different microbial strains.

During the exploration of various concentrations of
L-glutamine for L-glutaminase production from Pseu-
domonas sp. GPB-06, the maximum enzyme activity
of 22.7 U/mg dcw was observed at a concentration of
0.2%. In contrast to the current findings, Hamed and
Al-wasify, 2016 [29] reported that a lower concentration
of L-glutamine, specifically 0.025%, was found to be
optimal for achieving maximum activity from Fusarium
oxysporum. These results underscore the importance of
fine-tuning nutrient concentrations to meet the specific
requirements of individual microorganisms, emphasizing
the need for a tailored approach in optimizing culture
conditions for enzyme production.

In the context of L-glutaminase production from Pseu-
domonas sp. GPB-06, the investigation revealed that the
maximum enzyme activity, reaching 25.27 U/mg dcw,
was achieved at a 0.2% NaCl concentration. In a similar
study, Desai et al., 2016 [27] have also reported the op-
timal L-glutaminase production from Streptomyces sp.,
with a 0.1% NaCl concentration. These findings highlight
the nuanced nature of salt concentration optimization, em-
phasizing the need to tailor such conditions based on the
specific microbial strains under consideration.

Following optimization, it was determined that in-
cubation at 25oC (pH 7.0) for 24 hours was optimal for
Pseudomonas sp. GPB-06, exhibiting the highest enzyme
activity of 26.4 U/mg dcw among different temperature
ranges. According to [2] the isolate Streptomyces praten-

sis NRC 10 demonstrated improved growth and enzyme
production at 25oC, pH 7.5, after 4 days of incubation.
Similarly, another investigation on L-glutaminase produc-
tion from Pseudomonas VJ-6, conducted by [16] iden-
tified the optimum temperature as 25oC, resulting in a
yield of 79.23%. These findings collectively underscore
the significance of temperature optimization and its im-
pact on enzyme production, showcasing the preference
for 25oC in different microbial systems.

In the present study, the optimized pH range was
determined to be 7.0 (neutral pH), resulting in the max-
imum activity of 29.24 U/mg dcw. In contrast [30] re-
ported that the optimal activity of L-glutaminase from
Pseudomonas aeruginosa was observed at an alkaline pH
range of 7.5-9.0. These differing pH preferences high-
light the diversity in enzymatic characteristics among
microbial strains and underscore the importance of pH
optimization based on the specific requirements of the
organism under investigation.

The highest L-glutaminase production by Pseu-
domonas sp. GPB-06 was achieved with a 2% (v/v) inocu-
lum size, resulting in a maximal activity of 32.72 U/mg
dcw, as indicated in Table 1. According to [31] there is
little evidence that maximal L-glutaminase production at
a 2% (v/v) inoculum size when utilizing wheat bran and
sesamum oil cake. These consistent results highlight the
importance of inoculum size as a critical parameter influ-
encing L-glutaminase production across different studies.
Production profile of L-glutaminase revealed that enzyme
yield increases with increase in incubation period but
up to 28 h (37.58 U/mg dcw) only thereafter decline in
enzyme was observed (Figure 2).

Fig. 2. Grwoth and production prifile of L-glutaminase from Pseudomonas sp. GPB-06.
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TABLE 1
OPTIMIZATION OF VARIOUS PRODUCTION PARAMETERS FOR L-GLUTAMINASE FROM PSEUDOMONAS SP.

GPB-06
Optimized Parameter Enzyme Activity (U/mg dcw)
Carbon source (Maltose) 16.39
Carbon source concentration (0.07%) 17.2
Organic Nitrogen source (soya peptone) 18.2
Nitrogen source concentration (0.6%) 21.3
Substrate concentration (0.2%) 22.7
NaCl concentration (0.2%) 25.27
Production temperature (25) 26.4
Production pH (7) 29.24
Inoculum size (2%) 32.72

D. Enzyme Purification
The purification of L-glutaminase from Pseudomonas

sp. GPB-06 was achieved through a two-step process. Ini-
tially, the cells were disintegrated using Bead-Beater up
to five cycles. Highest specific activity (36.02 U/mg pro-
tein) was obtained after five beating cycles after which
decline in specific activity was observed. Later beating
cycles resulted in an increase in the protein release from
the cells but at the same time decline in enzyme activity
was also observed due to denaturation of enzyme. Thus
five beating cycles were performed for the disruption of
the Pseudomonas sp. GPB-06 cells. The results of the
optimization of cell disruption by Bead BeaterTM are
shown in (Figure 3). The resulting membrane-free en-
zyme extract underwent an initial cut of 30% ammonium
sulphate saturation to eliminate contaminating proteins,
followed by a final cut of 80% ammonium sulphate to
precipitate the protein of interest. Subsequently, after
dialysis, the enzyme was further purified through DEAE

ion exchange chromatography. The purification process
yielded a purification fold of 1.66 with a 41.15% yield.
The purified protein was identified as a monomer with a
subunit size of 41 kDa as shown in (Figure 4). Following
the loading of the protein sample, a thorough wash was
conducted using 100 ml of potassium phosphate buffer
to eliminate any unbound proteins. Subsequently, the
bound proteins were eluted by applying a linear gradient
of NaCl (ranging from 0 to 1.0 M) in a potassium phos-
phate buffer (0.1 M). The gradient spanned a length of
200 ml, with a flow rate of 1.0 ml/min and fractionation
at 2.5 ml intervals. The resulting protein elution profile
and the corresponding L-glutaminase activity within the
collected fractions are depicted in (Figure 5). Although a
very high specific activity was shown by fractions 35-39,
maximum activity was recorded in 37th fraction (60.08
U/mg proteins). Purification profile of L-glutaminase
from Pseudomonas sp. GPB-06 is summarized in Table
2.

Fig. 3. Profile of protein release and L-glutaminase activity in the membrane free extract during cell disintegration
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Fig. 4. SDS PAGE anlysis for L-glutaminase from Pseudomonas sp. GPB-06 [Lane 1: Molecular Weight Markers; Lane 2: Crude
protein; Lane 3: Dailyzed sample of ammonium sulphate precipitates; Lane 4: Pooled fractions of DEAE]

Fig. 5. Protein elution and L-glutaminase activity profile of DEAE Ion exchange chromatography

TABLE 2
PURIFICATION OF L-GLUTAMINASE FROM PSEUDOMONAS SP. GPB-06

Purification Total activity Total protein (mg) Specific activity Fold purification Yield (%)
Crude 1901.25 39 36.02 1 100
ASP (dialyzed) 943.56 15.99 48.75 1.35 49.62
DEAE-Sepharose 269.15 4.48 60.08 1.66 41.15

E. Optimization of Reaction Parameters and Character-
ization of L-glutaminase

The purified enzyme derived from Pseudomonas sp.
GPB-06 underwent thorough characterization to estab-
lish the optimal reaction parameters. These parameters
included the choice of buffer and its pH, buffer molar-
ity, reaction temperature, substrate concentration, and
the influence of metal ions and solvents, as well as an
assessment of shelf-life.

The investigation involved utilizing the following
buffers to determine the pH optimum for the reaction:
Potassium Phosphate buffer (pH 6.0 - 8.5), Citrate buffer
(pH 3.5 - 6.0), Sodium Phosphate buffer (pH 5.5 - 8.0),
and Acetate buffer (pH 3.0 - 5.5) [Figure 6]. The reaction
was carried out at 30oC for 2 minutes in a 2.0 ml reaction
mixture comprising 0.1 M of the specified buffer, 75 mM
L-glutamine, and the purified glutaminase (diluted as per
requirement). Among the various buffers tested, potas-
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sium phosphate buffer at pH 7.0 yielded the maximum ac-
tivity of 68.45 U/mg. These results closely resemble those
obtained from thermostable L-glutaminase from Bacillus
circulans [32]. The selection of an optimal buffer is cru-
cial for maintaining the enzyme’s stability and activity
under specific reaction conditions. The impact of buffer
molarity on L-glutaminase activity was also investigated
by varying the buffer concentration from 25 to 200 mM in
the reaction. The highest specific activity, reaching 84.67
U/mg, was observed when using 100 mM potassium phos-
phate buffer. This finding emphasizes the importance of
selecting an appropriate buffer concentration to optimize
the enzymatic activity, and the specific activity achieved
with 100 mM potassium phosphate buffer highlights its
effectiveness in supporting L-glutaminase activity.

To assess the impact of reaction time on the activity of
purified L-glutaminase from Pseudomonas sp. GPB-06,
the reaction was terminated at various time intervals rang-
ing from 1 minute to 10 minutes. The enzyme activity
was found to be maximized with a 3-minute incubation
period, reaching 86.35 U/mg. This contrasts with the
findings of [33] who observed a reaction time of 30 min-
utes for Bacillus sp. YJ6. These differences highlight
the variations in optimal reaction times among differ-
ent L-glutaminase enzymes and microbial sources. The
temperature optimum for the purified L-glutaminase of
Pseudomonas sp. GPB-06 was determined by varying the
reaction temperature from 25-50oC. The optimal temper-
ature for L-glutaminase activity was found to be 30oC,
resulting in an activity of 92.88 U/mg. According to [34],
where the temperature optimum for L-glutaminase was
reported to be 32oC. This agreement emphasizes the con-
sistency of optimal temperature ranges for L-glutaminase
activity across different studies.

The enzyme reaction was conducted with varying
doses of L-glutaminase in the reaction mixture, ranging
from 10µg to 100µg. The maximum activity, reaching

110.46 U/mg, was recorded in the presence of 20µg of
the enzyme (Figure 7). Interestingly, a decrease in ac-
tivity was observed upon increasing the concentration
beyond 25µg, which aligns according to [35]. This ob-
servation suggests that there might be an optimal enzyme
dose beyond which further increases do not contribute
to a proportional enhancement in activity. None of the
tested metal ions showed any positive effect on the ac-
tivity of L-glutaminase from Pseudomonas sp. GPB-06
compared to the control shown in (Figure 9). Enzyme
activity was strongly inhibited by Ag and Hg ions which
ascertained the presence of cysteine residues at the active
site of enzyme. The enzyme reaction was also performed
in biphasic solvent systems but no enhancement in L-
glutaminase activity was observed as shown in (Figure
10).

The purified L-Glutaminase from Pseudomonas sp.
GPB-06 displayed a Vmax of 144.92 IU/mg protein, with
a Km value of 0.60 mg/ml, as determined by the Line
Weaver Burk plot using L-glutamine as the substrate (Fig-
ure 11). The enzyme reaction was conducted using vari-
ous concentrations of L-glutamine in the reaction mixture,
spanning from 25 to 200 mM. The maximum activity ob-
served was 118.88 U/mg (Figure 8), and it occurred when
the reaction mixture contained 100 mM of L-glutamine.
Notably, these findings align with previous studies con-
ducted by Muthezhilan et al. 2007 and Sanghi et al. 2010
[36]. Comparatively, earlier reports on L-glutaminase
from A. fischeri indicated a Km of 4.88 mg/ml and a
Vmax of 588 mmol/min/mg [37]. These findings high-
light the differences in substrate affinity and catalytic
efficiency between L-glutaminases from Pseudomonas
sp. GPB-06 and A. fischeri, providing insights into the
enzymatic characteristics of these microbial sources. Stor-
age stability of enzyme was also investigated for both at
4oC and 25oC for 20 days (at an interval of 2 days) as
shown in (Figure 12).

Fig. 6. Optimization of buffer system for purified L-glutaminase of Pseudomonas sp. GPB-06.
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Fig. 7. Optimization of enzyme dose

Fig. 8. Optimization of substrates concentration

Fig. 9. Effect of different metal ions on L-glutaminase activity
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Fig. 10. Effect of different solvents on L-glutaminase activity

Fig. 11. Determinations of Km and Vmax

Fig. 12. Storage stability of L-glutaminase from Pseudomonas sp. GPB-06.
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IV. CONCLUSION
In the current investigation, various microorganisms

sourced from soil underwent quantitative screening for
L-glutaminase production through submerged fermenta-
tion, and the enzyme activity was assessed. A promising
L-glutaminase-producing microorganism was chosen and
subsequently identified as Pseudomonas sp. at the Micro-
bial Type Culture Collection (MTCC), Institute of Micro-
bial Technology, Chandigarh (INDIA), using morpholog-
ical and biochemical characteristics. Subsequent studies
examined the impact of different parameters on enzyme
production by Pseudomonas sp. The L-glutaminase en-
zyme was then subjected to a series of purification steps,
including dialysis, ion exchange chromatography, and
SDS-PAGE, followed by characterization of its various
properties.
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