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A Bacillus sphaericus Based Biosensor for Monitoring
Nickel Ions in Industrial Effluents and Foods
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A microbial-based biosensor has been developed based on enzyme inhibition bioassay for monitoring the presence of Ni(II) in
real-time samples. The sensing element is immobilized Bacillus sphaericus MTCC 5100 yielding urease enzyme. The transducer is
an NH+

4 ion selective electrode in conjunction with a potentiometer. Heavy metals are potentially toxic to human beings. Nickel is
associated with causing adverse health effects such as dermatitis and vertigo, in humans. Toxicity is manifested by affecting T-cell
system and suppressing the activity of natural killer cells. Nickel finds applications in electroplating, coinage, electrodes, jewellery,
alloys. The foods rich in Ni(II) are nuts, beans, oats, and wheat. The range of Ni(II) detection by the developed biosensor is
0.03–0.68 nM (0.002–0.04 ppb) with a response time of 1.5 minutes. For application, the Ni(II) effluent was procured from an
electroplating industrial unit and was found to have a concentration of 100.0 ppm Ni(II). In foods, wheat flour sample was acid
digested and Ni(II) was specifically complexed in the presence of other cations, and had an Ni(II) concentration of 0.044 ppm.
The developed system has a reliability of 91.5% and 90.6%, respectively, for the samples and could possibly replace the existing
conventional techniques of analysis.

Copyright © 2006 N. Verma and M. Singh. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

1. INTRODUCTION

Monitoring the environment for the presence of compounds
which may adversely affect human health and local ecosys-
tems is a fundamental part of the regulation, enforcement,
and remediation processes which are required to maintain a
habitable environment [1]. People have always been exposed
to heavy metals. The burning of fossil fuels containing heavy
metals, the addition of tetraethyl lead to gasoline, and the in-
crease in industrial application of metals have made heavy
metal poisoning the major source of environmental pollu-
tion [2]. Heavy metals are hazardous to the ecosystem and
are a serious danger to human populations because of their
ability to accumulate [3].

Most metal ions can be detected in environmental sam-
ples using analytical methods such as inductively coupled
plasma atomic spectrometry or mass spectrometry, flow in-
jection atomic absorption or electrochemical methods that
include ion selective electrodes, polarography, and other
voltammetric electrodes [4]. The biosensor, a recent product
of biotechnology, has attracted considerable attention as the
potential successor to a wide range of analytical techniques
[5, 6]. A biosensor is an analytical tool or system consisting of
an immobilized biological material in intimate contact with a

suitable transducer device that converts the biochemical sig-
nal into a quantifiable electrical signal [7]. Biosensors have
the advantages of specificity, fast response times, portability,
ease of use, and a continuous real-time signal. Furthermore,
their biological base makes them ideal for toxicological mea-
surement of heavy metals, while conventional techniques can
only measure concentration [3]. In many monitoring situa-
tions biosensors can be expected to be the most cost-effective
technology [8, 9].

Nickel is an essential trace element, which is an activa-
tor of a number of enzymes such as alkaline phosphatase and
oxaloacetate decarboxylase. It finds extensive application in
electroplating besides being used in hydrogenation of oils, in
corrosion resistant alloys and in jewellery. It is also known
to enhance insulin activity [8]. However, excessive nickel can
cause toxicity which is manifested by affecting the T-cell sys-
tem and suppressing the activity of natural killer cells [9].
Higher concentrations of nickel can cause cancer [10]. Nickel
is normally analysed by X-ray absorption spectroscopy [11].
The technique, although highly precise, suffers from the dis-
advantages of high cost and the need for trained personnel.
Keeping this in view, this work aims at the development of
a microbial system to form a second-generation biosensor to
allow a reliable, accurate, and cost-effective technology based
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on inhibition phenomenon to monitor the presence of nickel
(Ni(II)) ions in industrial effluents and food samples.

2. MATERIALS AND METHODS

All chemicals were of analytical grade. The source of urease
was a microorganism isolated from soil. An ion selective elec-
trode (ISE) coupled to a Cyberscan benchtop potentiometer
was used to sense an ammonium such as NH+

4 .

2.1. Biocomponent

The biocomponent of the biosensor was microbial-based.
A urease yielding microbe was isolated from soil using mi-
crobiological techniques [12] and was identified by Micro-
bial Type of Culture Collection (MTCC) and Gene Bank,
Institute of Microbial Technology (IMTECH), Chandigarh,
as gram +ve Bacillus sphaericus MTCC 5100. The microbe
was cultivated in a media containing urea (2.5%), beef ex-
tract (1.0%), peptone (1.0%), and sodium chloride (0.5%)
with a pH 7.0 under aerobic conditions at 25◦C. To use the
microbe as a biocomponent, the culture was harvested after
24 hour incubation and the pellet was retained, followed by
immobilization of the microbe by physical adsorption onto
Whatman number 1 filter paper, which was then dried and
coupled to the body of the ion selective electrode.

2.2. Transducer

The transducer was a benchtop potentiometer (Cyberscan
2500) in conjunction with an NH+

4 ion selective electrode
(ISE code number EC-NH4-03) that detects the electrode
potential developed across the membrane of the electrode
when it comes into contact with the NH+

4 ions released as a
result of urea hydrolysis, forming a second-generation bio-
sensor. The electrode potential developed across the mem-
brane of the electrode when it comes in contact with NH+

4

ions is related to the concentration of free NH+
4 ions in solu-

tion by a form of the Nernst equation E = E0+ RT/nF ln a.

2.3. Calibration of NH+
4 ISE

Ammonium standard stock solutions were prepared with
concentrations in the range 55.5×10−3−55.5×10−6 M. The
ionic strength of all standards and samples was adjusted with
ISA (ionic strength adjustor −5 M NaCl). 2 mL of ISA was
added to every 100 mL of sample and standard solutions to
maintain a background ionic strength of 0.1 M. For prepar-
ing the calibration curve, the NH+

4 ISE was subjected to the
ammonium standards and the mV were recorded.

2.4. Hydrolysis

The microbial urease causes the hydrolysis of urea into NH+
4

and HCO−
3 . The NH+

4 ions released are sensed by the NH+
4

ISE. For hydrolysis, 33.3 mM urea in PBS pH 7.5 was used at
a temperature of 25◦C [13]:

NH2CONH2 + 2H2O + H+ Urease−−−−→ 2NH+
4 + HCO−

3 . (1)

The enzyme assay for free and immobilized system was per-
formed to study the residual activity, that is, the activity of
the immobilized biocomponent retained in comparison to
the free cell system.

2.5. Optimization of response time and
linear range of Ni(II) detection

The detection of Ni(II) was based on the inhibition of the
enzyme activity. There is increased inhibition with increas-
ing concentrations of Ni(II) ions having a linearity between
the concentration of metal ion and the percentage (%) inhi-
bition caused by it. The response time of detection was op-
timized by studying the reaction at 30 second intervals and
their corresponding percentage (%) inhibitions.

The % inhibition is calculated from the relative activity
(RA) as follows:

RA = Δ mV(inhibited)

Δ mV(uninhibited)
, % inhibition = (1− RA)× 100.

(2)

2.6. Application and reliability of
the developed biosensor

The developed microbial biosensor was applied to an electro-
plating industrial effluent; and a wheat flour sample that was
pretreated by acid digestion and specific Ni(II) complexation
with dimethylglyoxime in the presence of other cations, and
the reliability was checked by adding known amounts of the
heavy metal to the samples and determining the concentra-
tion of the heavy metal ion based on % inhibition.

3. RESULTS AND DISCUSSION

Figure 1 shows the rod shaped cells of the urease yielding
gram +ve B. sphaericus isolated from soil.

A calibration curve for NH+
4 as prepared using various

concentrations of ammonium ions is shown in Figure 2.
The curve exhibits a Nernstian slope of 57.9 mV at 25◦C.

With the prolonged use of the NH+
4 ISE and with minor

changes in environmental conditions there is a small varia-
tion in the slope value:

(i) slope mean: 55.07,
(ii) standard deviation: ±3.80,

(iii) coefficient of variation: 6.9%.

The enzyme assay for free and immobilized system was
compared to study the activity of the immobilized biocom-
ponent retained in comparison to the free cell system. The re-
sults in Figure 3 indicate that as hydrolysis proceeds, the sub-
strate availability towards the microbial enzyme increases,
also indicating the outward cell membrane-based location of
the urease from the isolated strain.

The detection of Ni(II) was based on enzyme inhibition.
The inhibition principle is based on the effect of metal ion
Ni(II) on the microbial urease. The activity of urease is inhib-
ited in the presence of Ni(II). The postulated mechanism of
enzyme inhibition is based on the interaction of the metal ion
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Figure 1: Urease yielding B. sphaericus MTCC 5100 isolated from
soil.
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Figure 2: Calibration curve of NH+
4 ISE.
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Figure 3: Residual activity of different biocomponents (probes) as
a function of hydrolysis time.

with exposed thiol or methylthiol groups of protein amino
acids [14] and to the nonspecific binding of the heavy metal
to the sulfhydryl groups [4] leading to a loss of its activity
that is inhibition. The optimum response time was 1.5 min-
utes. It is the optimum time for all ranges of concentration.
Figure 4 shows the optimization of response time for inhibi-
tion shown at 0.04 ppb (0.68 nM) Ni(II).

Figure 5 shows the inhibition caused by various concen-
trations of Ni(II) as recorded by the potentiometer on hy-
drolysis at pH 7.5 at a temperature of 25◦C with 33.3 mM
urea solution at a response time of 1.5 minutes. The linear
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Figure 4: Optimization or response time for Ni(II) determination.
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Figure 5: Linear range for Ni(II) determination (potentiometer).

Table 1: Reliability of the developed biosensor.

Effluent
Pretreated food

sample
Δ mV(uninhibited) 20.5 21.7
Δ mV(inhibited) 18.1 17.5
% inhibition 11.7% 19.3%
Conc. (from graph) 0.25 ng 0.44 ng
Δ mV(uninhibited) 20.6 22.0
Conc. of sample (added) 0.125 ng (0.25/2) 0.22 ng (0.44/2)
Conc. of Ni(II) added 0.125 ng (0.25/2) 0.22 ng (0.44/2)
Δ mV(inhibited) 18.4 17.3
% inhibition 10.7% 21.3%
% reliability 91.5% 90.6%

range is 0.002–0.04 ppb (0.03–0.68 nM). For experimental
purposes PVC ware was used as glass adsorbs metal ions.

The developed biosensor was applied to monitor the
presence of Ni(II) in an electroplating industrial effluent and
in pretreated food sample. The reliability was checked by
adding known amount of the metal ion into the samples and
then determining the % inhibition caused and hence the cor-
responding concentration from the linear scale developed.
The concentration of Ni(II) in the effluent was 100 ppm and
in the food sample was 0.044 ppm, with reliabilities of 91.5%
and 90.6%, respectively, as shown in Table 1.
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