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Abstract 

Enterotoxigenic E. coli (ETEC), causing traveler’s diarrhea is a major water borne pathogen. ETEC causes diseases in humans 

through production of heat labile toxin encoded by LT1 gene. The conventional methods for detection of ETEC are often dominated 

by culture-based techniques. In general, the nucleic acid-based diagnostics rely on organic fluorophores which are expensive and 

require trained personnel. To address these limitations, we report here a novel colorimetric assay for the specific and rapid detection 

of LT1 open reading frame of ETEC. The solution observed a visual change in colour in the presence of target DNA, whereas, in 

absence of target no change in colour was observed. The assay could successfully differentiate between closely related DNA targets 

and control, indicating the wide applicability of the assay for simple and quick colorimetric ‘spot and read’ test for pathogen 

detection. 
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I. INTRODUCTION 

Consumption of unsafe water and food pose infectious diseases which cause morbidity and mortality. Approximately, 

94% of diarrheal disease is directly related to contaminated drinking water and poor hygiene [1]. Enterotoxigenic E. coli (ETEC) 

is a common pathogen, causing water and food related illnesses and outbreaks. A few studies report the prevalence of ETEC in 

the surface water of developing countries [2]. 

ETEC secretes heat-labile and heat-stable toxins. Heat labile toxin (LT-I) shows over 80% amino acid similarity with 

cholera toxin [3]. Existing methodologies to detect ETEC are mostly culture based. Culturing methods involve several rounds of 

selective and non-selective enrichments and further confirmations, which are cumbersome and time taking process. Also, the 

specificity and sensitivity are questionable which limit the applicability of this method. In-vitro amplification-based methods 

have the potential to be gold standards and have been used for the detection of ETEC and other pathogens [2, 4, 5, 6]. The real 

time PCR is a fluorophore-based technique in which the simultaneous amplification as well as detection of nucleic acid(s) of 

microbial origin is possible for the detection of pathogens in low doses. However, the applicability of this novel methodology is 

limited in point-of-care use due to requirements of sophisticated instrumentation and technical personnel. 

 Nanomaterials with excellent optical properties and compatibility with biological materials have been explored to 

detect DNA [7]. The binding affinity of GNPs for single stranded DNA has been explored for the detection. More recently, SH-
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linked ssDNA-modified gold nanoparticles have opened new avenues for an effective and easy-to-perform diagnostic assay [8, 

9].  

In the present study, we document a robust and inexpensive scheme for the quantitative detection of virulent signature 

gene LT1 of enterotoxigenic Escherichia coli using multiple gold nanoparticle probes. In addition, we demonstrate here the 

increase in sensitivity by using the nucleic acid hybridization enhancers. 

 

II. MATERIALS AND METHODS 

Reagents. Hydrogen tetra chloroauric acid (III) (HAuCl4.3H2O) was purchased from Sigma-Aldrich, USA. Deionised water was 

used for the preparation of aqueous solutions. All the thiolated and unmodified single stranded oligonucleotides were purchased 

from SIGMA GENOSYS, USA. 

Synthesis of thiolated DNA modified Gold nanoparticles. Size controlled Gold nanoparticles (GNPs) were synthesized by 

citrate reduction of Chloroauric acid [9] (Jyoti et al., 2010b). The particle size of GNPs determined by Transmission Electron 

Microscopy (TEM) was found to be in the range 20±0.2 nm. The single stranded DNA stabilized Au nanoparticles were 

prepared by well-established procedure [10]. In brief, the eight batches of purified thiol modified ss-DNA were incubated with 

gold nanoparticles for 18 h (Final concentration was 2 µM). Buffering of the solution was done with Tris-acetate (pH 8.2) and 

NaCl with final concentrations of 5 mM and 0.1 M respectively for further 24 h. At this point of time the free ssDNA was 

removed by spinning the solution at 16,110 X g for 15 min. Further, the solution was washed with 0.1 M Tris-acetate and NaCl 

(pH 8.2) buffer for 15 minutes. Finally, the ssDNA grafted GNP was resuspended in 0.3 M Tris-acetate NaCl (pH 8.2) and kept 

at room temperature until use.  

Generation of template. Genomic DNA was extracted from overnight grown culture using boiling prep method and used as 

template for the PCR amplification. Specific primer pair LT1-F (5’-AAACAAAACAAGTGGCG-3’) and LT1-R (5’-

GTTGTTATATAGGTTCCTAGC-3’) was used to amplify the complete elt operon [3]. The PCR reaction mixture comprised of 

dNTPs mix (0.2 mM), Taq DNA polymerase (1.5 units), 10x reaction buffer (5 µl), MgCl2 (1.5 mM), primers (0.4 µM, each) for 

stx2 gene and 100 ng genomic DNA template (5 µl). The PCR was performed with following conditions: initial denaturation of 

3 min at 95°C, followed by 40 cycles of denaturation (94°C; 30 s), annealing (51.7°C; 60 s), and extension (72°C; 45 s) and a 

final extension step of 10 min at 72°C. The amplicon (10 µl) was analyzed on a 1.2% agarose gel. Rest of the amplicon (40 µl) 

was purified. The quantitative and qualitative estimation of amplicon was evaluated by its absorbance at 260/280 nm on 

Spectrophotometer. Further, 10 µl of the purified product was run on 1.2% agarose gel to confirm the presence of desired 

product against 100 bp ladder. 

Target detection with multiple nanoparticle probes. In a set of experiments, one, two, five or eight GNP probes were allowed 

to hybridize with the target 1257 bp of LT1 gene (Table 1). For single probe detection, the 50 pM (25 µl) of probe was combined 

with 60 pM of the targets (10 µl) and monovalent salt (10 µl NaCl, 0.5 M). For two, five and eight GNP probes- based detection 

equimolar concentration of all the probes were allowed to hybridize with the target DNA. Each hybridization mixture was 

heated to 95 0C for 2 min, followed by incubation at 55 0C for 15 min. After this, the UV-visible spectra were recorded using 

Spectrophotometer. 

Table 1. Thiol modified oligonucleotides used to prepare Gold nanoparticle probes. 

Organism 

(Gene) 

Oligonucleotides (5’-3’) 

(Thiol modification at 5’-end) 

Length 

(bases) 

Target 

(Size) 

ETEC 

(LT1) 

GGCAGGCAAAAGAGAAATGG  20 Gene (1.2 

kb) TTGGTCTCGGTCAGATATGTG  21 
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 CGGGACTTCGACCTGAAATGTT  22  

TGTGTCCTTCATCCTTTCAATGGC  24 

CAGGAGGTTTCTGCGTTAGG                   20 

TGATGAATCCAGGGTTCTTCTC  22 

TCTGAATATAGCTCCGGCAGAGGAT   25 

TTACAGATTAGCAGGTTTCCCACCG    25 

 

Quantitative detection of target using nanoparticle probes. Equimolar concentrations of eight GNP probes were hybridized 

with the target. Further, various dilutions of the target gene (from 107 to 1 copy) were allowed to hybridize with the GNP 

probes. For this, 5 μl of target DNA was added to 4.8 μl of equimolar GNP probes and monovalent salt (5 μl NaCl, 0.5 M).  

 

III. RESULTS 

Synthesis and characterization of GNP probes. Gold nanoparticles were synthesized using citrate reduction method. The 

colloidal solution of the GNPs was intense red in color with the spectral peak at 524 nm. The synthesized GNPs were found to 

be monodispersed, having size of 20±0.2 nm, as confirmed by transmission electron microscopy. The GNP probes showed SPR 

related absorption band at 525 nm and was pink in color. The synthesized GNP probes did not aggregate and maintained their 

interparticle distances [11]. 

Target DNA and its detection by GNP probes. The size of the amplified target DNA (1257 bp) was analysed and confirmed 

by agarose gel electrophoresis. The concentration of purified target DNA was found to be 44.1 ng/μl, with 260/280 ratio of 1.7. 

Equimolar concentrations of GNP probes (individually and in mixture) were hybridized with the target in presence of 

monovalent cationic salt (NaCl). This resulted into the generation of aggregates as reduction in the inter-particle distances was 

observed. The spectral shift in SPR related absorption band was observed from 524 to 552 nm which resulted into colour change 

from red to purple [11]. 

Quantitative detection of the target. Quantitative detection of the target was performed using the serially 10-fold diluted (107-

1 copies) LT1 gene. GNP probes were able to detect the 104 copies of target DNA (Fig.1) as observed by the transmission 

electron microscopy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Development of aggregates of GNP probes on hybridisation with the target LT1 gene DNA (1257 bp) as observed by TEM. 
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IV. DISCUSSION 

The detection of target is mainly dependent upon the aggregation of GNP probes. Since the target DNA is large, 

therefore the reduction in interparticle distances after hybridization is an urgent need. The incorporation of multiple probes can 

help in increasing the aggregation behaviour of gold nanoparticles. As a proof of concept, eight GNP probes were synthesized to 

target the different locations on the DNA sequence, of the virulent signature gene LT1 of Enterotoxigenic E. coli (Scheme 1). 

 

 

 

 

 

Schematic representation of the whole strategy. 

 

The synthesized GNPs bear negative charge due to surface electrons and maintain the interparticle distance which was 

confirmed by transmission electron microscopy. The colloidal solution of the GNPs was intense red in colour with optical 

absorption maxima at 524 nm. The surface plasmon resonance related absorption was found to be at 525 nm and did not show 

any noticeable changes in their colour. The slight change in absorption (~ 1 nm) was due to the change in the dielectric constant 

of the medium in which the probes were dissolved. The synthesized GNP probes were stable and did not aggregate in the 

solution. The GNPs obtained by citrate-reduction present in solution are charged particles and they are sensitive to changes in 

solution dielectrics. Hence, with the addition of salt the surface charge is shielded leading to a decrease in inter-particle distance 

and particle aggregation [12].  

Recently, GNPs have been used as intercalators for the detection of double stranded DNA [13, 14]. These are based on 

relatively non-specific interactions with DNA, which are prone to non-specific interaction with analytes other than target DNA. 

This may lead to generation of false positive results. Although, Li et al have demonstrated the colorimetric detection of 

synthesized DNA sequences based on electrostatic interactions using unmodified gold nanoparticles [15]. The assay neither 

detects the longer DNA targets nor the DNA of microbial origin.   

 The equimolar concentrations of GNP probes (individually and in mixture) were hybridized with the target. As 

evidenced from the absorbance spectra, the aggregation behavior was improved in the case of eight GNP probes. Since the size 

of the target was large and number of GNP probes was high, the more gold nanoparticles increase proximity, resulting in the 

generation of a highly cross-linked polymer network. Evidently, for the detection of larger targets multiple GNP probes are 

more effective. The DNA detection based on a non-cross-linking mechanism has been well documented. Sato and co-workers 

described non-cross linking mechanism of GNP aggregation for DNA detection. The GNP probes aggregate together at 

considerably high salt concentration when the target DNA is perfectly complementary to the probe [16]. In this study, eight 

probes were allowed to hybridize with the target, therefore the probability of occurrence of molecular overcrowding and steric 

hindrances were high. In the case of higher probe to target ratio, the probes are able to hybridize with the target, based on their 

respective positions. After hybridization, with the removal of unbound probes the signal to noise ratio was enhanced. 

Aggregation induced by the non-cross linking process is very rapid, and assays can often be completed in a few minutes [17]. 
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This is presumably due to the mechanism of non-cross linking aggregation. The interparticle attractive forces (van der Waals) 

dominate over the interparticle repulsive forces, which results in rapid aggregation [17, 18]. 

Quantitative estimation of the assay was performed using the serially diluted copy numbers of LT1 gene. GNP probes 

were able to detect the 104 copies of target DNA. The detection of target DNA was further confirmed by the transmission 

electron microscopy. In the TEM analysis, the reduction in the interparticle distances and aggregation of GNPs was clearly 

visible.   

IV CONCLUSIONS 

In conclusion, a novel colorimetric method was developed for detecting the complete gene (1257 bp), using stable DNA-

functionalized gold nanoparticles. In addition, the assay is homogeneous as it occurs in the liquid phase, a feature that makes it 

easy to automate and replicate in microwell plates. The rapid and sensitive detection of pathogenic gene reported here opens a 

new possibility of easy and reliable label free genetic diagnosis.  
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