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Abstract
Sol-gel synthesized nickel oxide (NiO) film deposited onto indium tin oxide (ITO) coated glass
plate has been utilized for the development of sensitive and stable DNA biosensor and
demonstrated for diagnosis of Visceral Leishmaniasis also known as Kala-azar. Leishmania
specific sensor is developed by immobilizing 23mer DNA sequence (oligonucleotide) identified
from 18S rRNA gene sequences from Leishmania donovani. Characterization studies like X-ray
diffraction and Scanning Electron Microscopy revealed the formation of nano-structured NiO,
while immobilization of single strand (ss)-DNA of Leishmania was supported by UV-visible,
Fourier Transform Infrared Spectroscopy and Scanning Electron Microscopy techniques.
Response studies of ss-DNA/NiO/ITO bioelectrode are carried out using differential pulsed
voltammetry in presence of methylene blue redox dye as a redox mediator. A linear response is
obtained in the wide concentration range of 2pg/ml to 2μg/ml of complementary target genomic
DNA (parasite DNA) within the variation of 10% for 5 sets of studies. The observed results holds
promise for not only diagnosis of Kala-azar patients but also enormous potential of the nano NiO
based probe for development of stable and sensitive biosensors.
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1. Introduction
The protozoan parasites of the genus Leishmania are the causative agents of a group of
diseases called Leishmaniasis or Kala-azar, endemic in more than 98 countries worldwide 1.
Visceral Leishmaniasis (VL) is a debilitating protozoan disease, next only to malaria and TB
in terms of annual incidences and severity. It is a potentially fatal vector-borne parasitic
disease due to infection by L. donovani in the Indian subcontinent and Eastern Africa2.
Proper diagnosis is necessary for suitable treatment strategies because the clinical symptoms
are not specific enough to allow diagnosis of a VL infection and evaluating prognosis. The
disease is generally confirmed by microscopic demonstration of the parasite in bone marrow
or spleen aspirates which is considered to be the “gold standard” for the diagnosis of VL but
requires invasive sampling techniques which are occasionally fatal 1, 2. As clinical features
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of VL mimics several other common diseases, accurate diagnosis of VL becomes an
important issue as the treatment is associated with significant toxicity. Serological tests
using rK39 antigen is most promising tool for diagnosis of VL using ELISA or strip3.
Despite of high sensitivity of rK39 antigen it has no prognostic value 4. Other serological
tests like IFAT and immunoblotting have shown high sensitivity and specificity but are
restricted to research laboratories only due to complex procedures and again cannot
discriminate between past and current infections 5-8. Traditional laboratory diagnosis of this
infection is carried out by microscopy, culture and PCR techniques 9-12. Efforts are being
made towards the development of sensitive, noninvasive and cost effective and specific VL
sensing techniques. The basic element of a DNA sensor is single strand oligonucleotide (ss-
DNA) probe, immobilized on the transducer surface (here NiO coated ITO electrode). The
development of sensing probes immobilized with single strand (ss-DNA) is found to be the
most crucial part which decides sensitivity of response, stability and accuracy of the
biosensor. The surface property variations, after hybridization with complementary ss-DNA
(target strand) are subsequently measured by various analytical techniques including optical
methods via fluorescence labeled oligonucleotides, quartz crystal microbalance, surface
plasmon resonance and electrochemical analysis 13-15.

Electrochemical DNA biosensors based on nucleic acid hybridization have received
considerable attention due to their potential application for the diagnosis of various
diseases 16–22. They offer great advantages due to simplicity, speed, miniaturization,
sensitivity, selectivity and low cost for detection of desired DNA sequence or mutant
genes 23–25. Immobilization of the ss-DNA has been studied over a variety of substrates/
electrodes using various methods such as adsorption, covalent coupling and entrapment 26.
However, various issues were raised like poor compatibility of immobilizing materials with
the transducer, poor binding of DNA, mismatching of conductivity, creation of inactive or
poor conducting layers, less surface area and poor stability. Very recently semi conducting
nano metal oxide materials have shown promising role for electrochemical transduction of
DNA-sensing events because of having high ionic conductivity, capacitive action, catalytic
properties, large surface area and high isoelectric point (Ip) 27-28.

Recently, Choi et al. have fabricated a nano-porous niobium oxide film for label free
detection of DNA hybridization events 29. In another approach, a nucleic acid sensor has
been fabricated using a single-stranded DNA-immobilized multiwall carbon nanotube–nano-
ZrO2–chitosan-modified glassy carbon electrode 22. Solanki et al. have more recently
reported application of a nano-structured ZrO2 film modified electrode for detection of DNA
hybridization 30. Various methods like electrochemical deposition, sol-gel technique, CVD,
sputtering etc. have been adopted to form the nano oxide material coating over the
transducers. The sol–gel method is considered particularly more attractive for the
development of desired metal oxide electrodes because it is simple and fast. Moreover, sol–
gel materials can be prepared under ambient conditions and exhibit tunable porosity, high
retention capacity, high surface area, biocompatibility, excellent thermal stability, chemical
inertness and negligible swelling in aqueous and non-aqueous solutions 31-34. Besides this, a
sol-gel derived nano-porous film can retain its bioactivity at different environmental and
experimental conditions such as pH and temperature and can be used for direct electron
transfer between bio-molecules and the electrode.

Past research on nano-sized NiO has demonstrated its excellent catalytic, magnetic,
electrochromic, optical and electrochemical properties 35-38. Nano structured NiO has also
been used for the immobilization of various enzymes and direct voltammetry. Moghaddam
et al. and Salimi et al. have demonstrated excellent biocompatibility, direct and enhanced
electron transfer and electrochemical properties of NiO nano-particles which can be put to
biosensor applications 36, 37. In a later study by Salimi et al. the electrochemical oxidation of
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guanine on the guanine/NiOx-modified glassy carbon electrode showed high sensitivity for
the pM detection of insulin 38.

The Isoelectric Point of NiO which is 10.8 is comparatively higher than the other metal
oxides like ZnO, ZrO2, TiO2 etc. which have been recently used for the biosensors
applications. Therefore, NiO can serve as an excellent matrix for the better immobilization
of the biomolecules. In addition, NiO is stable and has much better electro-catalytic and
electron transfer properties thus enhancing the intensity of the electrochemical signal viz.
sensing current suitable for detection of the analyte at very low concentration levels 37-39.

In this work, successful attempts have been made towards the fabrication of voltammetry
based VL (Kala-azar) biosensor by immobilization of single-stranded DNA on the surface of
the nano structured NiO film deposited on ITO conducting glass plate. Methylene blue
(MB), a well-known hybridization indicator of DNA due to its association with the free
guanine bases of single-strand DNA 40, 41 is used to generate a marked electrochemical
signal for ss-DNA and hybridized DNA. Electrochemical reduction of MB (using a trace
amount) is used to get indication of presence of single strand of DNA and hybridization
process. A linear response is obtained in the wide concentration range of 2pg/ml to 2μg/ml
of complementary target genomic DNA (parasite DNA) within the variation of 10% for 5
sets of studies.

2. Experimental
2.1 Materials

All chemicals were purchased from Sigma–Aldrich. Leishmania specific probes (23 bases)
were identified from the 18S rRNA gene sequences from L. donovani (Gen Bank Accession
ID X0773). The 50 mM phosphate buffer saline of pH 7 having 0.7% NaCl is used for
experiment and mentioned as phosphate buffer saline in the text.

2.2 Probe design
Since DNA probes are of crucial importance to the success of any genosensor based assay, a
rigorous bioinformatics analysis was done to design the probe (in the Institute of Medical
Sciences, BHU). The 23mer ss-DNA probe was synthesized by Metabion, Germany. The
sequence of the probe (5′GCCGAATAGAAAAGATACGTAAG3′) was taken from
elsewhere 42. 18S rRNA gene was chosen as the target region. 18S rRNA gene sequences
from L. donovani (Gen Bank Accession ID X0773), T b. gambiense (AJ009141) and T. cruzi
(AF303660) were aligned with using ClustalW software version 2
(http://www.ebi.ac.uk/Tools/clustalw2) and probe was designed using the most stringent
conditions allowed in the software package against the conserved regions by using OLIGO4
primer analysis software (Molecular Biology Insights, Inc., Cascade, CO, USA). Specificity
of the probe was examined using the BLAST program at NCBI site
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.3 Cultured Isolates and Genomic DNA Extraction
Splenic aspirate containing Leishmania donovani parasites was collected in Novy Mac-
Neal-Nicolle media containing biphasic media (blood-agar and RPMI) in sterile condition
and cultured at 260C in BOD incubator to get promastigote form of parasite (in the Institute
of Medical Sciences, BHU). Approximately 107 (number of parasites in logarithmic phase
of their growth curve) phase promastigotes of isolates were harvested from culture by
centrifugation. The pellets were washed 3 to 4 times with chilled 50 mM phosphate buffer
saline (pH 7.0 and 0.7% NaCl) and suspended in 750μl of NET buffer (5M NaCl, 0.5M
EDTA, 1M Tris Buffer pH 8.0). Cells were lysed with Proteinase K (100 μg /ml) and 1%
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Sodium dodecyl sulphate for 3-4 hrs at 56°C. Total DNA was extracted by standard Phenol-
chloroform method as described earlier.43 The parasitic DNA was then diluted in 10 fold
serial dilutions starting from 20ng up to 0.002pg.

Genomic DNA Extraction from healthy individual—Total genomic DNA was
extracted from 2 ml of blood obtained from healthy individual by using standard Phenol-
chloroform method as described earlier. 43

2.4 Preparation of NiO nanoparticles and modified ITO electrode
2.37g of NiCl2.6H2O (0.2 M) was dissolved in 50 ml of deionised water. 25ml of 1M NaOH
solution was added to the nickel chloride solution drop by drop under constant stirring till
pH 7.5. A green precipitate of Ni(OH)2 was formed after some time. The solution was
allowed to settle overnight and the Ni(OH)2 precipitate was separated using centrifugation
followed by 2-3 times washing with water. The precipitate was further dissolved in 2-
propanol (minimum amount) with constant stirring followed by addition of 10 drops of
acetic acid (1.5 M) as chelating agent. The sol thus obtained was continuously stirred for an
hour at ambient temperature to get gel. A green colored gel was obtained due to the
reactions involved as in the scheme given below 44.

2.5 Immobilization of DNA
ITO/NiO surface was washed with phosphate buffer saline and dried in nitrogen atmosphere.
10μl of 23mer oligonucleotide (ss-DNA, 26.7 nM) specific to L. donovani was immobilized
onto ITO/NiO electrode and allowed to 10-15 minutes incubation to physically adsorb over
the surface of NiO (in a humid chamber at 25°C). The ITO/NiO/ss-DNA electrode was then
subsequently washed with phosphate buffer saline to remove weakly adsorbed ss-DNA. It
was stored at 4°C in a sealed container after drying in nitrogen environment when not in use.

2.6 Hybridization over ss-DNA probe
ss-DNA immobilized probe as discussed above was used for hybridization studies using full
genomic DNA of L. donovani or healthy human genome. Hybridization process was
achieved in 5 ml vial by taking full genomic DNA followed by dehybridization
(denaturation) of the target ds-DNA. Ds-DNA solution was first sonicated and the heat
treatment of the genomic ds-DNA at 92-94°C was carried out for 3 minutes followed by
cooling for 3 minutes at 75°C. During cooling step ss-DNA immobilized probe was dipped
in the solution for hybridization. Hybridization was studied by incubation of probe in MB
solution after washing.

2.7 Measurement and Instruments
The ITO/NiO and ITO/NiO/ss-DNA electrodes were characterized using UV-visible
spectrophotometer (UV-vis), Fourier transform infrared spectroscopy (FT-IR), Scanning
Electron Microscopy (SEM) techniques, differential pulse voltammetry (DPV) and X-ray
diffraction (XRD) techniques.

DPV measurements were carried out by electrochemical workstation 17041C CH
instruments Inc. (USA), using a three-electrode cell configuration with Ag/AgCl electrode
as a reference electrode and platinum foil as a counter electrode in 10ml of phosphate buffer
saline. UV-vis and FT-IR analysis were carried out with Lambda-25 UV-visible
Spectrophotometer, Perkin-Elmer, Germany and 8400 FT-IR, Schimadzu, Japan
respectively. SEM images were taken using ZEISS Supra 40 SEM. X-ray diffraction (XRD)
patterns were recorded using 18 kW rotating anode (Cu) based (Rigaku, Japan) powder
diffractometer operating in the Bragg-Brentano geometry and fitted with a graphite
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monochromator in the diffracted beam. Data were recorded at a scanning rate of 4°/min at 6
kW energy.

3. Result and Discussion
3.1 X-Ray diffraction

X-ray diffraction pattern was recorded for NiO film annealed at 400°C for 1h to confirm the
formation of NiO, purity and particle size of the NiO. The observed peaks were matched
with the corresponding pure cubic-structured crystalline NiO 35.

Characteristic peaks were observed at 2θ=37.16°, 43.13°, 62.72°, 75.2°, and 79.25° assigned
to the (111), (200), (220), (311) and (222) crystal planes, respectively as shown in Fig. 1.
The indexed peaks were fully consistent with the cubic-structured crystalline NiO (JCPDS
47-1049) 35. The cell parameter was obtained as 4.1862 A°. No impurity peaks such as
Ni(OH)2, Ni2O3, or other phases were observed in the pattern which further confirmed the
pure phase formation of the cubic NiO using sol-gel method. The NiO crystallite size was
calculated using following Scherer formula. 45

(1)

Where k is a constant which is taken as 0.9, λ is wavelength of X-rays used (15.406 nm), ß
is full width at half maximum obtained as 0.74 radians for 2θ= 43.13 and θ is the angle of
diffraction. The average diameter of NiO nano particles was found to be about 40 nm.

3.2 UV-vis studies
A strong absorption was observed at wavelength about 345 nm as shown in Fig. 2 can be
attributed to intra-3d transition of Ni2+ in the cubic structure of NiO 35, 46. The characteristic
peak of NiO at wavelength about 345 nm is shifted at 339 nm after immobilization of ss-
DNA along with the presence of new absorption peak at 270 nm which appeared due to the
DNA bases 47. The presence of characteristic peak of DNA and shift in the peak of NiO
support the immobilization of ss-DNA onto the surface of NiO oxide matrix and formation
of ss-DNA coated NiO film.

3.3 FT-IR studies
The Fourier transformed infrared spectroscopy of the as-synthesized sample was performed
as shown in Fig. 3. The peak at 450 cm−1 in spectrum, (curve a), showing Ni–O bond 35, 48.
This peak shifted to 441 cm−1 on immobilization with ss-DNA. The peaks at 671, 1034,
1421 and 1571 cm−1 in both the curves (a) and (b) are due to the various stretching and
bending vibration modes of Ni-O bond 49. Also the two new peaks at 1626 cm−1 and 1745
cm−1 (curve-b) due to characteristic cytosine and guanine bases of the DNA molecule
confirmed the stable immobilization of ss-DNA. 50 Intensity of NiO peaks decreased after
immobilizing ss-DNA over NiO.

3.4 Scanning Electron Microscopy Studies
The surface morphology of the as-prepared NiO nanoparticle film and annealed at 400 °C
for 1 hour as well as NiO film immobilized with ss-DNA, has been studied by scanning
electron microscopy. It is clearly observed in SEM that the nanoparticles are extra-fine, and
uniformly distributed on the ITO coated glass substrate (cf. Fig. 4-a). The morphology of
nano NiO changes into dense morphology consisting of large globules like thick clusters as
can be seen in Fig. 4-b, after immobilization of the ss-DNA, which revealed presence of ss-
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DNA onto NiO/ITO electrode. This is probably adsorption of the ss-DNA over nanoparticles
and agglomeration of the particles in presence of DNA.

The mechanism of immobilization of DNA onto NiO/ITO surface occurs due to the
electrostatic interactions between NiO surface and DNA molecules as shown in the Fig. 5.
At the physiological pH 7.5, NiO having a high isoelectric point (IEP) of 10.8 behaves as a
positively charged matrix which is suitable for adsorption of negatively charged DNA
molecules due to its low IEP of 4.2. Hence the positively charged NiO nano-particles not
only provide a biocompatible environment for immobilizing negatively charged DNA
molecules, but also promote electron transfer between DNA and the electrode 30, 39, 51.

3.5 DPV studies
Electrochemical studies for nucleic acid hybridization—DPV studies (Fig. 6.) of
ITO electrode, NiO/ITO electrode, ss-DNA/NiO/ITO, ds-DNA/NiO/ITO bioelectrodes in
phosphate buffer saline (at pulse height of 50 mV) with methylene blue (MB, 20 mM) as an
indicator have been conducted to distinguish presence of ss-DNA and double stranded ds-
DNA onto electrode surface.

Immobilization of the ss-DNA for development of sensing probe was done as described
above. The hybridization event was carried out first by dehybridizing (denaturation) of the
target ds-DNA51, 52 (as discussed under experimental) followed by incubation in MB
solution. A peak was observed at −0.19V due to the reduction of MB. The increased
magnitude of electrochemical current response observed for NiO/ITO electrode (Fig. 6.b) is
higher than that of ITO indicating the large surface area of NiO for electro-reduction
process. MB binds with the guanine moieties of the DNA molecules. The magnitude of
current response further increases for ss-DNA/NiO/ITO bioelectrode (Fig. 6.c), due to
strong affinity of MB with free guanine bases and hence greatest amount of MB
accumulation occurs at the electrode surface. However, a significant reduction in current is
obtained on incubating with the complementary sequence (Fig. 6.d) due to decreased MB
accumulation on the ds-DNA/NiO/ITO bioelectrode since the guanine bases become
inaccessible to MB after hybridization takes place.

Detection of VL (Kala-azar) from clinical isolates—Nucleic acid (oligonucleotide)
functionalized NiO/ITO based sensor has been used for the detection of L. donovani in
cultured isolates. Fig. 8, which shows response of ss-DNA/NiO/ITO bioelectrode to detect
the presence of complementary target sequence of L. donovani in cultured isolates.
Electrochemical response of ss-DNA/NiO/ITO bioelectrode after hybridization with
different concentrations of 2fg/μl, 0.02pg/μl, 0.2pg/μl, 2pg/μl, 0.02ng/μl, 0.2ng/μl, 2ng/μl of
target genomic DNA (L. donovani) has been studied by DPV technique in phosphate buffer
saline using methylene blue as an indicator (Fig. 8. A. b-g). It has been observed that
magnitude of the current with respect to methylene blue decreases with the increase in target
genomic DNA concentration (Fig. 8. B). This may be explained due to the enhanced number
of double stranded DNA molecules at the surface of the bioelectrode with the increase in
target genomic DNA concentration which results in the steric inhibition to methylene blue
dye and also due to the blocking of guanine sites due to the double helix formation at the
electrode surface. Wide concentration range linearity was observed with detection level of
2fg/μl concentration. The sensor showed reproducibility as the deviation was within 10%
from the mean value of the readings of 5 sets.

Detection of mismatch in target DNA—Our system was efficient enough to detect
mismatch target DNA obtained from healthy person. Figure 9 shows the differentiation
between DNA of healthy person with the DNA of the VL affected patient. The peak current
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of ss-DNA/NiO/ITO electrode obtained is 4.58*10−5 A which decreases after hybridization
with the DNA of the VL affected patient to 1.88*10−5 A, while showed 4.56*10−5 A after
hybridization with target DNA of healthy person.

Conclusion
Sol-gel synthesized nano structured nickel oxide (NiO) film deposited onto indium tin oxide
(ITO) coated glass electrode has been used for the development of a genosensor for the
precise diagnosis of VL (Kala-azar). It was characterized using various techniques and
found that the sol-gel derived nano-structured NiO film is an excellent matrix for the
immobilization of the DNA and development of genosensors. Further it was demonstrated
using 23mer DNA sequence (oligonucleotide) of L. donovani species for DNA hybridization
detection. The ss-DNA–NiO/ITO bioelectrode was used for detection in clinical isolates,
which exhibits linearity in the wide concentration range of 2pg/ml to 2μg/ml of
complementary target genomic DNA (parasite DNA) within the variation of 10% from the
mean value for 5 sets of studies. Besides this, the bioelectrode is found to be highly specific
to distinguish between DNA from L. donovani and genomic DNA from healthy person with
the help of DPV electrochemical technique. We are in process of investigating the
performance of our kala-azar sensor in clinical samples since we got encouraging results in
this Phase I study on cultured isolates. Our assay could be a promising new tool for
molecular detection of kala-azar and other leishmanial diseases.
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Fig. 1.
X-Ray diffraction pattern of sol–gel derived nano-structured NiO film annealed at 400°C for
1h.

Mohan et al. Page 10

Analyst. Author manuscript; available in PMC 2012 July 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
UV-vis absorption spectrum of (a) nano-structured ITO/NiO film (b) ITO/NiO/ss-DNA film
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Fig. 3.
FT-IR spectrum of the (a) nanostructured NiO/ ITO thin film (b) ss-DNA/ NiO/ ITO sol-gel
film.
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Fig.4.
SEM images of (a) pure NiO (b) NiO nanoparticles after immobilization with ss-DNA.
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Fig. 5.
Schematic representation of sensing mechanism over the bioelectrode (ordered arrangement
of ss-DNA is just assumption for easy presentation).
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Fig.6.
Differential pulse voltammograms (at a pulse height of 50 mV) of (a) ITO electrode, (b)
NiO/ITO electrode, (c) ss-DNA/NiO/ITO bioelectrode, (d) ds-DNA/NiO/ITO bioelectrode
in phosphate buffer saline and methylene blue (20 mM).
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Fig.8.
(A) Differential pulse voltammograms (at a pulse height of 50 mV) of (a) ss-DNA/NiO/ITO
bioelectrode and (b-d) showing response of the ss-DNA/NiO/ITO bioelectrode after
hybridization (60 s hybridization time) with complementary target probe concentration
0.002pg -200pg in phosphate buffer saline and methylene blue (20 mM). (B) Showing the
calibration graph of the same concentration range in which the unknown sample detected
(detection limit is 0.02 ±0.002ng/μl).
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Fig.9.
Differential pulse voltammograms of (a) ss-DNA/NiO/ITO bioelectrode (b) ds-DNA/NiO/
ITO (after hybridization with complementary target DNA) (c) DNA of healthy person (d)
DNA of diseased person in phosphate buffer saline and methylene blue (20 mM).
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Scheme 1.
Scheme for the formation of NiO nanoparticles by sol-gel method.
The obtained sol-gel solution was used to fabricate film onto ITO coated glass plates. Gel
was coated over ITO by dip coating method and calcined at 400°C in a furnace for an hour
to obtain Nickel Oxide (NiO) thin film over ITO glass plate (ITO/NiO).
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