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ABSTRACT

Urease producing bacteria are significant for their increasing roles in human pathogenicity, biocementation and as
soil fertilizer. This study was therefore aimed at isolation of such urease producers from urea-rich soil samples
collected from various locations in Federal University of Technology Owerri. Sample collection and processing
were done using standard microbiological methods. Soil samples were aseptically collected from seven different
locations. Isolation of the various bacterial species was done using Nutrient, MacConkey, Eosin Methylene Blue
and Salmonella Shigella agar. Identification of isolates was done using morphological characteristics as well as
standard microbiological and biochemical procedures. The urease producing strains of bacteria were obtained using
the urease hydrolysis test. Urease tolerance level was obtained using the optical density on a spectrophotometer.
Results revealed the presence of twenty one bacterial strains of seven species; Baccilus sp, Staphylococcus aureus,
Shigella sp, Escherichia coli, Proteus sp, Klebsella sp and Enterobacter sp. Four of the isolates designated as C1,
F2, C2, and D1 were selected on the basis of qualitative and quantitative screening analysis for urease activity.
Isolate C1 was identified as Proteus sp., C2 was identified as Klebsiella sp. Isolate D1 was also identified as
Proteus sp. while F2 was also identified as Klebsiella sp. Urease tolerance test revealed D1 (Proteus sp) having
higher growth rate of 0.063 at a urea concentration of 1M with the growth rate decreasing as urea concentration
increased. Isolate C2 (Klebsiella sp) also showed high growth rate of 0.042 at a urea concentration of 1M. Growth
rate decreased with increasing urea concentration. These organisms with high urease tolerance level can be used for
diverse purposes ranging from enzyme production, medical uses to calcite precipitation in biocementation.
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INTRODUCTION

Soil contains a variety of microorganisms including
bacteria. Microorganisms play important roles on
nutritional chains that are important for biological
balance in the life on our planet being essential for the
closing of nutrient and geochemical cycles such as the
carbon, nitrogen, sulfur and phosphorous cycle.!!
Without bacteria, soil would not be fertile and organic
matters such as straw or leaves would accumulate within
a short time.*® Microorganisms are widely present in
the worl.*™ Hence it is essential to explore, preserve,
conserve and utilize the unique soil microbial flora in
fulfilling emerging needs of society, industries and clean
environment.

Urease belongs to the super family of amidohydrolases
and phosphotriesterases.®*? Urease is a nickel-
dependent metalloenzyme of high molecular weight
synthesized by plants, some bacteria and fungi.* ™!
Urease enzyme is responsible for the hydrolysis of urea

fertilizers applied to the soil and due to this role, urease
enzyme from soil microflora have received a lot of
attention, since it was first reported by Rotini.*

More specifically, urease catalyzes the hydrolysis of urea
to produce ammonia and carbamate. The carbamate
produced, is subsequently degraded by spontaneous
hydrolysis to produce ammonia and carbonic acid.**!
Urease activity tends to increase the pH of its
environment as it produces ammonia a basic
molecule.®*%1 Urease activity (UA) defines the urea
hydrolysis activity produced by the enzyme urease per
minute.[*®!

Urease from jack bean has been widely studied being the
first nickel metalloenzyme identified and
crystallized.'***?% The ability to produce urease is
widespread among microbial populations and the
enzyme has been well studied from a clinical perspective
as it can indicate increased virulence properties in
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pathogenic bacterial®?*?? and its use in agricultural soils
has also been severally reported especially in nitrogen
volatilization.®#1 Microbial enzymes are more stable
and have properties which are more diverse than other
enzymes derived from plants and animals.®” Earlier
studies have shown that there are increasing number of
microorganisms  being  screened from  extreme
environments with capability to produce essential
enzymes useful for various industrial applications.*%?¢-]

The C terminal portions of plant and fungal chains
resemble the large subunits of bacterial ureases (e.g. a
chain of S. pasteurii urease). The high sequence
similarity of all ureases indicates they are variants of the
same ancestral protein and are likely to possess similar
tertiary structures and catalytic mechanisms.*!

Importance of Urease

The biological roles of ureases as enzymes and catalysts
have been variously studied.®*®?2%%32 The following
importance have been ascribed to Ureases in relation to
the organisms that produce them enables bacteria and
fungi to use urea as a nitrogen source for their
development while contributing to defense mechanisms
of the microorganisms through the release of toxic
ammonia. The release of ammonia to the environment
results in increase in the pH of the surrounding
medium.['%1%3 Thjs is essential for survival of urease-
producing microorganisms in acidic media, example the
pathogenic bacterium Helicobacter pylori, that colonizes
the stomach of humans causing gastritis and eventually
gastric cancer.

On the other hand, urease provide an alternative route for
nitrogen disponibilization to plant embryos in synergistic
activity to arginase. They also aid precipitation of
calcium salts interfering on the process of soil
mineralization.™® Diverse bacterial species participate in
the precipitation of mineral carbonates in various natural
environments, including soils, geological formations,
freshwater biofilms, oceans and saline lakes. Recently,
biocementation; a microbial mineral precipitation
process resulting from metabolic activities of some
specific microorganisms to improve the overall behavior
of concrete has become an important area of
research.’"*! The use of this biocementation concept
leads to the potential invention of a new material called
biocement. 0283053

Urease enzyme of microbial sources has a significant
role towards human pathogenicity and urease enzyme is
used as a vaccine on the basis of its catalytic inhibition
activity for protection against microbial infection.*%*31
Ureases can thus be applied for the treatment of many
health disorders like gastrointestinal infection and
hypertension.  Therefore, urease producing soil
microorganisms have received a lot of attention. In
addition to internally generated urea, externally applied
urea can also be utilized by plants. Urea is a widely used
fertilizer because of its low costs, ease in handling and

high nitrogen content.®? In plants, urease is the only
enzyme that is able to recapture nitrogen from urea.’*!
Fertilization with urea through leaves could be an
efficient method of plant feeding and any modifications
leading to increased urease activity in leaves could result
in more effective assimilation of this fertilizer.”*?" Such
an increase might have a positive impact on the nitrogen
metabolism in plants since more ammonia would be
available for assimilation via glutamine into a variety of
nitrogenous compounds.

Currently, urease is only available in industrial quantities
from Roche companies for use in the diagnostic and high
technology specialist ceramics fields.®® It is thus
expensive. The purity of the enzyme may higher than is
required for other uses such as biocementation.

AIM OF STUDY
The aim of this study is to isolate and characterize strains
of urease-producing bacteria from soil.

OBJECTIVES

1. To culturally isolate and identify urease producing
local bacterial species from urea rich soil.

2. Screen and select high urease producer strain.

3. Analyze the physiochemical properties of soil used
in the study

Significance of the study

1. This study will possibly reveal some urease
producing bacteria that can be used to produce
clinically and industrially useful urease enzyme.

2. The study explored the possibility of isolating local
bacterial isolate that will possibly be used in
strengthening cement via calcite precipitation and
other possible uses (dust suppression, against soil
erosion, etc). It may be of great importance in soil
stabilization in sand areas.

3. Data generated from this study may aid the enzyme
and construction industries which are currently
suffering from closures and siege. In addition, it
would pave the way for a new frontier with a wide
range of possible applications using local strains of
bacterial isolate that are acclimatized to local
conditions.

METHODOLOGY
The methods used to achieve the objectives are as
follows:

Sample collection and preparation

Soil samples from seemingly urea rich locations were
used for this study. A total of 14 samples were
aseptically collected randomly from various locations.
During collection, a clean stick was used to clear the
debris away and 10 cm hole was dug. The soil sample
was collected using sterile spatula and put in a sterile
bag. The samples were transported to the laboratory
within one hour for analysis.
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Study area/sample location
The samples were collected from various locations in
Federal University of Technology Owerri. (FUTO). All
sample collection points are frequently used by students
and other members of FUTO community as
urinating/waste disposal sites.

These locations included:

1) Back of Hostel A (SA)

2) Back of Hostel B (SB)

3) Edge of FUTO Bus Park (SC)

4) Edge of School of Science Extension (SD)
5) Edge of FUTO market (SE)

6) Back of School of Engineering (SF)

7) Behind Hostel D (SG)

Isolation of microorganisms

All  media used in culturing, sub-culturing and
biochemical tests were prepared according to the
manufacturers guidelines and instructions. They were
sterilized by autoclaving at 121 psi for 15 minutes and
aseptically poured into clearly labeled sterile petri dishes.
The media used were nutrient agar (NA), MacConkey
agar (MA), Salmomella Shigella agar (SSA), Eosin
methylene agar (EMB), Mannitol salt agar (MSA),
Methyl-red-Voges prokauer medium, Triple Salt Iron
agar (TSI), and half strength nutrient agar.

Serial Dilution

This was done prior to inoculation using as follows:

1. A ten-fold serial dilution was carried out first by
dissolving 1g of the test samples into 9ml of sterile
water; the mixture was swirled clockwise and anti-
clockwise to obtain a homogenous mixture.

2. Subsequent dilution was made by transferring 1ml
(mixture of soil sample in water) from the first bijou
bottle to the second bijou bottle and in that order
until the tenth bottle.

Inoculation

Aliquots (0.1 ml) of the 3, 4™ and 5™ dilutions were
inoculated in duplicate plates of freshly prepared sterile
solid NA, MA, EMB, SSA. After the inoculation, a
sterilized L shaped spreader was used to spread the
innoculum evenly on the surface of the media. Then the
plates were inverted and incubated at the temperature of
37°C for 24 -48 hours following the methods described
by Cheesbrough.®

Viable Bacterial Count

Viable bacterial count was done using a gallenkamp

colony counter. Total colony count was expressed as

colony forming units per ml (cfu/ml) of the sample

analyzed. The standard formula was used to obtain the

viable count as follows:

Total count (cfu/ml)

=Av. no of the colonies on duplicate plates X dilution factor
Volume plated

N.B: dilution factor = 1
Dilution

The various isolates obtained were sub-cultured to obtain
pure cultures. After sub-culturing, plates were incubated
at appropriate conditions. Finally observations were
made and all the morphological characteristics of the
isolates were recorded.

Identification/Characterization of Isolates

All the isolates were further identified using biochemical
tests such as Gram staining, motility test, citrate test,
indole test, urease test, methyl red test etc. all the
biochemical tests were carried out using the procedures
described by Cheesbrought®® and ogbulie et al.,®" The
biochemical tests done included:

Gram Staining, Indole Test, Citrate Utilizing Test,
Methyl Red and Voges Proskauer’s Test (MRVP),
Methyl Red / Voges Proskauer test, Motility Test,
Coagulase test, Catalase Test, Sugar fermentation test.

Identification of Urease Producing Isolates

This was done using the Urease test as described by
Ogbulie et al.E The isolates that were Urease test
positive were then further subjected to Urea tolerance
assay to further investigate the possibility of their use for
calcite precipitation.

The Urea Tolerance Assay was done using inocula

appropriately prepared as follows:

1. The bacterial isolates were grown to mid
exponential phase in nutrient broth (Lab M) on a
rotatory incubator (150 rpm) at room temperature
(28°C) for 24 hrs.

2. The cells were harvested by centrifugation at 3000
rpm for 10 mins. The supernatant was decanted and
the cell sediment washed twice in sterile distilled
water by centrifugation at 3000 rpm for 10 mins.

3. The washed cells were re-suspended in sterile
distilled water and turbidity adjusted to an optical
density of 0.1 at 540 nm using a spectrophotometer.

4. An aliquot of 0.1 ml of the cell suspension was used
as inoculum in the Urea tolerance assay.

Determination of Physicochemical Properties of the
Soil Samples

The physicochemical properties of the soil were
determined using standard protocols. They include; soil
pH, organic carbon, phosphorus, Particle Size,
Aluminium + Hydrogen and Calcium + Magnesium
levels.

Result Presentation and Analysis

Results are presented in tables. Simple statistical
methods (means and standard deviation) were used for
result analysis.
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RESULTS
The results obtained are as follows:
Result of Viable Bacterial Count

all plates with sample A, sample C, Sample D and
sample E.

Table 1 shows the mean bacterial count of the duplicate
plates of soil sample analyzed. Growth was observed on

Table 1: Mean Bacterial Count (Cfu/ml) for Duplicate Sample Analyzed.

Sample THBC TCC TSSC
A 3.0x10°+0.803 | 2.2 x10°+0.707 | 2.8 x10°+0.619
B 6.2x10"+0.799 | 5.8 x 10°+ 0.115 0
C 2x10"+0 7.9x10°+0.900 | 2.7 x 10°+0.639
D 2.8x107+0.399 | 1.1 x 10°+ 0.056 | 6.4 x 10°+0.316
E 4x10°+0.190 | 1x10°+0.124 4 x10°+ 3.961
F 4x10°+0 4 x 10%+3.254 0
G 4.5 x 10°+ 0.069 0 0
N/B:Values are expressed in mean * standard deviation of duplicate determination.
KEY:
THBC = Total Heterobacteria count
TCC = Total Coliform count
TSSC = Total Salmonella Shigella count.

Results of Identification/Characterization of Pure

Bacterial Isolates

The morphological and biochemical properties of the
various bacterial species used for characterization are

shown in Table 2 below. Isolates C1, C2, D1 and F2
were shown to have hydrolyzed urea.
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Table 2: Colonial and Biochemical Characterization of Pure Culture of Bacterial Isolates.
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A | A; | Irregular, cream, moderate, raised, dull, dry, undulate, translucent, rough | +ve rods chains +|+ | +|-| - |+|+|+| - | +| +| - | Bacillussp
A2 | Round, shiny, yellow, raised, small, entire, smooth +ve cocci in clusters +| + | +|-| - |+|-|+| + |-|-]|-| Staphylococcus aureus
A3 | Round, clear, colourless, shiny, small, Raised, entire, transparent, smooth | -ve rods |+ |+ -+ |-]|-|+ - |-|-]|-| Shigellasp
B | B1 | Irregular, cream, dry, moderate, dull, translucent, rough +ve rods in pairs +| + | +|-|-|+|+|+| - |-]|-|-| Bacillussp
B2 | Round, shiny, yellow, raised, small, entire, smooth +ve cocci in clusters +| + | +|-| - |+|-|+| + |-]|-]-| Staphylococcus aureus
Round, purple with green metallic sheen, opaque, moderate, entire, shiny, . .
B3 . purp g paq Yo | -ve rods +| + | +| 4|+ |-|+|+| + |-|+]|-| Escherishiacoli
Raised
C | C1 | Irregular, undulate, raised, colourless, dry, dull, moderate -ve rods in chains +| + | +| +| + | +| +| +| - | +|-| +| Proteus sp
C2 | Round, pink, Raised, entire, shiny, translucent, moderate, smooth —ve rod +| + | +|-| - |+|-|+| + |-]|+]|+| Klebsiella sp
Round, pinkish with dark centre, entire, raised opaque, moderate
C3 pInkis paq -ve rod +| + | +|-| - |+|+|+| + |-]| +]|- | Eaterobecter sp
translucent, shiny, colony.
Round, colourlesswithout dark centre, moderate, raised, entire, opaque,
C4 . paq -ve rod |+ |+ -]+ |-|+ +| - | +| +| - | Salmonella sp
shiny, colony.
Round, colourless without dark centre, Raised, centre, translucent, .
C5 . -ve rod + + |+ -+ |-|-|+| - |-]|-]-]| Shigellasp
moderate, shiny, colony.
C6 | Irregular, yellow, small, shiny, translucent, entire, raised, smooth, colony. | +ve cocci in clusters +|+ | +|-|-|+|-|+ + |-]|-]|-| Staphylococcus aureus
Irregular colourless, undulate, raised, translucent, dry, dull, moderate, L
D | D1 9 y -ve rod in pairs +| + | +|+| + | +|+| +| - | +|-|+]| Proteussp
colony.
D2 | Round, yellow, small, shiny, translucent, entire, raised, smooth, colony. +veincocciinclusters | +| + | +|-| - | +|-|+| + | -| - | - | Staphylococcus aureus
D3 | Clear, round, colourless, shiny, entire, raised, shiny, transparent, colony. | -ve rod |+ |+ -|+|-|-|+ - |-]-]|-| Shigellasp
E | E1 | Round, large, entire, raised, fairly, smooth, translucent, colony. —ve tiny rods in pairs +| 4+ | -|-|+ |+ +|+| - | +]|-]|-] Bacillussp
E2 | Round, yellow, shiny, small, entire, raised, smooth, translucent, colony. +ve cocci in clusters +|+ |+ -] -|+|-|+ + |-]|-]|-| Staphylococcus aureus
F | F1 | Round, punctiform, flat, entire, cream, transparent, shiny, colony. +rods in pairs +| + | +|-| - | +|+|+| - | +|+]|-| Bacillussp
F2 | Round, pink, moderate, entire, raised, smooth, shiny, translucent, colony. | -ve rods +| 4+ [+ -| - | +]|-|+] + | -]|+|+]| Klebsiella sp
Irregular, cream, moderate, raised, dull, dry, undulate, translucent rough, . .
G| Gl 9 y g +rod in pairs + + | +|-| - | +|+|+| - | +|+]|-| Bacillussp
colony.
G2 | Round, punctiform, flat, entire, cream, transparent, slimy, colony. +rod in pairs +| + [+ -| - | +]|+|+| - | +| +| -] Bacillussp

KEY: + = Positive ; —

= Negative; TS1 = Triple Sugar Iron agar ; H,S = Hydrogen sulphide.
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Result of Urea Tolerance Assay of the Bacterial Isolate
This is shown in Table 4 below:

Table 4: Urea Tolerance Assay Result.

Mean optical density of isolate (OD)
Urea Concentration (mg/ml) Cl C2 D1 F2
0.075+0.088 | 0.08 +0.007 | 0.086 +0.006 | 0.069 + 0.004
1 0.053 £ 0.001 | 0.042 £ 0.002 | 0.063 £ 0.009 | 0.039 + 0.006
15 0.036 + 0.004 | 0.033 +0.006 | 0.061+0.03 | 0.029 + 0.004
2 0.033+0.004 | 0.027 £ 0.002 | 0.04+0.001 | 0.026 + 0.001
2.5 0.033 + 0.002 | 0.026 + 0.005 0.034+0 0.0245 + 0.011
3 0.028 + 0.001 | 0.022 + 0.004 | 0.029 + 0.002 | 0.018 + 0.003
KEY: Values are expressed in means + standard deviation of duplicate determination
Results of the Physiochemical Analysis of the Soil
Sample
These are shown in Table 5 below for the various soil
samples. pH tended towards neutral/alkalinity. Calcium
was within the high optimal range.
Table 5: Physiochemical Analysis of the Soil Sample.
Samples | pH | OC (%) | TN (%) | P (ppm) | Ca (ppm) | Mg Mol/kg-1 | Al +H Mol/ kg-1
A 7.59 | 0.6983 0.049 28.42 3520 0.38 0.68
B 6.67 | 0.9377 0.047 28.14 880 0.27 3.8
C 7.39 | 0.4389 0.022 25.7 3480 1.6 0.76
D 6.20 | 0.5399 0.040 28.2 3220 0.52 0.65
E 6.70 | 0.6061 0.037 26.9 3390 0.34 0.58
F 6.90 | 0.6217 0.049 29.0 3000 0.49 0.60
G 7.11 | 0.0599 0.004 55.37 2240 0.74 0.52
KEY
ocC = Organic carbon
TN = Total particle size
Ca = Calcium
Mg = Magnesium
Al = Aluminum
H = Hydrogen
P = Phosphorous
DISCUSSION Proteus sp, Klebsella sp and Enterobacter sp. have also

This study has revealed the soil as habouring diverse
types and numbers of viable bacteria as shown in Tables
1 and 2 even at 10 cm depth. This however collaborates
earlier authors who reported that microorganisms
including bacteria are ubiquitous and that many are free-
living in the soil as an important habitat for
microorganisms.® According to JoVER® and Sylvia,
soils are a heterogeneous mixture of inorganic and
organic particles that combine together to form
secondary aggregates. Within and between the
aggregates are voids or pores that visually contain both
air and water. These conditions create an ideal ecosystem
for bacteria, so all soils contain vast populations of
bacteria, usually over 1 million per gram of soil. Infact
the microbial content of the soil is a measure of soil
‘health’.

The identified bacterial isolates in this study; Baccilus
sp, Staphylococcus aureus, Shigella sp, Escherichia coli,

been reported for soil samples.

Urease test still remains confirmatory for bacteria with
urea-hydrolyzing ability. Similar isolates to the four
urease-producing isolates obtained; C1 (Proteus sp), C2
(Klebsiella sp), D1 (Proteus sp) and F2 (Klebsiella sp)
have been earlier reported to have ability of breaking
down urea into ammonia and carbon-dioxide. 3634
Urease producing bacteria It use urea as an energy source
and produce ammonia which increases the pH in the
environment and generate carbonate, causing Ca®* and
CO; % to be precipitated as CaCO3,[102040-41]

Proteus sp is a Gram negative, facultative anerobic, rod
shaped bacterium. it shows swarming motility, urease
activity.** 1t is widely distributed in soil and water.
This rod shaped bacterium has the ability to produce high
level of urease which hydrolyses urea to ammonia. It is
an important candidate for biocementation.™*!
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Klebsiella species are found everywhere in nature. They
can be found in water, soil, plants, insects, animals, and
human. Klebsiella is a genus of non-motile, Gram-
negative, oxidase-negative, rod-shaped bacteria with a
prominent polysaccharide-based capsule. In particular,
the medically most important are Klebsiella species,
Klebsiella pneumonia.”*“3 Klebsiella sp have been
variously noted to produce the enzyme urease.

The Bacillus sp isolated is an aerobic spore forming, rod
shaped bacterium that has been shown to use urea as an
energy source to increase the pH of the environment and
generate carbonate.l****! In microbial induced carbonate
precipitation by urea hydrolysis, the enzyme urease
catalyses substrate urea and precipitates carbonate ions in
presence of ammonium. These carbonate ions in the
presence of a calcium source readily precipitate CaCOs.
This urea hydrolysis is the result of metabolic processes,
which depends on the type of Bacillus sp being used.

The physiochemical properties of the soil showed
different characteristics of the soil. Most importantly was
the enhancement in pH value of the soil samples (ranging
from 6.67 to 7.59) which are within the range of optimal
soil pH (6.0 — 7.5) and tends to alkalinity. This could be
in relationship to the urease activity in the soil which
tends to improve the pH of the soil while producing
ammonia, a basic molecule.'***34% The calcium level
of almost all the soil samples used were on the high
(>2000 ppm) optimal range (600 — 4000 ppm) side for
fruit trees nutrition.” This is a possible pointer to calcite
precipitation as a result of activities of ureases.

From Table 4, the capacity of four of the bacterial
isolates to withstand/hydrolyze urea as a result of the
urease they produced was revealed. It is worthy to note
that in microbial induced carbonate precipitation by urea
hydrolysis, the enzyme urease catalyses substrate urea
and precipitates carbonate ions in presence of
ammonium. These carbonate ions in the presence of a
calcium source readily precipitate CaCOs, a process
known as biocementation.™® The four isolates CI, C2,
D1 and F2 from this research can therefore be considered
as potential local candidates for production of urease
enzymes. The import of this cannot be overemphasized
because as local microbial isolates, they will be more
adapted to the local environmental conditions especially
in case of use in biocementation.

Urease tolerance test also revealed D1 (Proteus sp)
having higher growth rate/ tolerance of 0.063 at a urea
concentration of 1M. Isolate C2 (Klebsiella sp) also
showed high growth rate of 0.042 at a urea concentration
of 1M. Proteus species therefore may be the species of
choice for commercial urease production against its
Klebsiella sp. Counterpart this corroborates the study by
Varalakshmi and Anchana.™® It is also note worthy that
for all isolates, growth rate decreased with increasing
urea concentration. This may imply that high urea
concentration and cell aging affects multiplication in

batch culture hence there may be need for use of
continuous culture for production of urease by bacterial
cells.

Furthermore, the isolates can be standardized for use in
production of urease enzymes for commercial and
industrial purposes. Ureases are useful in dru%
production, medicine/health care,*? agriculture®*?’
and even civil engineering via biocementation,! %%
According to Qin and Cabral B! application of urease
encompasses these areas; urea content analysis in blood,
urine, alcoholic beverages, natural water and
environmental wastewaters; analysis of heavy metal
content in natural waters, wastewaters and soil;
determination of creatinine, arginine and 1gG; urea
removal from artificial kidney dialyzates, alcohol
beverages and fertilizer wastewaters; wastewater
reclamation for life support systems in space; pH control
or shift for multi-enzyme reaction system; and urea
hydrolysis as sources of ammonia or carbon dioxide in
special cases.

CONCLUSION

Microbes are known to produce urease enzyme. This
study has revealed that urease producing bacteria can be
locally isolated from soil. The commercial demand for
urease is currently not high and urease is only available
in industrial quantities from Roche companies for use in
the diagnostic and high technology specialist ceramics
fields.™™ It is thus expensive and is of a higher purity
than is required for some applications example,
biocementation. Hence production and
commercialization of the enzyme from local bacterial
isolates will generate a cheaper, more stable and
sustainable source of ureases in large scale which will in
turn be of great economic value. It is worthy to note that
microbial enzymes are more stable and have properties
which are more diverse than other enzymes derived from
plants and animals.!”)
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