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Urease purification from indigenous soil bacteria
and accumulation of CaCO, crystals

Abstract. Recently, microbiologically induced calcite precipitation has been evaluated as an effective and
eco friendly alternative to a repair technique in plugging of microcracks and pores in concrete for building
trade. Enzymatic activity of urease synthesized by microorganisms has been induced for precipitation of
CaCO, crystals. Urease activity and urease-induced calcium carbonate mineralization of indigenous soil
bacteria (Bacillus spp.) isolated from Kilis, Turkey were studied. Total and specific urease activity of crude
19B intracellular enzyme sample were calculated as 0.67+0.003 EU/mL/min and 0.63+0.011 pmol/min/
mg, respectively. Three protein bands (60.48, 23.27 and 20.17 kDa) indicating subunits of urease were
detected by SDS-PAGE. Microbial calcium carbonate precipitation was analyzed by Scanning Electron
Microscopy/Energy Dispersive X-Ray Analysis. Rhombohedral calcite crystals were clearly observed in
SEM images. Element composition of precipitate was revealed to mostly comprise of calcium, carbon and
oxygen. Results indicated that 19B strain may be evaluated for engineering applications such as remediation
of concrete cracks and enhancing compressive strength of cement.

Key words: urease, Bacillus spp., microbial calcification, scanning electron microscopy, energy dispersive

https://doi.org/10.26577/ijbch.2020.v13.i2.03

X-ray analysis.

Introduction

Urease (EC 3.5.1.5) obtained from jack bean
(Canavalia ensiformis) is identified as the first nickel
dependent metalloenzyme [1; 2]. It catalyzes the hy-
drolysis of urea to ammonia and carbamate and is the
first enzyme to be crystallized. Carbamate formed as
a result of ureolytic activity spontaneously decom-
poses carbonic acid. Urease was revealed to be a
globulin protein with an isoelectric point of five by
James Sumner in 1926 [3].

Urease is synthezised in several higher plants, yeast
and microorganisms. Both plants and microorganisms
use urease to supply ammonia as a nitrogen source [4;
5]. Prevailing number of eukaryotic ureases are repre-
sented by a single subunit including 840 amino acid
residues. However, bacterial ureases are composed of
three subunits, with e.g. 101, 106 and 567 amino acid
residues identified for Klebsiella aerogenes urease. Ex-
ceptionally, Helicobacter pylori urease consists of two
subunits, containing 238 and 569 acid residues [6].

Urease is an analytical tool widely used to deter-
mine urea content in blood, urine, alcoholic bever-
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ages, spring water and environmental wastewaters
[7].

Ureases may be used as anticancer agents, anti-
gen with strong stimulating ability in vaccines and
in removal of urea from artificial kidney dialyzates
[3; 7]. Ureases from Staphylococcus, Lactobacillus,
and Klebsiella aerogenes are responsible of nitrogen
metabolism in rumen sheep [3].

Recently, hydrolysis production of bacterial
urease has been proposed as an effective alternative
to cement [8]. Calcium carbonate deposits known
as biocement, are calcite precipitation accumulated
due to microbial urease activity [9]. Ammonia re-
leased after microbial ureolytic activity in surround-
ings leads to the accumulation of insoluble CaCO,
by increasing pH. This is used for remediation of
concrete cracks and thus increased compressive
strength [10].

Consequently, the present study was focused on
partial isolation of urease from indigenous soil bac-
terium, Bacillus spp., and accumulation of CaCO,
crystals. Morphological properties of the latter were
analyzed by scanning electron microscopy (SEM).
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Materials and methods

All chemical materials in this study were suppli-
ed by Merck KGaA, Germany.

Isolation of urease producing Bacillus spp. Ba-
cillus spp. were isolated from soil sample collected
at Kilis, Turkey (36°43°48.6”N, 37°06°09.6”E). Fol-
lowing suspension by sterile water (1:9), soil sample
was incubated at 65°C for 30 min for stimulation of
bacterial spores. 100 pL of this culture was inocu-
lated using serial dilution technique on nutrient agar
and incubated at 37°C for 24 h. Single colony was se-
lected and maintained on nutrient agar slant for further
identification and test of urease activity. Bacteria were
identified by morphological (Gram staining, formation
of spores and cell morphology) and standard micro-
biological procedures (catalase and urease test sys-
tems). To screen urease production by Bacillus strains,
Christensen’s agar medium was used, containing
20 g of urea, 1.0 g of peptone, 2.0 g of KH,PO,, 1.0 g
of glucose, 5.0 g of NaCl, 15.0 g of agar, 0.012 g of
phenol red indicator, pH 6.8+7.0. Strains were trans-
ferred to Christensen’s urea agar, and incubated at
37°C for 48 h. According to the change of the medium
color to pink from yellow with increase of pH, urease
producing Bacillus strains were identified.

Urease purification from Bacillus strains. For
preparation of bacterial inoculum, strains were
grown overnight on Luria-Bertani broth at 37°C.
Subsequently, 5 mL of inoculum was transferred into
urea broth consisting of 1.0 g of peptone, 2.0 g of
KH,PO,, 1.0 g of glucose, 5.0 g of NaCl and
100 mM/L urea. Cultures were incubated at 37°C,
180 rpm for 24 h. Cells were harvested by centrifu-
gation at 5500 rpm for 20 min after incubation. Fol-
lowing removal of supernatant, pellet was lyzed by
suspending with 0.2 mg/mL lysozyme prepared in
0.05 M phosphate buffer (pH 7). Suspension was
sonicated on ice for 30 s pulses within 5 min total pe-
riod. Acquired crude enzyme was stored at -20°C for
further analyses (of enzymatic activity, total protein
concentration and protein molecular weight).

Urease activity and total protein content. Amount
of released ammonia was measured by phenol-hypo-
chlorite reaction slightly modified in our lab [11].
Crude enzyme (50 pL) was added to 1.95 mL of sub-
strate solution contaning 6.6 mg/mL of urea prepared
in 0.05 M phosphate buffer (pH 7). This mixture
was incubated at 37°C for 5 min. Then, 500 pL of
phenol-nitroprusside solution (0.1 g/mL phenol and
0.5 mg/mL sodium nitroprusside solutions prepared
in distilled water) and alkaline sodium hypochlorite
solution (5% NaOH and 26 mL/L NaOCl) at equal
volume were added to this mixture. For monitoring
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of color development this mixture was incubated at
55°C for 5 min in water bath. Subsequently to blue
color formation, absorbance was measured at 630
nm. Calibration curve was plotted using ammonium
sulfate standards (0-0.5 wmol/mL). One unit (U) of
urease activity was calculated as amount of enzyme
required for hydrolisation of 1 pmol of urea at 37°C.
Total protein concentration of crude enzyme was de-
tected by Lowry assay [12].

SDS-PAGE analysis. Molecular weight of urease
was determined according to Laemmli [13]. Opti-
protein marker G252 (Applied Biological Materials
ABM Inc., Canada) was used as a reference marker.
Protein bands were monitored by staining with Coo-
massie Brilliant Blue R-250.

Morphological analysis of CaCO, minerals. 100
mL of overnight culture and 10% filtered urea were
added to 500 mL of distilled water sample. Culture
was incubated for one week at 180 rpm 37°C and
centrifuged at 5500 rpm for 20 min. CaCO, deposit
(pellet) was dried on air at room temperature, in-
house. After that, CaCO, crystals were observed by
SEM [9]. Surface of the sample covering-stubs was
coated by golden particles (Quorum Q150R Sputter
Coater), viewed by SEM (FEI Quanta FEG 650) at
10 kV accelerating voltage.

Results and discusssion

Isolation and identification ureolytic Bacil-
lus strains. Twenty aerobic, motile, Gram-positive,
spore-forming, rod-shaped and catalase-positive bac-
terial strains were observed. Four of them were deter-
mined to be producing urease based on the medium
color change to pink from yellow (Figure 1).

These isolates were entitled as 2B, 17B, 19B and
XB. Similar findings related to urease activity in agar
plate could be found in literature [14-17].

Intracellular urease activity. Intracellular urease
activity in terms of unit (EU/mL/min) and total pro-
tein contents of crude enzyme samples are showed in
Table 1.

The highest urease activity was calculated as
0.67+0.003 EU/mL/min in enzyme purified from 19B
strain. The lowest activity was determined in 2B en-
zyme sample (0.38+0.000 EU/mL/min). As parallel
to total urease activity, the lowest protein concentra-
tion was also recorded in 2B sample with 0.86+0.066
mg/mL. For specific activity measurement of enzyme
purity in sample, the highest value was detected as
0.63+£0.011 U/mg in 19B enzyme extract. 19B Bacil-
lus isolate was revealed to show more urease activity
(0.67+0.003 U/mL) and specific activity (0.63+0.011
pumol/min/mg) as compared to other isolates.
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Figure 1 — Screening of urease-producing Bacillus spp.
Note: (a) pink color indicating urease-producing, (b) yellow
color indicating non-urease activity

Similarly, Tepe et al. (2019) intracellular urease
purified using Bacillus amyloliquefaciens U17 iso-
lated from calcareous soil of Denizli (Turkey) and
specific enzyme activity found as 0.615+0.092 pmol/
min/mg [18]. In other study, different bacterial strains
were isolated from soil samples collected on the farm
field to test urease activity of isolates. The value of
urease activity varied within 0.072 and 0.88 U/mL
[14]. Similar observations were reported by Kim et
al. (2015). For B. subtilis having functional urease,
detectable value of urease specific activity equaled
to 0.113+0.006 U/mg protein [19]. Enzyme activity
findings (0.55 U/mg) of urease extracted from bacte-
rial sources reported by Mohammed et al. (2014) [20]
were similar to our results.

Urease characterization. As can be seen from
the Figure 2, the crude enzyme samples have many
protein bands with different molecular weights. Pro-
tein bands belonging to urease in 19B sample were
determined in comparison with bands having same
molecular weight in other crude extracts.

Table 1 — Total and specific urease activities of cell-free enzyme samples

Urease activity (EU/mL/min) Protein amount (mg/mL) Specific activity (umol/min/mg)
2B 0.38+0.000 0.86+0.066 0.44+0.033
17B 0.65+0.003 1.30+0.022 0.50+0.006
19B 0.67+0.003 1.07+0.001 0.63£0.011
XB 0.58+0.014 1.08+0.004 0.53+0.011

Consequently, three protein bands (60.48, 23.27
and 20.17 kDa) indicating the subunits of urease
were calculated. These findings of molecular weight
exhibited similarity with previous study: 70, 60 and
55 kDa for B. sphaericus MTCC 5100 [21]; 66, 45,
29 and 15 kDa for Proteus mirabilis [20]; 11, 13 and
61 kDa for B. pasteurii [22].

Mineralogical results. Microbial cells adhere to dif-
ferent substrates for providing nutrition in natural envi-
ronments. The cells metabolize nutrients to acquire en-
ergy resulting in minerals precipitated as by-product. The
accumulation of calcium carbonate precipitates based on
bacterial activities improves soil quality [15]. This accu-
mulation is known as microbial induced calcite precipita-
tion (MICP). As a result of biomineralization by ureolytic
bacteria, CaCO, forms such as calcite, aragonite, vaterite
and hydrated crystalline are obtained [18§].

Morphological analysis of minerals for 19B
strain having the highest urease activity was tested.
Calcium carbonate precipitation potential of 19B
strain was analyzed by SEM/EDX. Results are pre-
sented on Figure 3.
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Figure 2 — Molecular weight analysis of ureases by SDS-PAGE
using a 12% sperating gel. Note: M — marker DNA.
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titative analysis (Table 2) belonging to rhombohe-
dral crystalline show elemental composition of the

precipitate.

According to our results, calcites with a rhom-
bohedral crystalline structure are clearly observed
(Figure 3a). The EDX peaks (Figure 3b) and quan-

Table 2 — EDX quantitative analysis of rhombohedral calcites

@

(b)

Figure 3 — SEM image of CaCO, minerals.
Note: (a) — SEM image of thombohedral calcite produced by 19B urease activity; (b) — element analysis of precipitate.

Element Area 1 Area 2
Weight% Atomic % Weight% Atomic %
C 10.14 17.73 10.13 17.19
o 42.52 55.81 46.12 58.77
Mg 0.94 0.81 1.42 1.19
P 8.69 5.89 8.8 5.79
Ca 37.71 19.76 33.54 17.06
Total 100.01 100.00 100.01 100.00

Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 13, Ne 2, 24 (2020)




28 Urease purification from indigenous soil bacteria and accumulation of CaCO, crystals

Composition of calcite observed to mostly con-
sist of calcium, carbon and oxygen elements. This is
indicated that rhombohedral crystalline formed as a
result of microbial calcium carbonate precipitation.
In EDX analysis, % weight of Ca produced by B19
was detected as 33.54-37.71 %.

Similar calcite morphologies to our results was
showed by using Sporosarcina pasteurii strain ATCC
11859 [10]. Tao and Whenkun (2012) also indicated
to the calcites or calcites/vaterite crystal forms of
calcium carbonate precipitation induced by Bacil-
lus pasteurii [23]. In other study, it was noted that
Bacillus strain with high urase activity showed high
microbial calcification (calcite shape) [24]. Anitha et
al. (2018) detected needle-like crystals of biocement
produced by Bacillus cereus KLUVAA [5]. The cal-
cium carbonate mineralization property of Paeniba-
cillus favisporus U3 were revealed and rhombohe-
dral vaterite and layered calcite crystals verified by
mineralogical analyses by Tepe et. al. (2019) [18].
Present study and previous works indicated that dif-
ferent bacterial genus may produce different crystal
structures, which may vary from strain to strain.

Conclusion

In this study, the CaCO, mineralization and
urease activitiy properties of Bacillus strains, in-
digenous soil bacterium, were investigated. Four
urease-producing Bacillus strains from Kilis soil
were purified. Total and specific urease activ-
ity of crude 19B intracellular enzyme sample
were calculated as 0.67+0.003 EU/mL/min and
0.63£0.011 pmol/min/mg, respectively. Urease was
determined to be a trimeric enzyme of three 60.48,
23.27 and 20.17 kDa molecular weight subunits by
SDS-PAGE. The rhombohedral crystalline calcite
accumulation of B19 strain having high urease ac-
tivity was revealed by SEM/EDX analysis. Our re-
sults emphasized that 19B strain may be evaluated
for geological and engineering applications, such as
remediation of concrete cracks and enhancing com-
pressive strength of cement. The hardness and dura-
bility of biocement obtained by B19 bacterial sus-
pension transferring to sand samples requires further
research.
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