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Salt lakes represent an extreme habitat for prokaryotes which tolerate significant
concentration of NaCl. Many studies on screening and characterization of these microorganisms
have been done, however, very little reported about urease producer halophilic bacteria. The
present study aimed to isolate urease positive bacteria from Bahr Al-Milh Salt Lake, Karbala,
Iraq. A total of 161 gram positive and 57 gram negative bacteria were found which one third of
them showed the ability to produce urease. 16S rDNA sequencing analysis showed the isolated
bacteria belong to genus Bacillus, Virgibacillus, Halobacillus and Staphylococcus. Further
studies focusing on the enzyme structures and encoding genes are suggested.
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Halophiles are extreme microorganisms
manifesting special characteristics made them
an interesting subject in recent biotechnological
researches1. Indeed, not only halophiles can tolerate
NaCl-saturated environments but also some of them
require specific amount of salt for their survival2.
The most observed halophile communities are
from Archaea and Bacteria that would be found
in saline lakes, saline soils and brines3. Living in
extreme environments has enabled these creatures
to develop mechanisms through which they
produce special metabolites and biomolecules4.
Exopolyssaccharides, carotenoid pigments and
bacteriorhodopsin are some examples of halophilic
biomolecules which have been studied and
applied in industrial processes5. Regarding to
biotechnological applications, halophiles have
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been widely used in producing Beta-carotene
and also ectoine, a compound derived from
moderately halophilic bacteria functioning as
enzyme stabilizer6. Production of compatible
solutes, drug screening, cancer detection and the
biodegradation of residues and toxic compounds
are considered as other potential or present
halophiles’ applications5. Many forms of bioactive
compounds with various biological activities like
antioxidants, sunscreen and antibiotic actions are
derived from them7-9. Furthermore, halophiles are
the major source of enzymes functioning in high
salt concentration without being aggregated or
denatured5.
Urease is a cytosolic enzyme founded in
various bacteria, plants and fungi10-13. It is the first
known nickel metalloenzyme and also the first
enzyme isolated in the form of crystalline protein14.
Urease activity involves in nitrogen cycle; it
is an effective enzyme in urea hydrolysis–as a
nitrogen source–to ammonia and carbon dioxide10.
Microbial urease is a virulence factor in pathogenic

712

HOSSEINIA et al.: UREASE-PRODUCING HALOPHILIC BACTERIA

bacteria accounted for many clinical conditions like
urinary stones, pyelonephritis, gastric ulceration,
and other diseases 15. Despite these negative
effects, urease has a wide range of medical,
biotechnological and agricultural applications. It
has the major role in recycling urea nitrogen in
ruminal and gastrointestinal microorganisms which
benefits the host and the microbe10. Additionally,
it is important in transforming specific nitrogen
compounds. Hence, urease activity represents
an index of pathogenic potential and also drug
resistance in some bacterial groups16.
On the other side, urease has a significant
role in nitrogen metabolism in soil and aquatic
environments and also enables microorganisms
to utilize internal and externally generated urea as
nitrogen source10. The produced ammonia is taken
up by soil and plant microbes which highlight usage
of urease fertilizers. Low cost, ease in handling and
doubled nitrogen content are the main reasons for
universal shift from nitrogen to urease fertilizers17.
Bahr Al-Milh Salt Lake located 10
kilometers west of Karbala, Iraq. Together with
dwindling water level in recent decades, salt
concentration and pH value of the Lake has
raised. With our knowledge, limited studies have
been published only about eukaryotic diversity
of the Lake18. It has recently been considered
as an extreme ecosystem including halophilic
microorganisms19. In present study, we evaluated
the urease activity of halophilic bacteria in Bahr
Al-Milh Salt Lake for the first time.
MATERIAL AND METHODS
Sampling and preparations
Preferred amount of mud and saline
alluvial soil was sampled from eastern parts of
the Bahr Al-Milh, west of Karbala, Iraq, in the
longitude of 43° 85' E and the latitude of 32°60'
N on February, 2014. Temperature of the area was
between 20 to 25°C. Samples were transported
to microbiology laboratory in sterile and labeled
plastic bags. The strains were grown in different
saline concentration of nutrient broth, from 2.5%
to 22.5% with 2.5 intervals, containing Artificial
Sea Water (ASW) with the following composition:
175g NaCl, 20 g MgCl2.6H2O, 5 g K2SO4, and 0.1
g CaCl2 and 2 ml filtered saline lake water as the
trace element. Final volume was then reached to
J PURE APPL MICROBIO, 11(2), JUNE 2017.

1 liter with distilled water. pH 7 and greater (7.5,
8.0 and 8.5) was provided with the addition of
NaOH. The culture medias were autoclaved and
then incubated at 37°C for a week. One ml of each
sample was transferred to nutrient agar medium
with the same saline concentrations where they
grew for another one week. Number of colonies
was counted following by two weeks’ further
incubation. Gram staining and KOH lysis tests were
performed like pervious reports20-21. Morphology of
the cells was studied using light microscopy (model
BH2; Olympus).
Enzymatic activities
Catalase production was determined
by adding 3% (v/v) H 2O 2‚ and observing its
hydrolysis and the consequent gas formation22.
The oxidase activity was detected according to
Kovacs (1956)23. Utilization of glucose and sucrose
as carbon sources as well as acid production from
them, was performed as recommended by Ventosa
et al. (1982)24. According to Stuart’s Urea Broth
test, urease activity was determined by dissolving
0.1 g yeast extract, 9.1 g potassium phosphate
monobasic, 9.5 g potassium phosphate dibasic,
20 g urea and 0.01 g phenol red in 1 litter of distilled
water and filter sterilize. Observation of red color
in yellow-orange media after one week incubation
was considered as positive urease activity25.
Molecular analysis
The DNA was extracted and purified
using Bioron sample preparation Kit-Korea.
The 16S rRNA gene was amplified by PCR
run with two universal bacterial primers: 8F
(5’AGAGTTTGATCCTGGCTCAG-3’) and
1492R (5’GGTTACCTTGTTACGACTT-m3’).
PCR solution contained 5 µl template DNA, 17
µl dH2O, 1 µl primers, 1 µl dNTP, 0.75 µl MgCl2
(50mM), 25 µl PCR amplification buffer (1X),
and 2 U Taq DNA polymerase. Amplification was
carried out with Techne TC-3000X Thermal cycler
(UK) as follow: initial denaturation at 95°C for
five minutes, followed by 30 one-minute cycles
at 95°C, 30 s at 58°C, one minute at 72°C and
10 minutes at 72°C for the final extension. After
Electrophoresing, PCR products–single 1400 bp of
DNA fragments–were then purified using GeneAll
Gel Extraction Kit (Korea). Sequencing of 16S
rRNA was performed by Macrogen Biotechnology
Company (Korea) using an automated sequencer.
The newly sequenced 16S rRNAs were
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aligned with BLAST and RDP (Ribosomal
Database Project) and compared with alike
bacterial sequences available in NCBI (National
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Center for Biotechnology Information). Drawing
phylogenetic trees was completed using MEGA7
software, neighbor-joining, maximum likelihood

Table 1. Phenotypic characteristics of urease positive isolates
Strains
Characteristics

Bacillus sp.
K3

Virgibacillus sp.
K11

Staphylococcus sp.
K33

Gram
+
+
+
Shape
rod
rod
cocci
Oxidase
+
+
+
Catalase
+
+
+
Urease activity
+
+
+
Acid production from				
Glucose
+
–
+
Sucrose
+
–
+
Carbon source utilization				
Glucose
+
–
+
Sucrose
+
–
+

Halobacillus sp.
K51
+
rod
+
+
+
–
–
–
–

Fig. 1. Phylogenetic tree of the halophilic isolates showing their position based on the partial 16S rDNA sequence
comparison, according to the neighbor-joining method. The number on branches indicated bootstrap values and
the accession numbers for the reference strains are shown in brackets.
J PURE APPL MICROBIO, 11(2), JUNE 2017.
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and maximum-parsimony algorithms26-29. Bootstrap
analyses based on 1000 replications determined
the confidence values of the branches. 16S rRNA
sequences of newly found strains were submitted
in the GenBank database.
RESULTS AND DISCUSSION
Two hundreds and eighteen halophilic
strains were isolated from enrichment cultures
which 31.2% (N=68) of them were known as urease
producers. Optimum status of pH ranging from 7.0
to 7.5 and temperature of 37°C was obtained. No
extremely halophilic bacteria were found and the
frequencies of slightly and moderately halophilic
isolates were 68% and 32%, respectively. In this
regard, the optimum salinity for growth was 10%
ASW. Majority of the strains were gram positive
bacteria with the prevalence of 73.8% (N=161)
and the gram negative groups comprised the
remaining 26.2% (N=57). As for the morphology,
they included 57.8% (N=126) of rods or short rods
and 42.2% (N=92) of cocci represented in singles,
pairs or short chains.
According to morphological differences,
four strains were randomly selected for further
molecular analysis. Characterizations of the
mentioned strains are given in table1. Catalase and
oxidase were produced by all four isolates. Half of
them were able to produce acid from glucose and
sucrose and the same bacteria showed the ability
to use the aforementioned carbohydrates as sole
source of carbon.
16S rRNA gene sequence analysis based on
bootstrap values revealed that the urease-producing
isolates belong to genus Bacillus, Virgibacillus,
Halobacillus and Staphylococcus. The very partial
sequences of isolates have been deposited in the
GenBank database with the following accession
number; KT597927, KR347118, KT223788 and
KT353100, respectively. They were all gram
positive and members of class Bacilli. Figure 1
presents the phylogenetic trees of the very isolates.
In a similar study from Urmia Lake,
Iran, urease activity and oxidase were positive for
the majority of the halophilic isolates including
Salicola, Pseudomonas, Marinobacter, Idiomarina,
Halomonas, Bacillus and Halobacillus30. In a
purification and gene sequencing study of urease
from halobacteria, only four extreme halophile
J PURE APPL MICROBIO, 11(2), JUNE 2017.

strains out of 71 were found to be urease producer,
mostly belong to genus Haloarcula31. Spirulina
maxima was reported as a urease positive halophilic
cyanobacterium 32. Study of halotolerant and
alkaliphilic bacteria in different climate zones (soil
samples from Singapore, Ukraine and Jordan) led
to characterization of Staphylococcus succinus and
two Bacillus as urease-producing isolates33.
In contrast with our results, Virgibacillus
kekensis sp. which was isolated from Keke Salt
Lake, north-west of China, was negative for urease
activity34. A same negative activity was reported for
Virgibacillus salarius sp. isolated from a Saharan
Salt Lake, Tunisia35. Bacillus aidingensis sp. and
Halobacillus salinus sp. isolated respectively from
Ai-Ding Salt Lake, China and Salt Lake of the East
Sea in Korea, were not able to produce urease 3637
. Whereas most non-pathogenic Staphylococcus
strains were explained as strong urease producers38.
In conclusion, our findings clearly indicate
that one third of halophilic bacteria in Bahr AlMilh Salt Lake were able to produce urease. They
mostly belong to the class Bacilli. The isolated
strains can be used for medical, biotechnological
and agricultural applications. They also have the
potential to use as a source of halostable ureases
in various industrial utilizations. Follow up studies
considering purification of the ureases, estimating
the optimum situation for maximum activity of
the enzymes, investigating molecular structure
and introducing the encoding genes for them are
recommended.
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