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Abstract Biocalcification, also known as microbiologi-
cally induced calcite precipitation (MICP), is a phenome-
non involving the activity of the enzyme urease. A large
number of soil microorganisms exhibit urease-producing
ability. A novel application of MICP to improve properties
of bricks by a soil bacteria Bacillus pasteurii NCIM 2477
was studied. Most of the deterioration of brick structures
takes place because of the presence of moisture. Deposition
of calcite on the surface and in voids of bricks reduces the
water absorption substantially. A favorable effect of
microbes to improve the durability of bricks by reducing
water absorption was demonstrated as a novel concept in
this paper.
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Introduction

Biocalcification is a process in which calcite is formed in
the soils or civil structures due to action of microbes,
especially urease-producing organisms [12]. This phe-
nomenon, known as microbiologically induced calcite
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precipitation (MICP), is dependent on the urease enzyme
activity, and a large number of soil microorganisms are
found to contribute to the process. Undesirable effects of
biofilm formation resulting in biodeterioration in civil
works have gained attention and have been extensively
studied [2, 13, 14, 18], whereas this paper reports the useful
role of a urease-producing microorganism to induce bio-
calcification in bricks. An endospore-forming soil micro-
organism, Bacillus pasteurii, has been used as the urease
producer. A few studies on calcite precipitation for
strengthening cement concrete [1], plugging of sand [16],
remediation of cracks in granite [7] and ornamental stone
[4] have been reported. Bricks are the basic building blocks
for many civil structures; however, to the best of our
knowledge, there is no work reporting on improvement in
properties of bricks by MICP. This paper reports this novel
application. The concept of microbial calcite precipitation
was investigated in bricks. The high porosity of bricks
allows the penetration of water along with ions, such as
chlorides, having a detrimental corrosive effect. A signifi-
cant reduction of the water absorption capacity of bricks
because of microbial calcite precipitation showed encour-
aging results.

Methods

Screening of the microbial cultures for urease
production

Bacillus pasteurii NCIM 2477, Brevibacterium ammoni-
agenes ATCC 6871 and Bacillus lentus 2466-NCIB 8773,
procured from the National Collection of Industrial
Microorganisms (NCIM) Pune, were used in screening
studies to select the maximum urease producer. The
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experiment was carried out by inoculating 50 ml of nutri-
ent broth (NB) in a 250-ml Erlenmeyer flask with a 2% cell
suspension of the respective culture, having an optical
density (OD) of 1.5 at 660 nm. This OD was maintained
for all further experiments unless otherwise mentioned.
These cultures were maintained on nutrient agar slants,
stored at 4°C in a refrigerator and subcultured every month.

Microbial calcite deposition in bricks

Bricks were procured from a construction site (Parel,
Mumbai), and plastic containers were purchased from a
local shop. Bricks were oven dried at 100°C for 6 h,
allowed to cool at room temperature and weighed.
Nutrient broth and brain heart infusion (BHI) media
were used for this study. A seed culture was prepared
having an OD of 1.1 at 660 nm using the respective media.
The media were inoculated, and the dried bricks were
immersed in the inoculated medium. After 24-h incubation,
membrane sterilized urea—CaCl, (2% urea, 0.3% CaCl,)
solution was added aseptically to the medium. After
4 weeks, bricks were removed, dried at room temperature,
weighed and tested for water absorption capacity. For
control, bricks were cured in water for 4 weeks. Calcium
carbonate precipitation was confirmed by XRD analysis of
the precipitate collected from the tubs with NB and BHI.

Water absorption test

The bricks were cured for 4 weeks, saturated overnight in
water and weighed. The bricks were then dried in an oven
at 100°C for 24 h, cooled and weighed again. Water
absorption was calculated by using following formula:

(Wsaturation - WOven dried)

% Water absorption = x 100

WOven dried
(1)

where W,uration 1S the weight of bricks after saturation in
water for 24 h, and Woyen drieq 18 the weight of bricks after
oven drying for 24 h.

Results and discussion

Biocalcification or MICP has been proposed as a novel
strategy for strengthening and remediation of several civil
structures. It involves the breakdown of urea into ammonia
and carbon dioxide by the enzyme urease, with the resul-
tant precipitation of carbonate ions as calcium carbonate.
Such a novel application illustrates the need to enhance
urease production by various methods using these
microorganisms.

@ Springer

Urea is widely distributed in nature [3, 17]. Urease (urea
amidohydrolase—EC 3.5.1.5) catalyzes the hydrolysis of
urea to ammonia and carbon dioxide; it is synthesized by
plants, algae, fungi and bacteria [6, 9, 15]. It is a nickel-
based metalloenzyme first isolated from seeds of the jack
bean plant in 1926 [5]. Most of the studies have utilized
urease obtained from the jack bean, which is expensive,
emphasizing the need to obtain urease from a non-con-
ventional, unutilized and cheaper source for versatile
applications [10]. Hydrolysis of one molecule of urea
results in the release of two molecules of ammonia and one
molecule of carbon dioxide [11].

Urease-producing soil bacteria catalyze hydrolysis of
urea to produce ammonia and CO,. The enzymatic
hydrolysis of urea is generally described as [9]:

HyN-CO-NH, + H,0U%*)NH; + €O, 2)

The ammonia that is released by urea hydrolysis results in
an increase of pH in the surrounding medium wherein
supplemented mineral ions (Ca’" and COs>7) may
precipitate out as CaCOj. This process of precipitation
is a complex mechanism and is a function of the cell
concentration, ionic strength and pH of medium. Thus, the
media for the growth of the microorganism are supplemented
with a calcium source, such as calcium chloride, which is
precipitated as calcium carbonate by the following complex
set of reactions:

Ca®" 4 Cell — Cell-Ca*" (3)
Cl™ + HCO;3 + NH; — NH,Cl + CO3~ (4)
Cell-Ca*" + CO}™ — Cell-CaCOs | (5)

Screening of the urease producer

From the three standard microbial cultures used for the
screening, it was found that B. pasteurii showed the max-
imum urease production (Fig. 1) and was hence used for
further studies.

Urease production by different bacteria

Urease Activity
(U/ml)
)

5
0 - T
Bacillus pasteurii Bacillus lentus Brevibacterium
NCIM 2477 2466- NCIB 8773 ammoniagenes
Culture ATCC 6871

Fig. 1 Urease production by different bacterial cultures
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Fig. 2 Microbially induced
calcite deposition in bricks.
a Control, b NB and ¢ BHI

Fig. 3 XRD analysis of
laboratory grade CaCO5 and
precipitate from a tub
containing BHI and NB
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activities. Urease plays a key role in the deposition of the
calcite in the form of precipitate. A layer of white deposit

Microbial metabolic activities often contribute to selective ~ was clearly observed on the surface of the bricks (Fig. 2)
cementation by producing relatively insoluble organic and  as well as on the inner surface of the curing tub. The
inorganic compounds. Calcite precipitation is one such  precipitates were characterized by XRD (Fig. 3; Table 1)
process that is induced due to microbial metabolic by using calcium carbonate as standard. It can be clearly
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Table 1 Comparative study of ‘d’ spacing and its relative intensities
obtained from X-ray diffractogram of laboratory-grade CaCO3, cal-
cite and precipitate from BHI and NB media

Lab CaCO; Calcite BHI NB

d Iy d Iy, d I/, d 111,
Spacing Spacing Spacing Spacing
3.03541 100 3.04 100 3.02595 100  3.02411 100
1.87735 155 1.88 19 1.87.197 15.62 1.87064 18.65
2.10370 7.06 2.10 21 2.08844 149 2.08975 13.86
228742 6.25 2.29 24 227778 1772 227829 16.69
1.97826 20.3 1.92 16 - - 1.90864 22.61

Table 2 Water absorption test for bricks

Brick % W ater % Reduction in
samples absorption water absorption
Control 24.97 -

NB 21.47 14.1

BHI 13.84 44.5

seen from the XRD graphs that all the major peaks were
at the same 20. The spectra when compared with the
standard JCPD files showed that microbial calcium car-
bonate precipitation in both the media was in the form of
calcite. Detailed study of carbonate bio-mineralization by
XRD and SEM also indicated that calcite is the dominant
mineral phase form when the bacteria are present [8].
Brick samples were analyzed for their water absorption
capacity, and the results are depicted in Table 2. It can be
seen that the absorption of water by bricks cured in media
was lower than that by a control sample, indicating that
pores on the surface are blocked because of calcite
deposition, thus preventing water and other pollutants
from penetrating into the body of bricks. Thus, this pro-
cess of bio-mineralization retarding the water absorption
in bricks may be effective in enhancing the durability and
longevity of civil structures, and it may be of immense
help in the preservation of monumental structures con-
structed with bricks.

Conclusions

Microbiologically induced calcite precipitation was found
effective in increasing brick strength by reducing water
absorption up to 45%. Among different microbial cultures,
B. pasteurii NCIM 2477 was found to be the highest pro-
ducer of urease and was an effective inducer of calcite
deposition on the surface of the bricks. The reduction of
water absorption was attributed to biocalcification on the

@ Springer

surface, leading to a reduction in permeability and a sub-
sequent decrease in the diffusion of water and other cor-
rosive ions. The water absorption capacity of bricks was
lowest for BHI-cured bricks (~14%) compared to the
control samples (25%). However, use of BHI on a large
scale would make the process very costly, showing the
need to develop cheaper media that also enhance the
production of urease. In conclusion, biocalcification by
B. pasteurii urease would be an effective method for
increasing the durability of bricks. However, more work is
needed for developing a cost-effective process.

References

1. Bang SS, Galinat JK, Ramakrishnan V (2001) Calcite precipita-
tion induced by polyurethane-immobilized Bacillus pasteurii.
Enzyme Microb Technol 28:404-409. doi:10.1016/S0141-0229
(00)00348-3

2. Brock T (1970) Biology of microorganisms. Biological science
series. Prentice-Hall, Englewood Cliffs

3. Della Ciana L, Caputo G (1996) Robust, reliable biosensor for
continuous monitoring of urea during dialysis. Clin Chem
42:1079-1085

4. Dick J, De Windt W, De Graef B, Saveyn H, Van der Meeren
P, De Belie N, Verstracte W (2006) Bio-deposition of a cal-
cium carbonate layer on degraded limestone by Bacillus
species. Biodegradation 17:357-367. doi:10.1007/s10532-005-
9006-x

5. Dixon NE, Gazzola C, Blakeley RL, Zerner B (1975) Jack bean
urease (EC 3.5. 1.5). Metalloenzyme. Simple biological role for
nickel. J] Am Chem Soc 97:4131. doi:10.1021/ja00847a045

6. Dixon NE, Riddles PW, Gazzola C, Blakeley RL, Zerner B
(1980) Jack bean urease (EC 3.5.1.5) on the mechanism of action
of urease on urea, formamide, acetamide, N-methylurea, and
related compounds. Can J Biochem 58:1335-1344

7. Gollapudi UK, Knutson CL, Bang SS, Islam MR (1995) A new
method for controlling leaching through permeable channels.
Chemosphere 30:695-705. doi:10.1016/0045-6535(94)00435-W

8. Lian B, Hu Q, Chen J, Ji J, Teng HH (2006) Carbonate
biomineralization induced by soil bacterium B. megaterium.
Geochim Cosmochim Acta 70:5522-5535

9. Mobley HL, Hausinger RP (1989) Microbial ureases: signifi-
cance, regulation, and molecular characterization. Microbiol Rev
53:85-108

10. Prakash O, Talat M, Hasan SH, Pandey RK (2008) Enzymatic
detection of mercuric ions in ground-water from vegetable wastes
by immobilizing pumpkin (Cucumis melo) urease in calcium
alginate beads. Bioresour Technol 99:4524-4528. doi:10.1016/j.
biortech.2007.08.073

11. Qin Y, Cabral J (2002) Properties and applications of urease.
Biocatal Biotransform 20:1-14. doi:10.1080/10242420210154

12. Ramachandran SK, Ramakrishnan V, Bang SS (2001) Remedi-
ation of concrete using microorganisms. ACI Mater J 98:3-9

13. Rose AH (1981) Microbial biodeterioration. Economic microbi-
ology, vol 6. Academic, London

14. Sanchez-Silva M, David V, Rosowsky PE (2008) Biodeteriora-
tion of construction materials: state of the art and future chal-
lenges. J Mater Civ Eng 20:352-365. doi:10.1061/(ASCE)0899-
1561(2008)20:5(352)


http://dx.doi.org/10.1016/S0141-0229(00)00348-3
http://dx.doi.org/10.1016/S0141-0229(00)00348-3
http://dx.doi.org/10.1007/s10532-005-9006-x
http://dx.doi.org/10.1007/s10532-005-9006-x
http://dx.doi.org/10.1021/ja00847a045
http://dx.doi.org/10.1016/0045-6535(94)00435-W
http://dx.doi.org/10.1016/j.biortech.2007.08.073
http://dx.doi.org/10.1016/j.biortech.2007.08.073
http://dx.doi.org/10.1080/10242420210154
http://dx.doi.org/10.1061/(ASCE)0899-1561(2008)20:5(352)
http://dx.doi.org/10.1061/(ASCE)0899-1561(2008)20:5(352)

J Ind Microbiol Biotechnol (2009) 36:1111-1115 1115

15. Sirko A, Brodzik R (2000) Plant ureases: roles and regulation. 17. Taylor AJ, Vadgama P (1992) Analytical reviews in clinical

Acta Biochim Pol 47:1189-1195 biochemistry: the estimation of urea. Ann Clin Biochem 29:245-
16. Stocks-Fischer S, Galinat JK, Bang SS (1999) Microbiological 264

precipitation of CaCOj;. Soil Biol Biochem 31:1563-1571. doi: 18. Videla HA (1996) Manual of biocorrosion. CRC Press, Lewis

10.1016/S0038-0717(99)00082-6 Publishers, Boca Raton

@ Springer


http://dx.doi.org/10.1016/S0038-0717(99)00082-6

	Biocalcification by Bacillus pasteurii urease: a novel application
	Abstract
	Introduction
	Methods
	Screening of the microbial cultures for urease production
	Microbial calcite deposition in bricks
	Water absorption test

	Results and discussion
	Screening of the urease producer
	Microbial calcite deposition in bricks

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


