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Abstract
At present several studies are evaluating biological calcite precipitation as it has laid the concept of bioconcrete 

as a self-healing material which may be a green and more sustainable component for future architecture. This paper 
reports a 96 wells plate based rapid and easy method for the screening of urea hydrolyzing/calcite-precipitating 
bacteria. Arsenazo III was used as a colorimetric indicator in 96 wells plate assay. This method requires small 
amount of reagents and therefore was easy to manage. In this rapid, economic and reliable method that we have 
developed, Paenibacillus, a facultative anaerobe and Lysinibacillus, were screened as the most efficient bacteria 
in calcium carbonate precipitation among isolated urea hydrolyzing microbes or bacterial samples from the soil 
collected from Uttarakhand, India.
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Introduction
“Microbial mineralization” of various elements in the form of 

carbonates, oxides, phosphate, sulfides, silicates, etc. is one of such 
processes which holds promising future prospects and is a major factor 
in the global cycling of various metals [1]. Some may participate directly 
in an extra or intracellular transformation of metals. Biomineralization 
of calcium in the form of carbonates finds wide range of scientific 
and technical applications. It offers an opportunity for developing 
a technique for remediation of heavy metals and radio nuclides 
contaminated water as well as lays down the concept of “Bioconcrete” 
[2]. These calcifying microorganisms more precisely bacteria are 
recently receiving more attention as they may be utilized for the healing 
of minor cracks in historical monuments, old buildings or can be used 
to develop self-healing bio-concrete [3,4]. As several factors like strain 
type, media composition, temperature, pH, surrounding chemical 
environment and many other physicochemical co-factors influence the 
bio-precipitation of calcium carbonate it is very important to optimize 
these parameters for effective bio-precipitation of calcium carbonate 
[5-7]. Till date, mostly calcite precipitating bacteria are screened based 
on traditional calcium urea plate/broth method which requires a large 
amount of reagent and time. Therefore, we attempted to devise a 
method for the [8] calcium binding dye which is well-known calcium 
chelator used for the detection of calcium in various biological samples 
[8,9].

Materials and Methods
All the chemicals used were of high purity (HIMEDIA). All the 

cultures were cultivated and maintained on nutrient agar. For calcium 
carbonate precipitation experiments traditional calcium-urea medium 
was used. The medium contained 3 g/L nutrient broth, 20 g/L urea, 
2.12 g/L sodium bicarbonate, 10 g/L ammonium chloride, 3.7 g/L 
calcium chloride dehydrate. Before autoclaving the pH of the medium 
was adjusted to 6.0 with 6 N HCl, which was consequently increased to 
pH 7.2. Bacterial protein was estimated using Micro BCA protein assay 
kit from Thermo Scientific. Arsenazo III assay was performed using 
Calcium 150 kit from Accurex Biomedical Pvt. Ltd. The alkaline soil 
sample was collected from the area rich in deposits of calcite, located 
in Dehradun, Uttarakhand, India. The physicochemical analysis of the 
sample such as pH, oxidizable organic carbon, available phosphate, 

potassium, ammonical and nitrate nitrogen was performed using a 
soil testing kit from Hi-media. Bacteria were isolated from the samples 
using serial dilution plating method.1 g of the sample was suspended in 
10 ml of autoclaved normal saline, vortexed and serial diluted ranging 
10-2-10-6, again vortexed and left for 30 min. 100 µl of the saline was 
then pipetted and spread plated on a nutrient agar plate. The strains 
were identified on the basis of morphology, bio-chemical tests and, 16S 
rRNA gene sequencing. To screen the calcite-precipitating bacteria, 
we developed a 96 wells plate assay. For that traditional calcium-urea 
medium was used. For the growth of the culture, a 24 wells plate was 
used. 1ml of the culture media was suspended in the wells in duplicate 
for each strain. The cells of overnight grown cultures in nutrient broth 
at 37°C were harvested and dispensed in calcium urea medium at a fixed 
O.D 600nm of 0.6 10 µl of the inoculum was added to the respective 
wells. A negative control containing only calcium urea medium was left 
uninoculated. The plate was incubated at 37°C for 24 h. After 24 h the 
culture was transferred to a 1.5 ml micro centrifuge tube and centrifuged 
at 8000 rpm. Cells were collected for the total protein estimation. A 50 
times dilution was prepared from the obtained supernatant by adding 
490 µl of water to 10 µl of the supernatant for each strain including 
negative control 4 µl of this dilution was suspended in 96 wells plates 
in triplicate and then 100 µl of arsenazo solution was added to each 
well. For blank 100 µl arsenazo solution was added to 4 µl of deionized 
water. The plate was left for 2 min to complete the reaction and then the 
absorption at 650 nm was measured with Elisa reader. To determine 
the range of detection different mM concentrations of calcium were 
prepared in calcium-urea medium and diluted 50 times. 4 µl of the 
dilution was dispensed in the 96 wells plates in triplicates and arsenazo 
III was added to them. After 2 min absorption was measured with Elisa 
reader at 650 nm.
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Results and Discussion
The soil analysis results confirmed the alkaline nature of the soil, 

showing a pH value of 9.5 and medium to low content of oxidizable 
organic carbon Table 1. The potassium content of the soil was found 
to be very high, i.e., more than 393 kg/hec. Most of the available 
nitrogen was present as ammonical nitrogen as nitrate nitrogen was 
not detectable in the soil.

Arsenazo III, a highly sensitive calcium chelator has been used as 
the colorimetric indicator for the monitoring of the calcium carbonate 
precipitation by the strains. The intensity of the colour indicates the 
availability of free calcium ions in the solution. Based on the above 
principle arsenazo III was used as a colorimetric indicator for the 
screening purpose. Strains showing less or decreased absorbance than 
the negative control, were considered as positive for calcium carbonate 
precipitation. Based on this method 14 bacterial samples were found 
positive for calcium carbonate precipitation. Figure 1a shows the 
whole-cell protein of the strains grown in a calcium-urea medium.

Calcium carbonate precipitation was evident in 24 wells plates in 
case of bacteria efficiently inducing precipitation Figure 1b. Calcium 
carbonate particles adhered at the bottom of the plate. The absorption 
pattern by the arsenazo-calcium complex for all the urease positive 
strains is represented in Figure 1c. Arsenazo III-Ca complex intensity 
showed a maximum decrease for strains 1AS and 29AS comparative to 
control followed by 7AS. Although the absorption does not represent 
the actual concentration of calcium ions in the medium as it may be 
due the binding of calcium with other components in the media, but 
a relative estimation can be done with respect to control. 16S rRNA 
gene sequencing analysis results showed that the strain 29AS belongs 

to genera Lysinibacillus (accession no. KF053267) which is a gram 
positive, spore forming bacteria and strain 1AS is a facultative anaerobe 
of genera Paenibacillus (accession no. KF303139). An arsenazo-calcium 
binding calibration curve was drawn to check the linearity in calcium 
urea medium varying the concentration of calcium in the medium. 
Here also the concentrations of 0 to 40mM calcium were prepared and 
diluted to 50 times as in the case of microtiter assay. The range was 
found linear from 0.1 to 0.8 mM of calcium Figure 1d.

Conclusion
A new method for the screening of calcium carbonate precipitating 

bacteria. This paper reports a 96 wells plate method based on 
colorimetry which is rapid, economic reliable and is easy to perform. 
The new method will be very useful in the studies on Bioconcrete and in 
research on conservation of monuments and buildings in self-healing 
and sealing of concrete by the calcifying microorganisms.
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S. No.                 Soil properties                                            Results
1 pH 9.5
2 Oxidizable organic carbon Medium Low
3 Available phosphate                                                  Not detectable
4 Potassium Above 393 Kg/Hec
5 Ammonical Nitrogen About                                     15 Kg/Hec
6 Nitrate nitrogen                                                         Not detectable

Table 1: Results of soil properties.

 

Figure 1: (a) Whole cell protein of the strains (b) Calcium carbonate crystal 184 formation (c) Calcium carbonate precipitation (d) 
Arsenazo-Calcium complex 185 calibration curve.
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