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Electrochemically fabricated nano-composite film of chitosan (CH)-iron oxide (Fe;04) has been used to
detect gonorrhoea, a sexually transmitted disease (STD) via immobilization of biotinylated probe DNA
(BDNA) using avidin-biotin coupling for rapid and specific (mismatch-discriminating) DNA hybridization.
The presence of Fe304 nanoparticles (~18 nm) increases the electro-active surface area of the nano-
biocomposite that provides desirable environment for loading of DNA with better conformation leading
to increased electron transfer kinetics between the medium and electrode. The differential pulse voltam-
metric (DPV) studies have been conducted using BDNA/avidin/CH-Fe304/ITO electrode owing to the
reduction of the methylene blue (MB) indicator and investigate electron transfer between MB moieties
and electrode for one and two-bases mismatch. This STD biosensor is found to have a detection limit
(1 x 10~15 M) and a wide dynamic range (from 1 x 10" M to 1 x 10~% M) using the complementary target
DNA. In addition, the sensing system can be utilized to accurately discriminate complementary sequence
from mismatch sequences.

Keywords:

Neisseria gonorrhoeae

Sexually transmitted disease
Chitosan-Fe304 nanostructure
Methylene blue
Electrochemical sensor

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Gonorrhoea is a bacterial sexually transmitted infection (STI)
caused by Neisseria gonorrhoeae (Whitehead et al., 2007). Global
estimates indicate that 62 million infections occur each year attest-
ing to its public health importance. Current incidence figures
indicate that it is the highest in 53 years (WHO, 2001). Due to
the limitations of the conventional methods of diagnosis; i.e.,
microscopy and culture, in terms of sensitivity and specificity espe-
ciallyin the case of female patients (Mukenge-Tshibaka et al.,2000),
the increased use of molecular methods is being widely advocated.
Polymerase chain reaction (PCR) has been the most widely used
amplification method and is being carried out in various laborato-
ries worldwide for the diagnosis of gonorrhoea. A sensitivity of up
to 100% and a specificity of up to 99.5% can be obtained using PCR,
depending upon the gene being amplified and the target popula-
tion in which the PCR has been evaluated. However, the sensitivity
decreases considerably in urine samples resulting up to 50% false

* Corresponding author. Tel.: +91 11 45609152.
E-mail address: bansi.malhotra@gmail.com (B.D. Malhotra).

0956-5663/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
d0i:10.1016/j.bios.2010.11.047

negatives (Smith et al., 2005). Fabrication of a DNA based biosen-
sor for the detection of N. gonorrhoeae may provide an alternative
diagnostic methodology may be used to examine patients using
non-invasive self-collected specimen, e.g., urine and at the same
time may aid in identifying asymptomatic patients due to its high
sensitivity. In this context, the specificity of any diagnostic test for
N. gonorrhoeae is a very critical parameter as it has a 93% homol-
ogy with Neisseria meningitidis at DNA level (Tabrizi et al., 2004).
Also, the gonococcus has awell-developed capacity for genetic vari-
ation and recombination making cross-reaction with commensal
Neisseria sp. a common phenomenon. The present study has been
carried out to evaluate the biotinylated probe DNA in terms of its
mismatch-discriminating capacity using a panel of oligonucleotide
sequences with mismatches introduced at different positions.
Metal nanoparticles and conducting polymers are playing an
important role in the fabrication of nanodevices for the diagno-
sis of the infectious diseases (Peppas et al., 2006) because of their
unique properties like large surface-to-volume ratio, high surface
reaction activity, high catalytic efficiency, strong adsorption abil-
ity, particle size, electrical properties, and surface properties (lida
etal.,2007) that are helpful for the immobilization of biomolecules.
One of the major discoveries in the application of nanoparticles
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relates to the realization of the steric stabilization that may increase
the nano-particle stability in the biological environment for the
application to biosensing. In this context, Fe304 nanoparticles have
been found to play distinct roles in chemical, medical and indus-
trial fields (Gong et al., 2007) because of their interesting magnetic
properties, biocompatibility, and potential applications in the field
of clinical diagnostics (Guo et al., 2007) and sensors (Katz et al.,
2005). However, their tendency to aggregate limits their biosensing
applications. Dispersing Fe304 in a suitable matrix like chitosan to
prevent aggregation is an interesting alternative. Now-a-days, sev-
eral techniques have been developed to fabricate Fe304 films (Loh
et al.,, 2008), including sputtering (Tripathy and Adeyeye, 2005),
dip coating (Cao et al., 2003), Langmuir-Blodgett deposition (Lee
et al., 2007) and layer-by-layer electrochemical deposition (Huang
etal., 2004). Among these, electrochemical technique has attracted
much interest for the fabrication of matrix because of simplicity,
easy controllability to tailor desired properties with the advantage
of uniformity.

The electrochemical approach for the synthesis of CH/Fe304
nanostructured composite onto ITO substrate, without using a tem-
plate, catalyst, or surfactant is considered to be a facile method. It
is known that CH is an interesting material with both strong inter-
and intra-molecular hydrogen bonding interactions due to pres-
ence of the hydroxyl and amino groups. And with these functional
groups, CH has an intrinsically strong affinity to many different
types of biological substances. In our approach, the subtle varia-
tions of hydrogen-bonding interactions under the applied electric
field are expected to act as driving force to direct anisotropic growth
of CH nanostructure along with Fe304 nanoparticles. It has been
demonstrated that nanoscale morphology of CH can be adjusted by
tuning reaction conditions during electrochemical synthesis.

We report results of studies relating to fabrication of
CH-Fe304/ITO nano-biocompatible composite for the detection
of N. gonorrhoeae using DNA hybridization technique. Detec-
tion of nucleotide mismatches using an electrochemical approach
offers benefits of an ultrasensitive detection method without any
prior labeling and signal-amplification procedure. Keeping this in
view, we attempt to fabricate an electrochemical sensor for the
detection of N. gonorrhoeae and systematically analyse mismatch-
discriminating DNA hybridization.

2. Experimental
2.1. Chemicals and reagents

Chitosan, methylene blue (MB), tris base, ethylene diamine tetra
acetic acid (EDTA), potassium monohydrogen phosphate, potas-
sium dihydrogen phosphate, iron-oxide (Fe30,4) nanoparticles and
avidin (Avi) have been procured from Sigma-Aldrich, USA. Indium-
tin-oxide (ITO) coated glass plates (0.25 cm?) have been obtained
from Balzers, UK. All other chemicals are of analytical grade.
Deionized water (resistance ~18.2 M{2) from the Millipore water
purification system has been utilized for preparation of the desired
aqueous solutions. All the solutions and glassware are autoclaved
prior to being used.

2.2. Synthesis of DNA sequences

Oligonucleotide probe sequence for specific detection of N. gon-
orrhoeae has been identified from the opa gene (a multi-copy gene)
of N. gonorrhoeae. All oligonucleotide sequences have been pro-
cured from Sigma-Aldrich, USA. The oligonucleotide sequences,
matched and mismatched duplex DNA used for immobilization in
this study are shown in Tables 1a and 1b. Probe: BDNA or biotin
(GenBank accession no: PUID 9716119 snum 2705).

Table 1a
Oligonucleotide sequences used for immobilization.

S.no. Oligonucleotide Sequence

Probe DNA: biotin (BDNA) 5'-CCGGTGCTTCATCACCTTAG-3’

Complementary target DNA (cDNA) 5'-CTAAGGTGATGAAGCACCGG-3’
One-base mismatch DNA (OBM1)  5'-CTAAGTTGATGAAGCACCGG-3’
One-base mismatch DNA (OBM2)  5'-CTAAGGTGACGAAGCACCGG-3'
Two-base mismatch DNA (TBM1) 5'-CTAAGTTGATGAAACACCGG-3'
Two-base mismatch DNA (TBM2)  5-CTAGGGTGACGAAGCACCGG-3'
Two-base mismatch DNA (TBM3)  5-CTAAGTTGACGAAGCACCGG-3'

N AWN =

2.3. Electrochemical deposition of CH-Fe304 onto ITO electrode

Chitosan (0.50%) solution is prepared by dissolving CH (50 mg)
in 10 mL of acetate buffer (0.05M, pH 4.2) and is kept for 4 days
to obtain a clear solution at 25°C. 5mg of Fe304 nanoparticles
is dispersed in CH solution by stirring at room temperature after
whichitis sonicated for about 10 h. Finally, a highly viscous solution
of CH with uniformly dispersed Fe304 nanoparticles (character-
ized by X-ray diffraction (XRD), vibrating sample magnetometeric
(VSM), please see Supplementary fig. 1a,b) is obtained and used
for electrochemical deposition. CH and Fe30,4 nanoparticles have
been taken as 10:1 to prepare CH-Fe304/ITO nano-composite
film which exhibits maximum electrochemical current response
(Kaushik et al., 2008). CH-Fe304/ITO nano-composite films are
prepared onto ITO plate (0.25 cm?) using the electrochemical depo-
sition of quiescent solution of CH-Fe304. ITO substrates are chosen
because it is known that an oxide surface can interact strongly
with -OH and -NH; of CH (Li et al., 2005). The ITO plates are pre-
cleaned with acetone, ethanol, and a copious amount of deionized
water. To obtain uniform distribution of OH group on ITO sur-
face, ITO plates are immersed in a solution of H,0,/NH4OH/H,0
(1:1:5, v/v) for 30 min at 80 °C for hydrolysis, after which they are
rinsed thoroughly with deionized water and dried. The deposition is
performed chrono-amperometrically at —1.0V for 360 s (via inter-
mittent washing using autoclaved Millipore water after every 120 s
of deposition). Then, the electrode is rinsed with autoclaved Milli-
pore water three times to remove any unbound particles and then
air-dried. In this way, a robust and highly ordered CH-Fe304/ITO
nano-composite is obtained. In addition, in a separate experiment,
when CH solution is drop-cast onto a substrate (which is equiva-
lent to a deposition at zero potential), only featureless CH particles
are formed, without any specific nanoscale morphology (data not
shown). The results show that application of an electric potential is
essential for the formation of CH-Fe304/ITO nanostructure. It may
be noted that the pre-eminent morphology is known to be depen-
dent on the applied potential. However, this voltage-dependence
implies that the formation of CH nanostructure requires extra
energy. We propose that the extra energy facilitates configura-
tions with induced alignment and uniformity, which is originally
restricted to a layered molecular structure bound by the intra and
intermolecular hydrogen bonds (Okuyama et al., 1997).

2.4. Functionalization of probe DNA onto electrochemically
fabricated CH-Fe304/ITO electrode

DNA solutions are prepared in tris-EDTA buffer. After electrode-
position, biotin labeled DNA is immobilized onto CH-Fe304/ITO
nano-composite electrode using avidin as a cross-linker under opti-
mized conditions with gentle shaking. 10 pL of avidin (1 mg/mL)

Table 1b
Matched and mismatched duplex DNA used for immobilization onto the electrode.

1+2 1+3  1+4 1+5 1+6 1+7
Matched (C-T)6 (A-C)10 (C-T,C-A)6,14 (T-G,A-C)4,10 (C-T,A-C)6,10
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Scheme 1. Schematic representation of electrochemical deposition of highly ordered CH-Fe;04/ITO nano-composite and application of electrochemically fabricated N.
gonorrhoeae DNA-immobilized electrode for rapid and mismatch-discriminating DNA hybridization.

(activated using 15mM EDC and 30mM NHS for 2h at 25°C)
is immobilized onto CH-Fe304/ITO nano-composite surface.
Avi/CH-Fe304/ITO electrode is then washed with autoclaved Mil-
lipore water and is subject to 5min incubation with 10 nL of
20-mer biotinylated oligonucleotide probe (1.0 wM) in a humid
chamber at 25°C (Scheme 1 and Supplementary data). The BDNA-
Avi/CH-Fe304/ITO bioelectrode is hybridized with complementary
target oligonucleotide for about 60's at 25°C.

3. Results and discussion

3.1. Fourier transform infrared (FTIR) and atomic force
microscopy (AFM) analysis

The FTIR spectra (Fig. 1a) of pure CH/ITO (curve i) displays all
the IR bands corresponding to functional groups present in pure
CH (Tian et al., 2003). The IR bands corresponding to -NH and
OH stretching modes are shifted to the lower wave number in the
IR spectra of CH-Fe304/ITO nano-composite film (curve ii), cor-
responding to pure CH. This indicates that amine group of CH is
involved in assembling of the Fe30,4 nanoparticles. The absorption
band of Fe;04 nanoparticles appears at 582cm~! arising due to
both the stretching vibration mode and tensional vibration mode
of Fe-0 bond in the tetrahedral and in the octahedral sites. The
FTIR spectra of Avi/CH-Fe304/ITO bioelectrode (curve iii) show
characteristic peaks at 1565 and 1658 cm~! that are attributed to
primary and secondary amide linkages of avidin molecules. In the
FTIR spectrum of BDNA/Avi/CH-Fe304/ITO bioelectrode, vibration
bands observed at 1067 and 1243 cm~! are due to the asymmet-

ric stretching of P-O-C vibration and stretching vibration of P=0
of the phosphoric acid group, respectively. Peaks seen at 1492 and
1606 cm~! are associated with carbonyl stretching vibration and
C=C bonds in the purine and pyrimidine rings (curve iv) (Singh
et al.,, 2009).

Fig. 1b presents the typical AFM images of an electrochemically
deposited CH/ITO film (i), CH-Fe304/ITO nano-composite (ii) and
BDNA-Avi/CH-Fe304/ITO bioelectrode (iii). The AFM studies reveal
that Fe304 nanoparticles are inter-connected by dipole-dipole
interactions in the film. The nanoporous rough morphology is
observed for CH film and surface roughness of CH film is esti-
mated to be ~19.2nm (Fig. 1b(i)). The CH-Fe304 film shows
globular nanoporous rough morphology. It appears that Fe304
nanoparticles are regularly dispersed in the CH film and strongly
adhere onto the substrate with porous morphology (Fig. 1b(ii)).
The surface roughness of CH-Fe30,4 nano-biocomposite increases
to ~25.4nm. Such nanoporous rough morphology results in
increased effective surface area of the substrate electrode to
load large amount of DNA, and may perhaps prevent the leach-
ing of DNA molecules from the biosensor surface. The surface
roughness of BDNA-Avi/CH-Fe304/ITO bioelectrode decreases to
~5.44nm indicating immobilization of the biotinylated DNA.
When DNA is entrapped in this network-like film, aggregates
of the DNA molecules exhibit island-like structures (Fig. 1b(iii))
that may facilitate specific reaction between substrate and DNA,
resulting in enhanced amperometric response of the biosen-
sor (Li et al., 2000). Results obtained by AFM studies are well
correlated with those of the SEM studies (Supplementary fig.
1c).
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Fig. 1. (a) FT-IR spectra of (i) CH/ITO, (ii) CH-Fe304/ITO, (iii) Avi/CH-Fe304/ITO, and (iv) BDNA/Avi/CH-Fe304/ITO electrodes and (b) AFM images of (i) CH/ITO, (ii)

CH-Fe304/ITO, and (iii) BDNA/Avi/CH-Fe304/ITO electrodes.

3.2. Optimization of deposition potential

CH/ITO and CH-Fe304/ITO nano-composite films have been pre-
pared electrochemically in the potential range, —0.5V to —2.5V.
In the case of CH/ITO (Fig. 2a), we observe variation in the peak
current and shift in the peak (Fig. 2a) with applied potential.
However, in the case of CH-Fe304/ITO (Fig. 2b) electrode, there
is a negligible shift in the peak of CH-Fe304/ITO CV at vari-
ous applied potentials. On inclusion of the Fe304 nanoparticles
the film is found to be stable. It can be concluded that —1.0V
is the appropriate potential for the fabrication of the CH-Fe304
film onto ITO plate since it yields higher peak current. The insets
(Fig. 2a and b) show the various chrono-amperometric curves
obtained for CH/ITO and CH-Fe304/ITO nano-composite films,
respectively.

3.3. Electrochemical impedance spectroscopy (EIS)

Fig. 2c shows the results of the EIS measurements car-
ried out as a function of frequency on an electrochemically
deposited CH/ITO film (i), CH-Fe304/ITO nano-composite (ii), an
AvVi|CH-Fe304/ITO (iii), and a BDNA-Avi/CH-Fe304/ITO bioelec-
trode (iv) in 0.05M phosphate buffer saline (PBS) of pH 7.0
containing 5mM [Fe(CN)g]3~/4~. The charge transfer resistance
(Ret) of CH-Fe304/ITO electrode (curve ii) is found to decrease
to 2.75kS2 with respect to the CH/ITO electrode (Ret~ 5.81KkS2,
curve i) and the lower value of Rer of CH-Fe304/ITO elec-
trode reveals nanosized structure of Fe30,4 particles that provide
increased electroactive surface leading a higher rate of electron
transfer. However, when biotinylated ssDNA is immobilized onto
CH-Fe304/ITO electrode, Ret of the electrode increases to 4.18 kS2
assigned to the presence of electro-negative phosphate skeleton
that perhaps prevent [Fe(CN)s]3~/4~ ions from reaching the elec-
trode surface for electron transfer during redox reaction. This
implies that BDNA is successfully immobilized onto the elec-
trochemically prepared nanostructured CH-Fe304/ITO electrode
(curve iv).

3.4. Cyclic voltammetry (CV)

Fig. 2d shows the results of the CV measurements carried out
on an electrochemically deposited CH/ITO film (i), CH-Fe304/ITO
nano-composite (ii), an Avi/CH-Fe304/ITO (iii), and a BDNA-
Avi/CH-Fe304/ITO bioelectrode (iv) in 0.05M PBS of pH 7.0
containing 5mM [Fe(CN)g]>~/4~ at a scan rate of 50 mV/s, respec-
tively. The CV of pure CH electrode (curve i) shows well-defined
cathodic peak at —0.0137V and an anodic peak at 0.260V in
the potential range of 0.6 to —0.30V having peak current of
151 wA. However, significant change (curve ii) in peak poten-
tial [cathodic peak potential (Epc) to —0.0346V and anodic peak
potential (Epa) to 0.295] with increased peak current of 238 wA
is observed on inclusion of Fe304 nanoparticles. This may be
attributed to the presence of Fe304 nanoparticles with increased
mobility resulting in enhanced adsorption of the redox moieties
on cationic CH-Fe304/ITO nano-composite surface with improve-
ment in electron transfer and electrical conductivity. It can be
seen that there is considerable decrease in the intensity of these
redox peaks after the immobilization of avidin indicating the
binding of avidin onto CH-Fe304/ITO surface as a cross-linker
(curve iii). Further, the observed enhancement in the redox peak
can be attributed to binding of BDNA onto CH-Fe304/ITO sur-
face in agreement with literature (curve iv) (Arora et al., 2007;
Jiang and Wang, 2001). The surface concentration value of redox
species of electrolyte [Fe(Ill)/Fe(IV)] onto CH-Fe304/ITO electrode
has been found to be 0.437 x 10~ molcm~2. The total surface
concentration of redox species of electrolyte [Fe(Ill)/Fe(IV)] is
found to be 7.97 x 10~ molcm~2 indicating improved immo-
bilization of BDNA onto Avi/CH-Fe304/ITO electrode indicating
BDNA-Avi/CH-Fe304/ITO to be a promising matrix for the fabri-
cation of STD biosensor (Supplementary fig. 2a,b).

3.5. Biosensing characteristics of BDNA/Avi/CH-Fe304/ITO
bioelectrode with patient samples

The BDNA/Avi/CH-Fe304/ITO STD sensor has been used to
detect sequence specific DNA based on the DPV current change
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and (iv) BDNA/Avi/CH-Fe304/ITO bioelectrodes; and (d) CV of (i) CH/ITO, (ii) CH-Fe304/ITO, (iii) Avi/CH-Fe304/ITO, and (iv) BDNA/Avi/CH-Fe304/ITO bioelectrodes in 0.05 M

PBS containing 5 mM [Fe(CN)6]3~/4-.

of MB before and after hybridization (Kerman et al., 2002; Erdem
et al., 2000). Fig. 3a shows DPV response of the fabricated STD
bioelectrode. The performance of the BDNA/Avi/CH-Fe304/ITO
electrode has been studied by incubating with DNA extracted from
N. gonorrhoeae culture isolated sample, pus sample spiked with N.
gonorrhoeae and N. gonorrhoeae positive male patient sample (see
Supplementary data). The observed significant decrease in the DPV
signal shows that the complementary DNA present in the clini-
cal sample hybridizes with the probe DNA (Fig. 3a). The observed
minor variation in DPV signal can be assigned to sample-to-sample
variation arising due to varying bacterial DNA load that cannot be
quantified (Ansarietal.,2009; Singh et al.,2010; Wang, 2000; Wang
et al., 2002).

Fig. 3b shows the results of response studies carried out
with respect to the concentration of target DNA sequence with
BDNA/Avi/CH-Fe304/ITO electrode using MB as redox indicator.
The observed peak current for the reduction of MB after hybridiza-
tion with cDNA decreases with the target concentration up to
1 x 106 M, and remains constant with further increase in the target
concentration indicating that all the immobilized probe molecules
on the bioelectrode surface are involved in hybridization at con-
centration of 1 x 106 M. Prior to this threshold concentration, MB
reduction signal decreases with increased target concentration that
perhaps prevents interaction of guanine molecules with MB due to

the duplex formation. The observed constant MB signal reveals that
all the hybridization sites on BDNA/Avi/CH-Fe304/ITO electrode
are covered. The change in peak current of MB is linearly related to
log (concentration) of cDNA between 1 x 1076 M and 1 x 10-16 M.
The detection limit of BDNA/Avi/CH-Fe304/ITO is 1.0 x 10-1° M
(calculated from blank signal). It is found that decrease in the MB
peak current (I Target) with respect to cDNA concentration (Fig. 3b
inset) follows Eq. (1) with value of regression co-efficient as 0.99.

[Target = 2.67818 [log(Target concentration)] + 13.92 (1)

The experiments have been repeated at least 15 times and the error
bars are included in Fig. 3b.

Sensor regeneration is critical in order to ascertain that a sig-
nal arises due to the specific interactions with the target and is not
due to some other non-specific modification of the probe or sensor
head. The background current has been measured using DPV. The
sensors have been challenged with 1 uM target to determine signal
suppression. It is found that the sensor is stable enough to allow
for ready regeneration: a low ionic strength short wash (30s at
room temperature (25 °C) autoclaved distilled water (~18.2 M2))
(Fig. 3¢) (Lubin et al., 2006) is sufficient to recover the original sen-
sor signal and it is found that this sensor can be used at least for
6-8 times before significant degradation is observed. For storage,
sensors have been fabricated, tested, and regenerated as above.
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Fig. 3. (a) DPVs of BDNA/Avi/CH-Fe304/ITO bioelectrode to detect the presence of complementary target sequence in N. gonorrhoeae clinical samples; culture isolated,
spiked pus, patient samples, artificial complementary DNA. (b) DPV of BDNA/Avi/CH-Fe304/ITO after hybridization with cDNA concentration 1 x 10~'6-1 x 10~ M DNA at
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current. Because all of the sensing components are strongly adsorbed to the sensor surface, the sensor is readily regenerated with a 30s distilled water rinse, as shown.

In addition, the electrode can be stored for more than 6 months
at 4°C without significant loss in their activity for hybridization
and are thus suited for a stable platform for further quantitative
measurements.

3.6. Mismatch discriminating DNA hybridization

The ability to discern base mismatch is an important char-
acteristic of a DNA biosensor. The specificity of the biosensor
has been investigated using BDNA-Avi/CH-Fe304/ITO electrode to
hybridize with different target ssDNA (one and two-base mis-
matches) sequences (Fig. 4a). The results are summarized in
Table 1c. To evaluate the effect of different mismatches by DPV,
we have used five different ssDNA target sequences (Table 1a). The
ssDNA target (C-T) contains base T instead of base G at 6th position.
The ssDNA target (A-C) contains base Cinstead of base T at the 10th
position. The ssDNA target having two-base mismatch is (C-T, C-A),
(T-G, A-C),(C-T, A-C) at position (6, 14), (4, 10,), (6, 10), respectively.
Fig. 4a shows the variation of the peak current obtained using DPV
measurements after incubating the sensor with equivalent amount
of targets each having a single base-pair mismatch, in relation to
the immobilized BDNA probe. As expected, the lowest peak current

is observed if the target is fully complementary to the immobi-
lized BDNA probe (Fig. 4a). A significant percentage (%) decrease in
current (Ip,) to 80% is observed after BDNA-Avi/CH-Fe304/ITO elec-
trode hybridized with cDNA indicates the successful hybridization.
And when the single mismatched base (C-T) is at the 6th position
the % decrease in Ip, is about 40%. When the single mismatched
base (A-C) is at the 10th position, % decrease in Ip, is almost 57%.
The contribution of a mismatch to DNA duplex stability depends on
the location of the mismatch, its nearest neighbors and its orienta-
tion. As both the A-C and C-T mismatches are present internally and

Table 1c
Percentage (%) decrease in hybridization events between the BDNA-
Avi/CH-Fe304/ITO electrode and different base mismatch DNA sequences.

Target DNA Ipa of MB (A) % decrease in I,
No target DNA (only probe) 30 0

cDNA 6 80

OBMT1 (C-T) 6th position 18 40

OBM2 (A-C) 10th position 13 57

TBM1 (C-T, C-A) 6th and 14th position 28 6.7

TBM2 (T-G, A-C) 4th and 10th position 21 30

TBM3 (C-T, A-C) 6th and 10th position 19 37
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Fig. 4. (a) DPVs of BDNA/Avi/CH-Fe304/ITO bioelectrode to detect one and two-base mismatch-discriminating DNA hybridization. (b) DPVs of BDNA/Avi/CH-Fe304/ITO
bioelectrodes to detect the presence of non-complementary target sequence in other NgNs and other GNBs at step potential of 3 mV and modulation amplitude of 50 mV in

20 M MB, pretreatment at +0.1V for 10, 0.05 M PBS (pH 7.0, 0.9% Nacl).

stability of C-T and A-C mismatch is almost equivalent, difference
in the peak may be attributed to the presence of GTT, ACG bases
adjacent to the mismatch, respectively. These factors determine
the free energy change of the hybridization reaction. Similarly, the
% decrease in Ip, is evaluated with two mismatched bases at differ-
ent points in the DNA sequence. It may be noted that when both
the mismatches are at the two ends of the sequence; (C-T, C-A), i.e.,
at the 6th position and 14th position, the % decrease in Iy, is about
6.7% and the peak current is higher, indicating non-hybridization.
With two base mismatches (T-G, A-C), i.e., at the 4th position and
10th position, the % decrease in Ip, is about 30%. With two base mis-
matches (C-T, A-C), i.e., at the 6th position and 10th position, the
% decrease in Ipa is about 37%. It may be noted that the reduction
peak current of the STD biosensor in the presence of cDNA is higher
than that of the biosensor in the presence of one-base mismatch
and two-base mismatch target DNA. Such difference may originate
from the varied binding affinity of MB with cDNA, one-base mis-
match and two-base mismatch target DNA. The peak current from
a competitive DPV experiment is found to be reproducible and can
be quantified for even a single base-pair mismatch detection.

3.7. Specificity test with non-Neisseria gonorrhoeae Neisseria
species and other gram negative bacteria

Fig. 4b shows DPV response of the STD sensor to cultures of
Escherichia coli, Neisseria sicca, Staphylococcus aureus and Klebseilla
pneumoniae. The specificity of the bioelectrode has been studied
by incubating the probe electrode with DNA extracted from other
non-Neisseria gonorrhoeae Neisseria species (NgNs) as well as other
gram negative bacteria (GNBs). No significant decrease in the signal
isobtained in the presence of E. coli, N. sicca, S. aureus and K. pneumo-
niae DNA indicating the specificity of probe DNA for N. gonorrhoeae
detection.

4. Conclusions

We have demonstrated a simple, convenient electrochemical
approach to fabricate CH-Fe304/ITO nanostructured platform for
biosensor application. The electrochemistry has been investigated
of probe DNA immobilized onto CH-Fe304/ITO matrix containing
both fully matched and mismatched DNA using MB as a redox
indicator. The BDNA-Avi/CH-Fe304/ITO electrode provides dis-

crimination between cDNA, one and two-base mismatches out
of 20 bases in a targeted attachment region having detection
limit (1 x 10-'5M) in a wide dynamic range (from 1 x 10~16 M to
1 x 10-6 M). When the mismatch is at two ends of the sequence; (C-
T, C-A), i.e., at the 6th position and 14th position the % decrease in
Ipa is very negligible about 6.7% indicating non-hybridization. The
combination of excellent immobilization of DNA, high conductivity
and the advantages of metal nanoparticles in the electron transfer,
enhance the specificity and sensitivity of the biosensor. The bioelec-
trode demonstrates a high degree of accuracy for the detection of N.
gonorrhoeae nucleic acid with substantial minimization or virtual
elimination of false positive readings as this assay has the capa-
bility of detecting even a single base mismatch in the target DNA.
Electrochemical DNA sensors have the potential to meet the need
for inexpensive, rapid and hand-held detection systems. Efforts are
being made to destabilize the duplex formation under stringent
conditions to improve the mismatch discrimination. Further, stud-
ies should be carried out to explain difference in peaks based on
the thermodynamics of the mismatch sequences.
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