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The isolation of halophilic urease-producing bacteria and the study of
their nano-crystal production
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Abstract. Urease-producing bacteria can precipitate calcite nano-crystals by producing urease in the presence of urea and
calcium. Calcite precipitation resulting from microbial activity is a process which causes cementation of soil particles in
nature. The purpose of this study was to isolate urease-producing halophilic bacteria in order to precipitate calcite in saline
soil. Natural samples, including soil and saline waters, were selected for this purpose. At First, halophilic bacteria were
isolated by salt-containing TSB medium. Then, a selective medium containing phenol red and urea facilitated the
isolation of urease-producing bacteria. Hydrolysis of urea by urease causes alkalization of the medium and the formation
of pink halo around colonies. Finally, the best isolate was selected for further study by measuring the release of ammonium
by the Nessler method. The ability or inability of isolates to produce calcite was investigated by culturing the isolates on
sedimentary medium with different salt concentrations for 10 days. In total, 110 halophilic isolates were isolated, among
which 58 isolates had the ability of urease production. The microscopic studies of colonies showed that only 6 isolates were able
to produce crystals on precipitation medium. Isolate 6 was selected for further study and then analyzed by X-ray diffraction
crystals on precipitation medium. Isolate 6 was selected for further study and then analyzed by X-ray diffraction (XRD)
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and scanning electron microscope (SEM) equipped with an energy dispersive X-ray (EDX) detector. Studies of urease
activity showed that this strain released 20.86 mM ammonium after 18 hours. This bacterium was identified by
biochemical and molecular analyses and the comparison of its 16S rRNA gene sequence showed 99.92% similarity with
the similar gene sequence in Staphylococcus xylosus and then this sequence was submitted in NCBI database with the
accession number MG655155. This isolate was able to produce calcite in free salt medium, with salinity up to 10%.
Nowadays, many efforts have been made to produce environmental-friendly cements, and therefore, the use of urease-
producing halophilic bacteria is an appropriate candidate for bio-cementing in saline environments.
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Fig. 1. Crystals produced outside and inside colonies by isolate 6 streaked on precipitating medium at 40 x
magnifications.
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Fig. 2. Growth curve and urea degradation rate for isolate 6 in TSB medium containing 5 % NaCl.
(m: Biomass, A: Urea degradation rate)
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Fig. 6. SEM images of aggregation of nanocrystals produced by isolate 6 on bacterial cell surfaces in precipitating
medium with different magnifications. A. Skx. B. 100kx.
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Fig. 7. SEM-EDX analyses of three areas from a calcinated precipitate produced by isolate 6.
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Table 1. Biochemical test results of isolate 6 (d: 11-89% strain positive and w _: weak or negative reaction).

Characteristics Staphylococcus Isolate 6
xylosus (ATCC29971)

Pigment d -
Catalase + +
Coagulase - -
Oxidase - -
Urease + R
Hemolysis W -
Deoxyribonuclease W -
(DNase agar)

Novobiocin resistance + +

Growth in the presence of 10 and 15 % NacCl:

10% + +
15% d +
Aerobic acid production from:

Maltose + +
Sucrose + +
Fructose + +
Lactose d +
Glucose + +
Starch _ _
Xylose + +
Galactose d +
Mannose + +

S5 4y 08 badygan ol duojo Av Lass aS 0 ioles] Jotias
aige clale (Del Moral et al., 1987) s oS5 oy
3 SlSy 09wy Bl S pendS gy gl S
D93> A (6 yeS Jude Sad doyo YO o g sy Ve cdale
5O by a4 0B ey ol po ead lae 6 SL ol elais
O aezme )3 0dlay 5 092 (el 0bj jLid 9 Vb Sees clale

Serratia ;| olaggew ol ol Slalllae ol Hlis ol vo S

9 099 YO 55, Gl ;o CodS (ool polie adgs 4 08
ol dawgs Al gy olo S glalew S XRD - flos
Srivastava et ) ols ;Lis |, cusgS1T g o ly eS¢ 2Sb
ol g Bl gy ol GByge S @l 2015
e (ol 55 S5 S 5, 5n s 00 3l 5 99 (5,551,
ool aewy 4 ool ag Gguy aS ol lis EDX Lo o
Srivastava w,y» alie .cwl Ca, C, O ,ole Jolis 55U
aS oy Ca, C, O ,ole Jols S xplosus ;o EDX ol

WS o0 9l ) Sl g0

&l Sl
Ol ez s oRiils  sighy Coglae 5l dllie () Bais
anled o ;5085 asl (b ol b coles s @ 5lsal

IS S ol ol s anlllas asle 5 ol axlae

algoe CundS 1l Sloyl Wee (slapunslS )l S
b 5es ol S (o b g peedS Slays Koo slalisle
Vog S BB pgusy lazme jo0 S, xylosus oS oJy 5
o2 |y Celle 5 Coil] (S5 p0en (ondS  opdle Sai ao o
Sy 2 oo Sad 20y B L pgwy Lazme j3 0l g,
Ol Smgs A 00wl pgdsel 5 Culle Sl wonds
Sl S el JSi5 a0 08 &S 1) Deleya halophila 4 g
Ferrer et al., ) aiols |13 ialesl 0,90 1) 040 o)y as s
JSas Jlade a5 ol las 565wy ,Se Slaalie (1988
oS oy Ll o3g YUy LLs S auoys VIO 5 VIO o Jbiay,S
oS e ) 8L iuliEl aoy Yo b Lo a5 cile
oty )S a5 ol 5lis XRD (gla s,y el 00l j2aS
9 0391 ComndS” 3,150 plas yo D. halophila lawg sods J.Sis
JSi5 slalin S ples & 0l jasiie SEM L asllae b
Sloosg SondS laJliny 575 witdls alie 535)58 )90 0
S35 CoSmg S ol wjls K& (695 05lare L Siis
9 Ok Dz 1) CodS Glo by )5S xplosus 5l oius)
Dy S0 Gl Koo g eaar Jate Glaodg b L (o
CowgdSas oSk dise sloaiss alowy 4SS

44/8¢


http://dx.doi.org/10.29252/nbr.7.1.37
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.1.4.6
https://nbr.khu.ac.ir/article-1-3071-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-12-01 ]

[ DOR: 20.1001.1.24236330.1399.7.1.4.6 ]

[ DOI: 10.29252/nbr.7.1.37 ]

Nova Biologica Reperta 7(1): 37-45 (2020)

REFERENCES

Arias, D., Valdes, P., Cisternas, L.A. & Rivas, M. 2015.
Isolation and selection of halophilic ureolytic bacteria
for biocementation of calcium and magnesium from
seawater. Adv. Mat. Res. 1130: 489-492.

Bansal, R., Dhami, N.K., Mukherjee, A. & Reddy, M.S.
2016. Biocalcification by halophilic bacteria for
remediation of concrete structures in marine environment.
J. Ind. Microbiol. Biotechnol. 43: 1497-1505.

Brenner, D.J., Krieg, N.R., Staley, J.T. & Garrity, G.M.
2005. Bergey’s manual of systematic bacteriology.
Springer-Verlag. New York, pp: 392-420.

Carpa, R., Keul, A., Muntean, V. & Dobrota, C. 2014.
Characterization of halophilic bacterial communities
in Turda salt mine (Romania). Orig. Life. Evol.
Biosph. 44: 223-230.

Chahal, N., Rajor, A. & Siddique, R. 2011. Calcium
carbonate precipitation by different bacterial strains.
African J. Biotechnol. 10: 8359-8372.

De Muynck, W., De Belie, N. & Verstraete, W. 2010.
Microbial carbonate precipitation in construction
materials: a review. Ecol. Eng. 36: 118-136.

Del Moral, A., Roldan, E., Navarro, J., Monteoliva-
Sanchez, M. & Ramos-Cormenzana, A. 1987.
Formation of calcium carbonate crystals by moderately
halophilic bacteria. Geomicrobiol. J. 5: 79-87.

Dhami, N.K., Mukherjee, A. & Reddy, M.S. 2016.
Applicability of bacterial biocementation in sustainable
construction materials. Asia-Pac. J. Chem. Eng. 11: 795-
802.

Ferrer, M., Quevedo-Sarmiento, J., Bejar, V., Delgado,
R., Ramos-Cormenzana, A. & Rivadeneyra, M. 1988.

OTR) TV-F0 1) o)lads ¥ als o sim) ol 55 (g sloasily

Calcium carbonate formation by Deleya halophila:
effect of salt concentration and incubation temperature.
Geomicrobiol. J. 6: 49-57.

Hoffman, M.T. & Arnold, A.E. 2010. Diverse bacteria
inhabit living hyphae of phylogenetically diverse
fungal endophytes. Appl. Environ. Microbiol. 76:
4063-4075.

Mobley, H.L.T., Méndez, G.L. & Hazell, S.L. 2001.
Helicobacter pylori: Physiology and genetics. — ASM
press, Washington.

Oren, A. 2002. Diversity of halophilic microorganisms:
environments, phylogeny, physiology, and
applications. J. Ind. Microbiol. Biotechnol. 28: 56-63.

Rivadeneyra, M., Ramos-Cormenzana, A., Delgado,
G. & Delgado, R. 1996. Process of carbonate
precipitation by Deleya halophila. Curr. Microbiol.
32:308-313.

Srivastava, S., Bharti, R.K. & Thakur, LS. 2015.
Characterization  of  bacteria  isolated from
palaeoproterozoic metasediments for sequestration of
carbon dioxide and formation of calcium carbonate.
Environ. Sci. Pollut. Res. 22: 1499-1511.

Stabnikov, V., Jian, C., Ivanov, V. & Li, Y. 2013.
Halotolerant, alkaliphilic urease-producing bacteria
from different climate zones and their application for
biocementation of sand. World. J. Microbiol.
Biotechnol. 29: 1453-1460.

Vahed, S.Z., Forouhandeh, H., Hassanzadeh, S.,
Klenk, H.P., Hejazi, M.A. & Hejazi, M.S. 2011.
Isolation and characterization of halophilic bacteria
from Urmia Lake in Iran. Microbiol. 80: 834-841.

soksk kK

How to cite this article:

Haddadi M. & Ghezelbash, G.R. 2020. Isolation of halophilic urease producing bacteria and study of their
nanocrystal production. Nova Biologica Reperta 7: 37-45. (In Persian).

PV-F0 Vs psle 50 o5 sloadly LT Jlis ;S5 oy asdllan 5 5To,sl Wy Conss Sl slags ySh (o5lolaz YRR Ly (LIS 9.0 cgoloe

45/%6


http://dx.doi.org/10.29252/nbr.7.1.37
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.1.4.6
https://nbr.khu.ac.ir/article-1-3071-fa.html
http://www.tcpdf.org

