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Abstract. Nucleic acid sensor has been fabricated by immobilization of thiolated (5’ end) 
single stranded deoxyribonucleic acid probe (ssDNA-SH) onto gold (Au) coated glass 
electrode for Vibriocholeraedetection. This ssDNA-SH/Au bioelectrode characterized using 
atomic force microscopy (AFM),Fourier transforms infrared spectroscopy (FT-IR) and 
electrochemical technique, has been used for hybridization detection of genomic DNA 
(dsDNA/Au). This ssDNA-SH/Au bioelectrode can specifically detect up to 100- 500 ng/µL 
genomic DNA of Vibriocholeare within 60 s of hybridization time at 25oC by cyclic 
voltammetry (CV) using methylene blue (MB) as electro-active DNA hybridization indicator. 
The value of sensitivity of the dsDNA/Au electrode has been determined as 0.027µA/ng cm-2 
with regression coefficient as 0.978. This DNA bioelectrode is stable for about 4 months when 
stored at 4oC. 

1. Introduction 
Cholera is endemic in southern Asia and parts of Africa and Latin America, where seasonal outbreaks 
occur widely and are particularly associated with poverty and poor sanitation. [1-2]. It is an acute 
intestinal infection caused by ingestion of food or water contaminated with the bacterium Vibrio 
cholerae, which is a Gram-negative bacterium that produces cholera toxin (CT), an enterotoxin, 
whoseaction on the mucosalepithelium lining of the small intestine is responsible for the disease's 
most salient characteristic, exhaustive diarrhea [3-4]. Most of the strains of V. cholerae are non-
virulent but O1 and O139 is responsible for disease[5-6]. As compared to O139 antigen, O1 antigen 
has been found in majority of patients affected by V. choleraewhichcurved-rod shaped and oxidase-
positive bacterium [7].  
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 Many biomolecules such as gangliosides, antibodies, cholera toxin and somatic antigens (O1 
and O139) have been used for V. cholerae detection. CT has become a very important compound in 
detecting bioterrorism, and there has been increasing interest in the development of rapid and sensitive 
methods for the determination of CT [8]. The conventional methods for V. cholerae detection include 
enzyme linked immunosorbent assay/ immunological detection kits, southern hybridization and 
polymerase chain reaction [6, 9-11]. However, all these methods are time-consuming, expensive and 
require expertise [12]. There is increased interest towards the application of biosensors for fast, low-
cost, sensitive and reliable detection of V. cholerae. The deoxyribonucleic acid (DNA) biosensors are 
potentially useful for clinical applications to determine the pathogenic bacteria [13]. 

 Biological macromolecules, such as nucleic acids, both (DNA) and ribonucleic acid (RNA) are 
known to play an important  role towards  the rapid development of molecular genomics, 
biotechnology and medical diagnostics [14]. Nucleic acid based biosensors based on the hybridization 
technique are gaining more attention over traditional diagnostic methods as they are faster, simpler 
and economical [15-17]. Several techniques have been used for DNA detection including fluorescence 
detection, mass spectrometry, electrochemical, surface plasmon resonance spectroscopy and quartz 
crystal microbalance [18]. Besides this, an electrochemical detection technique has advantages like 
simplicity, speed, low-cost, high sensitivity and specificity as compared to molecular detection 
approaches [19].  

 Self-assembled monolayers (SAMs) have been used in electro analytical chemistry due to their 
uniqueness in terms of well-ordered structure, ease of preparation, flexibility, reproducibility, 
organization, molecular control and low non-faradaic currents etc. [20-23]. The thiol groups 
chemisorbed onto the gold surface via the formation of a gold thiol bond [24-25] to produce a densely 
packed, highly ordered monolayer. The self-assembly process is mediated through non-specific 
adsorption, electrostatic interactions, covalent bonding and specific interactions. The SAMs are 
spontaneously formed by the adsorption/binding of organic molecules from solution or the gas phase 
onto a solid-state surface [26]. Zhao et al. have utilized hydroxyl-terminated SAM for covalent 
immobilization of dsDNA on gold surface [27]. SAM based [28] surface plasmon [29] and 
piezoelectric [30] immunosensors have been used for detection of Salmonella Typhimurium, Leukemia 
and Escherichia coli (E. coli). Prabhakar et al. have reported 5' thiol end labeled DNA probe for 
detection of M. tuberculosis [31].DNA biosensor based on electrochemical hybridization using 
methylene blue as indicator has been reported for detection of Chronic Myelogenous Leukemia, 
Human  apolipoprotein E, Bar Gene, E.coli, etc. using glassy carbon electrode, graphite screen printed 
electrode, stearic-acid-modified carbon paste electrode, polyaniline, respectively [32-34]. 

 We report the results of the immobilization of 5'-thiol end labeled DNA probe (23 bases) and 
hybridization with genomic DNA of Vibrio cholerae on Au bare surface were studied using Methylene 
blue (MB) as an electroactive indicator. 

2. Materials and methods 

2.1. Chemicals and reagents 

Tris (hydroxymethyl) amino methane, ethylene diamine tetra acetic acid (EDTA), sodium dihydrogen 
ortho-phosphate and di-sodium hydrogen orthophosphate were procured from Qualigens, India and 
Methylene blue (MB) was procured from Sigma-Aldrich, USA.  HPLC purified 23 bases thiolated 
modified oligomer probe (ssDNA-SH)   5'-HS - GCA TAT GCA AAT GGA ACA CCT CA- 3’ were 
procured from GenxBio Health Sciences Pvt. Ltd, India. All reagents were prepared in de-ionized 
water (Milli Q 10 TS) and solutions were autoclaved prior to being use. DNA solutions were prepared 
in TE buffer (10 mMTris, 1mM EDTA, pH 8.0).  All Bacterial isolates and genomic DNA sample 
were obtained from patients at the National Centre Diseases Control (NCDC), New Delhi, India. 
Bacterial isolates from feces were cultured on Thiosulfate Citrate Bile Salts Sucrose Agar 
(TCBS Media) and grown at 35oC for 24-48 h and the combination of alkaline peptone water. 
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2.2. Fabrication of ssDNA-SH/Au bioelectrode 

Gold coated glass electrodes were first cleaned with piranha solution (H2SO4 and H2O2 in 7:3 ratio) for 
5 min. After dipping in 70 % ethanol for 2-3 min, the electrode was washed with water and dried at 
room temperature. The thiolated DNA probe (ssDNA-SH) 6.6 ng/10 µl was then immobilized onto 
gold electrode area (0.5 cm2) and kept for 24 h at 250C. The unbound probe was removed by several 
washings with TE buffer and dried. Genomic DNA(dsDNA) was hybridized (after denaturation at 
950C) for 5 min with immobilized probe onto gold electrode surface. After hybridization the electrode 
was washed thrice with buffer to remove the unbound ssDNA. The schematic shows the 
immobilization and hybridization procedure in Scheme 1. 

 

 

 

 

 

 

 

 

 

 

2.3. Sensor characterization 
The surface morphology of ssDNA-SH/Au electrode and dsDNA/Au electrode were delineated using 
atomic force microscopy (VEECO, USA) in non-contact mode. Electrochemical experiments were 
carried out with a Electrochemical analyzer  (Model AUT-84275, Auto lab) using three-electrode 
system containing gold coated glass electrode as working, Ag/AgCl as reference and platinum as 
counter electrode. MB (40 µM) was used as redox indicator in phosphate buffer saline (PBS, 0.05 M, 
pH 7.0, 0.9% NaCl). The cyclic voltammetric experiments were performed at 20 mV/s in PBS buffer 
at 250 C. Contact angle (Dataphysics, Model OCA15EC) measurement was done by sessile drop 
method before and after the immobilization/hybridization of DNA.  

3. Results and discussion 

3.1. AFM studies 

Figure 1A. shows results of morphological studies obtained using AFM of bare Au electrode (image a), 
ssDNA-SH/Au electrode (image b) and dsDNA/Au [hybridization with genomic DNA(image c)] after 
denaturation at 95oC. Image (a) shows the nonporous morphology with uniform distribution of 
granular structure with roughness 6.68 nm (Fig.1Aa) and after the probe immobilization the roughness 
increases (18.4 nm) due to formation of well aligned self- assembled monolayer of thiolated ssDNA 
fabrication onto Au surface (Scheme 1) that filled the all the pores present onto Au surface. However, 

 

Scheme 1. Schematic representation shows the synthesis of SH labeled probe from SH molecule and 
hybridization of genomic DNA (dsDNA) with immobilized probe. 
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the surface morphology after the hybridization with genomic DNA (image c) has been observed as 
16.3 nm that indicate that genomic DNA hybridized with the DNA probe present onto gold surface.  

 

 

 

 

 

 

 

 

 

 

3.2. Contact angle measurements 

Contact angle measurements (Sessile drop method) have been  carried out to investigate the formation 
of self-assembled monolayer onto Au surface. Contact angle studies have been carried out using 
deionized distilled water to characterize the immobilization of probe (ssDNA) and after hybridization 
with genomic DNA (dsDNA) onto the gold surface (Fig.1B). The change in the value of the contact 
angle reveals the hydrophobic/hydrophilic character of the surface due to immobilization of thiolated 
probe and hybridization with genomic DNA molecules. The contact angle value of the bare gold film  
(image a) is found as 76.46o and decreases to 55.56oafter the immobilization of thiolated ssDNA probe 
(image b) and further decreases to 55.33oafter DNA hybridization (image c). The decrease in the 
contact angle values can be attributed to the presence of hydrophilic group (OH) in DNA probe.These 
results indicate successful binding of the nucleic acid (probe/DNA) onto Au electrode surface. 

 

 

 

 

 

 

 

 

 
 

Figure 1A.  AFM micrographs of bare Au electrode (image a), (image b) after immobilization with 
thiollabeled probe (ssDNA - SH/Au) and (image c) after hybridization with genomic DNA(dsDNA-
SH/Au) onto Au surface.  

 

 

Figure 1B. Contact angle measurements of (a) bare Au electrode (76.46o) (b) immobilization ssDNA 
- SH/Au (55.56o) and (c) dsDNA-SH/Au (55.33o) on gold coated glass electrode. 
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3.3. FT-IR studies 
The FT-IR spectra of (a) ssDNA-SH/Au bioelectrode (b) dsDNA/Au exhibits peak at 891, 1047, 1215, 
1392, 1461, 1455, 1515, 1548, 1650, 1903, 2066, 3261 cm-1 corresponding to the functional groups of 
DNA (Fig. 2). The peaks found at 891 to 1215 cm-1 correspond to asymmetric and symmetric PO4

− 
groups of the phosphodiesterdeoxyribose backbone. The peaks seen at 1455, 1515, 1548 and 1650cm-1 

correspond to cytosine, adenine, thymine and guanine respectively. A FT-IR spectrum after 
hybridization with both amplified and genomic DNA shows similar peaks of different bases with 
increased peak intensity. The peaks seen at 1515, 1548 and 3261 cm-1 are attributed to N-H bending 
and stretching of DNA bases purine and pyrimidine ring [35]. The 1515 - 1650 cm-1 peaks correspond 
to C=O, C=N, C=C stretching and exocyclic -NH2 bending vibrations in the DNA bases. These results 
indicate the immobilization of DNA probe onto Au surface and hybridization with genomic DNA. 

 

 

 

 

 

 

 

 

 

 

3.4. Electrochemical impedance studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. FT-IR spectra of (a) ssDNA - SH/Au and (b) dsDNA-SH/Au of Vibrio cholerae. 
 

 

Figure 3. Impedance spectra of (a) bare Au electrode (b) ssDNA - SH/Au and (c) dsDNA-SH/Au 
of O1 gene in PBS containing 5 mM [Fe(CN)6]3-4-.  
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Figure 3 exhibits the Faradic impedance spectra in the frequency range 0.01-105 Hz, presented by the 
Nyquist plots of (a) bare gold (b) ssDNA-SH/Au and (c) dsDNA/Au in PBS containing 5 mM 
[Fe(CN)6]3-/4-. The value of Rct, charge-transfer resistance, obtained as 3.75 x 102 Ω     (curve a) for 
bare gold is lower than that of ssDNA-SH/Au electrode. This smaller semicircle diameter indicates 
faster electron-transfer kinetics of [Fe (CN)6]3-/4- on bare Au electrode (curve a). However, after the 
immobilization of ssDNA-SH (curve b), Rct value increases (1.09 x103 Ω) due to presence of electro-
negative phosphate skeletons that perhaps prevent [Fe(CN)6]3-/4-ions from reaching the electrode 
surface for electron transfer during redox reaction. This reveals that ssDNA-SH has been immobilized 
onto Au surface. Further, increase in the Rct value after hybridization of probe with the genomic DNA 
(6.74 x 102Ω; curve c) can be attributed to the increased concentration of negatively charged backbone 
of DNA onto the surface of the electrode that may cause repulsion between the similarly charged 
redox couple of the system. The increase in the Rct, value indicates duplex form of DNA indicating  
immobilization of  ssDNA  hybridization with genomic DNA. 

3.5. Cyclic voltammometric studies  
Figure 4A shows results the cyclic voltammetric (CV) carried out for (a) bare gold (b) ssDNA/Au 
electrode and (c) dsDNA-SH/Au (500 ng) electrode in PBS containing methylene blue (40 µM).  
Methylene blue (MB) is an intercalating organic compound has been used for electrochemical DNA 
detection as their response changes upon DNA hybridization. It can be seen that the oxidation peak 
current for bare gold electrode is higher (6.80 µA, curve a) than that of ssDNA-SH/Au electrode (0.74 
µA, curve b), indicating immobilization of the DNA probe onto Au surface. The higher oxidation peak 
current of bare Au surface as compared to that of the ssDNA-SH/Au electrode, is attributed to the 
enhanced flow of electrons between the gold electrode and MB. On the other hand, the oxidation peak 
current of dsDNA-SH/Au bioelectrode (4.64 µA, curve c) increases as compared to that of the ssDNA-
SH/Au bioelectrode (curve b). It appears that dsDNA-modified surface is more favorable for MB 
molecules to undergo redox reaction than bare gold surface, indicating a pre-concentration of MB on 
the DNA modified surface due to intercalation. The sharp cathodic peak also indicates that MB 
underwent redox through the intercalated state [36]. Moreover, the highest MB oxidation signal was 
obtained at the electrode hybridization with genomic DNA sequence (curve c), indicating that the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4A Cyclic voltammogram of (a) bare Au electrode (c) dsDNA-SH/Au bioelectrode and (b) 
ssDNA-SH/Au electrode  500 ng at 20 Vs-1 in PBS containing 40 µM MB and (B)Cyclic 
voltammogram of ssDNA-SH/Au bioelectrode on increasing scan rate from   10 to 90 at 20 Vs-1 in 
PBS (50 Mm, pH 7 containing 0.9 % NaCl) in 40 µM MB. 
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largest attachment of MB occurred at this electrode because of the strong affinity of MB with the 
formed dsDNA. The peak current (curve b) of MB decreases  after the ssDNA probe [37]. This result 
can be perhaps be due to stronger association of MB  molecules with unpaired nitrogenous bases of 
ssDNA-SH/Au bioelectrode (curve c), especially with guanine bases as compared to dsDNA. The 
ssDNA-SH/Au bioelectrode consists of the limited number of unhybridized nitrogenous bases that 
interact with MB, while genomic DNA comprises of prolonged unhybridized ssDNA sequence 
consisting of uncountable nitrogenous bases, resulting in increased MB molecules interaction. Thus 
oxidation current is found to be increased in case dsDNA-SH/Au bioelectrode as compared to that of 
the ssDNA-SH/Au electrode. The magnitude of the peak current of ssDNA-SH/Au electrode has been 
found to increases with increased scan rate (Fig. 4B), indicating slow electron-transfer kinetics. 

3.6. Electrochemical response studies  
The response studies have been carried out using cyclic voltammograms at scan rate of 20 Vs-1 in PBS 
containing 40 µM MB (Fig. 5). The ssDNA/Au bioelectrode has been hybridized with different 
concentrations (100-500 ng) of genomic DNA for 5 minutes at room temperature (25oC). It has been 
observed that the magnitude of anodic peak current of MB increases with increase in the concentration 
of double stranded DNA (genomic DNA). The inset in Fig. 5 shows the curve between the magnitudes 
of peak current increases with concentration of genomic DNA. It appears that positively charged MB 
molecules are  electrostatically attached to negatively charged phosphate backbone of double stranded 
DNA or get intercalated after hybridization. Moreover, the observed enhanced  MB peak current with 
increased concentration of genomic DNA due to presence of more free guanine bases (unhybridized 
bases) of genomic DNA indicates increased interaction of MB with bases resulting in increased peak 
current [38]. It has been observed that increase in the MB peak with respect to genomic DNA 
concentration follows Eq. (1). 

I hybridized DNA= 96.8 × 10-2 + 6.9 × 10-3 × [genomic DNA conc.]………. (Eq.1) 

 The specificity of the ssDNA/Au electrode has been monitored with the non-complementary 
DNA, resulting in no change in current as compared to that of ssDNA probe, indicating that no  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 5. Response studies of ssDNA-SH/Au after hybridization with different concentration of 
genomic DNA (100-500) at 20 Vs-1 in PBS (50 Mm, pH 7 containing 0.9 % NaCl) in 40 µM MB 
and inset shows the linear graph between current and concentration of genomic DNA. 
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hybridization occurs. The hybridization time of probe with genomic DNAhas been obtained as about 5 
min. The sensitivity of dsDNA/Au electrode has been obtained as 0.027µA/ng cm-2 with 0.978 
regression coefficients (R). The ssDNA/Au electrode can detect Vibrio cholerae in the range of 10-60 
ng/µl. The stability of ssDNA/Au electrode is  obtained to be about 4 months when stored at 4oC.Table 
1 shows characteristics of the ssDNA-SH/Au bioelectrode for cholera detection along with those 
reported in the literature.    

 
Table 1. The characteristics of ssDNA-SH/Au bioelectrode for cholera detection along with those 
reported in the literature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Conclusions 
A self-assembled monolayer based electrochemical DNA biosensor has been fabricated by 
immobilizing thiolated probe (ssDNA-SH/Au) onto gold electrode surface and it’s hybridized with 
genomic DNA (dsDNA/Au) for detection of Vibrio cholerae. It has been concluded that ssDNA-
SH/Au exhibits higher sensitivity (0.027µA/ng cm-2) with regression coefficient as 0.978 (R). The 
hybridization time of probe with genomic (dsDNA) at Au electrodes is 5 min with response time 60s. 
This electrochemical DNA sensor is highly specific for the detection of Vibrio cholerae in clinical 
samples. Efforts are being made to utilize this DNA probe for diagnosis of Cholera directly using 
patient’s samples. 
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