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Abstract

P. mirabilis was isolated from UTI patient to ensure that the isolate was belonging to P. mirabilis various tests are made such as staining
techniques, biochemical assay, morphological and sensitivity test. The gram stain and biochemical test result show rod pink gram negative
bacteria and ensure that the isolate was belong to (P. mirabilis). Optimization education for bacterial growth were done by used more than
pH and temperature and it was found that the best conditions for the production and increase the number of bacteria at pH 7.7 with bacterial
number and Temperature 37°C cell pellet was re-used as a crude enzymatic extract and discard supernatant cell. Purification of Beta-
Lactamase enzyme was accomplished by using lon exchange and gel filtrations chromatographic techniques. The result shows that, gel
filtration has optimal specific activity and purification fold at (28.71U/mg), purification fold 2.05 times.
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INTRODUCTION

Beta-lactamase Enzymes the most widespread mode of
clinical resistance development to B-lactam antibiotics is the
expression of beta-lactamases that hydrolyze the antibiotic. It
is estimated that $30 billion is the annual economic loss to the
US population from disease caused by beta-lactamase
producing resistant bacteria 1. Beta-Lactamases hydrolyze
the four-membered beta-lactam ring in both penicillin and
cephalosporin classes of antibiotics as well as the carbapenem
series. They thereby destroy the antibacterial activity by
deactivating the chemical properties of the drug molecule,
which is the chemically reactive acylating group for
modifying the active site serine side-chains in the PBPs 2
.Extended spectrum beta-lactamases (ESBLS) are a group of
enzymes produced by certain bacteria that are able to
hydrolyze extended spectrum antibiotics belonging to the
penicillin and cephalosporin groups and
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monobactam. ESBLs are found in Gram-negative bacteria,
especially in enterobacteriacea 3 . ESBL has generally been
defined as transmissible beta-lactamases that can be inhibited
by clavulanic acid, tazobactam or sulbactam, and which are
encoded by genes that can be exchanged between bacteria
4.Extended Spectrum Beta-Lactamases Enzymes (ESBLS)
are often located on plasmids that are transferable from strain
to strain and between bacterial species. Although the
prevalence of ESBLSs is not known, it is clearly increasing,
and in many parts of the world 10-40% of strains of
Escherichia coli and Proteus mirabilis express ESBLs. ESBL-
producing Enterobacteriaceae have been responsible for
numerous outbreaks of infection throughout the world and
pose challenging infection control issues 5.
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The aim of the study Isolation and identification of Proteus
mirabilis bacteria from persons with urinary tract infection.

Purification of the molecular enzyme by ionc exchange
chromatography and gel filtration chromatography.

MATERIALS AND METHODS
Patients, specimens, collection

Through the period extending from November 2021till
December 2021, 40 Clinical specimens comprising from
UTI patients were collected as sterilized containers and then
test the best isolate for growth by spectrophotometer and
was found that the

optimal isolate for enzyme production .

Samples identification

All the bacterial isolates were examined for gram stain
ability (6), shape and color of the cells were observed by
light microscope using oil emersion, the collected specimens
were streak plate technique is used for the isolation into pure
culture of the organisms (mostly bacteria), from mixed
population. The P. mirabilis was streaked over the agar
surface. Some individual bacterial cells are separated and
well-spaced from each other. As the original sample is
diluted by streaking it over successive quadrants and then
incubate at 37°C for 24h., the number of organisms
decreases and will show the bacterial morphology. (7).,
finally biochemical test was done to ensure that the isolate
is belong to Proteus mirabilis . The result deal with (8). As
shown in tablel.

Optimal temperature and pH for the production of
bacteria

The bacterial suspension was cultured once at constant
temperature but different pH (5.5, 7 and 9) and once at
constant pH but different temperature (32, 35 and 37°C) and
measures the absorbance at 556 nm (7). compare the
absorbance with McFarland number. As shown in fig(1).

Extraction of enzyme

Taken 500ml of production broth transported it into cooling
centrifuge tubes, at

10000 rpm the bacterial cells were centrifuged for 15
minutes at 4°C. The suspension was disrupted by ultra-
sonicater in an ice-water bath for 15 min. The disrupted cell
suspension was centrifuged at 5000 g at 4°C for 15 min. The
resulting supernatant represented the crude enzyme extract
which was stored at -20°C until use (9).

Detection of B-lactamase activity

Beta-lactamase activity was determined by a micro-
iodometric assay according to the modification method
described by (10)(11). The reaction mixture (total volume
(1325ul)) consisted of:

a. Starch-iodine reagent 1000 pl was added to.
b. Penicillin-G 25 ul .

c. Crude or pure enzyme 100 pl .

d. Starch solution 200 pl .

These components were mixed in small test tubes, blue color
developed immediately due to the reaction of iodine with
starch. Rapid decolorization indicated f-lactamase
production. Control solution was made up by replacing the
enzyme in a phosphate buffer solution, and the absorbance
was read spectrophotometrically at 620 nm.

International Unit (IU): Is the amount of enzyme needed to

hydrolyze 1pmol of penicillin G per minute at 25 °C and pH
7.0.

AE x 121.9
At x 1
AE : change between blank and test.

Enzyme activity(U\ml) =

At : change the time of reaction

Determination of protein concentration

Protein concentration was determined according to the
method of(12), the protein concentration determined. A 20ul
of GTF crude was mixed with 50ul of 1 M NaOH with
shaking for 2-3 minutes then 1 ml of Bradford solution, was
added with shaking. The absorbance was measured at 595 nm
by spectrophotometer (13).

Determination of specific activity

The Specific Activity of an enzyme was calculated as the
following :
specific Activity(Unit\mgprotein)
B Enzymeactivity(U\ML)
" Proteinconcentration(mg\ml)

Beta_lactamase enzyme produced by Proteus mirabilis in the
cultures broth was subjected to a purification protocol. After
that estimate the enzyme activity in crude supernatant. The
enzyme activity 10.50 unit/ml and specific activity 14.00
unit/mg. The purification involved by ion exchange and gel
filtration
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Separation of enzyme through ion exchange resin
(DEAE Cellulose)

The exchanger DEAE cellulose was prepared and packed
into column following the method described by (15) .

Twenty five gram of DEAE-cellulose was suspended in
1000 ml of distilled water and left for a time to precipitate.
The floating flakes were removed away from the solution
until the upper layer was cleared, then filtrated by using a
vacuum pump. The precipitate was suspended in 250ml of
(0.25M NaCl , 0.25M NaOH) solution, filtered and washed
several times with distilled water then washed with 250ml
of (0.25M) HCI. The column was mobilized in an ionic
exchanger DEAE cellulose to get a dimensions (2.5x20)cm
and was balanced with phosphate buffer solution .

The dialysate was loaded onto anion exchange DEAE-
cellulose column with a diameter of (2.5x20) cm.
Equilibration was done with 0.05M phosphate buffer pH 7.0.
The enzyme loaded column was washed with 500ml of the
same buffer to remove unbound sample components.

Partially purified concentrated Beta-lactemase enzyme were
separately passed after loaded onto the column carefully.
Then, (100ml) of (0.05mM) phosphate buffer pH (7.0) was
added. Proteins were eluted by using (200 ml) of a stepwise
salt concentration from (0.125-1.0 M) in 0.05mM phosphate
buffer (pH 7.0). Fractions of (5ml) were collected and
absorbency was monitored at (280nm). The presence of the
Beta _lactamase enzyme was estimated from each fraction
of the major peaks then protein concentrations were
determined.

Enzyme separation through Sephacryal $-200
Column

Sephacryl-S200 column (1.5x80cm) was prepared and
packed according to the instructions of the manufacturing
company (pharmica Sweden). The column was equilibrated
with phosphate buffer (pH-7.0; 0.05M). Enzymes fraction
from DEAE-cellulose was concerted by sucrose then pooled
and passed through gel filtration column. A (5ml) sample of
each concentrated enzyme was added to the column by
carefully using pasture pipette. For the elution of phosphate
, bml fraction was collected of each enzyme activity and
estimated by measuring the absorbance at 620nm.

Effect of pH on enzyme activity

The effect of pH on the activity of the B- lactamase was
determined at 37°C in 0.05M phosphate buffer (pH 6,6.5,7
,7.5and 8).

The B- lactamase activity was determined at different pH (6-
8) by mixing 1ml of pencillin G with 1ml of purified enzyme
and the activity was measured with different buffers .

Effect of pH on enzyme stability

The effect of pH on B- lactemase stability was examined by
adding 1ml of enzyme of to test tubes containing buffer at
different pH (6, 6.5, 7 ,7.5 and 8), and incubated 30min at
370C in a water bath , then the pencillin G was added to a
mixer and measured the activity with different buffers.

Effect of temperature on enzyme activity

The temperature profile of the purified enzyme was studied
by measuring the activity at different temperatures (25,30, 35,
40 and 45) °C. The purified p-lactamase solution was
incubated with penicillin G in different temperatures for 10
min and the activity was determined.

Effect of temperature on enzyme stability

The purified P-lactamase was incubated at different
temperatures ranging between (25,30, 35, 40 and 45)°C .
followed by incubation in an ice bath for 30min.The enzyme
activity was assayed using penicillin G , and the relation
between the remaining activity (%) toward temperature was
plotted to determine the optimum temperature of Beta
lactamase stability.

ResuLTs AND DiscussioN
Identification of Bacteria

The process of identifying bacteria began with cultivating the
samples and incubating them for 24 hours at 37°C,followed
by a biochemical test to confirm that the isolate belonged to
Strep P.mirabilis. The results obtained are inagreement with
the description in( 8) (tabl 1).

lonic Exchange Chromatography

This is one of the most useful methods for protein
purification. Depending on the surface molecule charge, the
protein and the buffer conditions, the protein will have net a
positive or negative charge. Beta-lactamase enzyme was
obtained by using phosphate buffer solution (pH=7.0).
Absorbance of eluted fractions were measured at 280 nm
upon the arrival of absorbance to the line of zero (line base),
then same buffer with the NaCl gradient (0.1-1M) used to
elute the bounded protein. lonic exchange chromatography
patterns showed one protein peak in wash and one peaks in
gradient elution, represented enzymic activity (tubes 17-23).
Those fractions pooled and tested for specific activity (18.83
U/mg) a fold purification of (1.3 time) and enzymic yield of
(80.71%) in parts. (fig. 2).

Gel filtration chromatograph

Purification of p-lactamase enzyme by gel filtration
chromatography was done by passing the sample through
sephacryl S-200. Enzymes fraction from DEAE cellulose
were pooled and passed through gel filtration column.
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Column was eluted by buffer solution (0.05M) sodium
phosphate buffer and then the sample passed. The
fractionation yielded one protein peak as absorbance reading
at 280nm and when determined for the enzyme activity in
the resulting parts the enzyme activity recorded in (18-21)
the specific activity reached( 28.71 U/mg), fold of (2.051
time) and a yield (71.785%).(fig. 3).

Characterization of Beta_lactamase enzyme
pH and temperature optimum

Initial pH of the culture broth is one of the most critical
environmental parameters affecting both growth and
Beta lactamase production. The results show that
P.mirabilis was able to grow in the pH range of 7.0 to 8 and
They found that the optimal pH activity was 7.0 . Thes\\data
agree with (9) .The results of this study show that maximum
Beta_lactamase activity was detected at 35 40°C. A
decrease  activity was observed at above 30°C and
completely ended after 50°C. (14).( fig. 4)

pH and temperature stability

The pH stability of the Beta_lactamase was determined by the
activity retained at different pH from 6 to 8 after 30 min at
37°C of incubation. The obtained results showed a maximum
stability at pH 7 as the enzyme retained its entire activity. The
enzyme was stable at pH 7.0 and retained its entire activity.
The enzyme was stable at pH 7.0 and retained more than 80%
of its entire activity, while at pH values 6, 6.5, 7.5 and 8.0 the
enzyme lost about 100% of its total activity. This decline
could be attributed to the influnce of pH effect on the
enzymatic protein structure or irreversible denaturation may
occur in a high acidic or basic solution which led to a change
in the active site of the enzyme, so loss of the activity was
observed (15). purified B-lactamases stability upon 30 min
incubation at different temperatures ranging from 25-450C.
The enzyme showed a maximum stability at 40 oC as it
retained the entire activity. Besides, the enzyme retained
more than 60% of its entire activity at temperatures between
30-35 0C, and 50%of total activity at 45 oC. The gradual loss
in enzyme activity could be because of temperature effect on
the tertiary structure of the enzyme or, and distortion in the
active site of protein due to the loss of activity to the
breakdown of substrates (16) (14).( fig. 5)

Table 1: Identification of P. mirabilis .

Characteristic of P. mirabilis Test
Oxidase (-), Catalase (+), Indol (-) , Citrate (+) Biochemical
the Proteus has ability to change their rod-shaped vegetative cell in to elongated and Morphology
highly flagellated cell that has swarming motility on planting medium.
Pink rod gram stain Gram stain
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Fig. 1: show optimal pH and Temperature of P.mirabilis
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Fig. 2: Ton exchange chromatatgraphy for B- lactamaese from A. baumannii through DEAE-cellulose (2.5 x 20) cm.
The column was washed with Sodium phosphate buffer and Eluted with same buffer containing NaCl. Flow rate 60

ml/ hr and 5 ml Fraction.
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Fig. 3 : Gel-filtration chromatography for purification p- lactamaese from P.mrabilis by using Sephacryl S-200
column (1.5 x80) cm. The column was calibrated with (0.05M) Sodium phosphate pH7; flow rate 60 ml/hrs and 5

ml/fraction.
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Table 2: Purification steps of -lactamases produced from Proteus mirabilis.

Steps Volume Enzyme Total Protein Specific Fold of Yield

(ml) activity activity Conc. activity purification (%)
(U/ml) (Units) (mg/ml) (U/mg)

Crud extract 100
20 10.50 210 0.75 14.00 1

DEAE

cellulose ion- g 11.30 169.5 060 1883 1.345 80.71

exchange

Gel-filtration

Sephacryl - S- g 10.05 15075 035 28.71 2.051 71.78
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Fig. 4: Effect of different pH and temperatures on activity of purified p-lactamase from P.mirabilis.
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Fig. 5: Effect of different pH and temperatures on enzyme stabitity of purified - lactamase from P.mirabilis.

The experimental data of this research showed that the
intracellular Beta_lactamase enzyme can be easily purified
by the protocol used to purify proteins. One of the successful
methods used to purify enzymes was the ion exchange
chromatography and gel filtration were used, and the results
of these two steps reflected the difference between the

previous steps in purification. This was due to the fact that the
highest values of specific activity and high purity of the
enzyme were obtained in these two steps.

Since enzymes can be used for different applications, it is
necessary to identify the thermal stability and activity in a
wide range of pH values. The results showed that the
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optimum temperature for Beta lactamase activity was
35_40°C and that thermal stability was within the range of
40 °C. the enzyme retained more than 60% of its entire
activity at temperatures between 30-35°C, and 50%of total
activity at 45°C. The gradual loss in enzyme activity could
be because of temperature effect on the tertiary structure of
the enzyme or, and distortion in the active site of protein due
to the loss of activity to the breakdown of substrates (14)
(16).

In this study, the optimal pH for enzyme activity and
stability was determined; accordingly, the findings revealed
that the optimum pH for Beta_lactamase activity was 7.0.
This is consistent with the results of the study conducted by.
(9) . The enzyme was stable at pH 7.0 and retained more
than 80% of its entire activity, while at pH values 6, 6.5, 7.5
and 8.0 the enzyme lost about 100% of its total activity. This
decline could be attributed to the influnce of pH effect on
the enzymatic protein structure or irreversible denaturation
may occur in a high acidic or basic solution which led to a
change in the active site of the enzyme, so loss of the activity
was observed (15).
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