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Introduction  

Escherichia coli is a member of the Enterobacteriaceae 

family, the largest family of Gram-negative bacteria, and 

belongs to the genus E. coli, Enterotoxigenic virotype 

(ETEC). E. coli O157:H7 is the most critical strain that 

produces Shiga-like toxins and is involved in foodborne 

illnesses.1 E. coli O157:H7 infection often occurs with 

contaminated beef, raw milk, and other cow products.2 E. 

coli infections are common in different countries of the 

world. For example, according to the Centers for Disease 

Control (CDC), there have been 73,000 cases of E. coli 

infections in the United States. The ability of E. coli O157: 

H7 to cause several diseases in humans is due to the release 

of Shiga-like toxins (Stx1 and Stx2) or verocytotoxin.3 

Another causative agent is the 94-KDa outer membrane 

protein called intimin, which binds bacteria to the intestine 

that is encoded by the eaeA gene. The third factor that may 

be involved in the pathogenicity of E. coli O157:H7 is 

Enterohemolysin (Ehly), which is encoded by the hly gene.4 

In addition to the genes encoding Shiga-like toxins (Stx1 and 

Stx2), as well as eaeA and hly genes, which are the most 

known pathogenic genes in STEC strains, E. coli O157:H7 

has two specific antigens, O-polysaccharide (O157) and 

flagellum protein (H7). Evaluation of rfb O157 and flic H7 

genes with antiserum can help to more accurately diagnose 

this pathogen.5 On the other hand, Shiga toxins belong to a 

large family of bacterial toxins that are mainly produced by 

Shigella dysentery serotype 1 and the STEC pathotypes, 

such as E. coli O157:H7, which can cause disease.6 Also, 

these toxins belong to the AB family of protein toxins. Part 

B is the pentameric and non-toxic subunit, which specifically 

binds to the target cell surface via a glycolipid receptor 

called Gb3. Then the catalytic part A enters the cytosol and 

inhibits the protein synthesis in the host cell by removing 

one adenine from 28S rRNA subunits of 60S ribosomes, 

leading to cell death. In some cells, this toxin also 

synthesizes cytokines and induces apoptosis by ribotoxic 

stress.7 In addition, Shiga-like toxins increase the signaling 

cascade and activity. So far, different types of this toxin 

have been identified, including Stx2f, Stx2, Stx2c, Stx2d, 

Stx2e, Stx1, Stx1c, and Stx2.8 Biosensors are analytical 

devices that are able to detect the type and concentration of 

an analyte, and then, the detected analyte is converted into 
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electrical, optical, and similar signals using converters. In 

metal nanoparticles, surface plasmon resonance (SPR) is 

responsible for the emergence of their unique optical properties. 

The first use of surface plasmon resonance was made in 

1990, and since then, SPR has been recognized as one of the 

optical biosensor technologies in various fields of chemistry, 

biology, and medicine.9-11 The phenomenon of surface 

plasmon resonance, excitation, and mass vibration of free 

electrons is a common boundary between metal and dielectric. 

Arousal is caused by the interaction of electromagnetic 

waves in the visible region with the plasmons of the gold 

and silver nanoparticle conductive layer. The use of 

nanoparticles as a label is due to the high sensitivity of 

nanoparticles to changes in the coefficient of failure of the 

environment around them. Gold and silver nanoparticles 

have a strong absorption peak in the visible region and are 

easily operated by accepting molecules, so they are the best 

choice as a label.12 In this method, the plasmon response of 

the nanoparticle conduction layer to the electromagnetic 

field in the presence of biomolecules can be observed by 

displacement at wavelength and reduction of adsorption. By 

binding antibody to GNP, red shift occurs, because the 

refractive index in the presence of an antibody is larger than 

that of the surrounding environment. When large molecules, 

such as biomolecules are placed on the surface, they occupy 

more volume, resulting in an increase in LSPR wavelength 

shift.13 In this work, we designed and evaluated a 

nanobioprobe using the LSPR properties of GNP, for 

detection of E. coli O157:H7. 

 

Materials and Methods 

NaPO4 buffer, chloroauric acid (HAuCl4), sodium citrate, 

K2CO3, NaCl, bovine serum albumin (BSA), phosphate-

buffered saline (PBS) tablets, Tween-20, TMB, and H2SO4 

were purchased from Merck (Sigma-Aldrich). Other chemicals 

were provided from Merck (Kenilworth, NJ). 

 

Antibody Purity and Concentration 

Polyclonal anti-Shiga-like toxin (IgG) and Shiga-like toxin 

were prepared from our previous investigation (data not 

reported). To determine the purity of IgG, this antibody was 

analyzed using SDS-PAGE method on a 10% acryl amid and 

stained with coomassie brilliant blue, and then, the 

concentration was determined using Bradford method. 

 

Synthesis of 40-nm Spherical Gold Nanoparticles 

We used Turkovitch's method to synthesize GNP.14 To 

obtain 10 ml of gold nanoparticles, 10 ml of deionized water 

was put in an erlenmeyer flask on the magnetic stirrer to 

boil. 100 μl of 1% HAuCl4 solution was added to boiling 

deionized water on the stirrer. Then, 100 μl of 1% sodium 

citrate was added to the solution and the process continued 

until the red color appeared. In following, the red solution 

was placed on the ice to cool completely. GNPs were 

characterized applying transmission electron microscopy 

(TEM), dynamic light scattering (DLS), and zeta potential 

(Zp), to determine size distributions, the electrical surface 

charge and size, respectively. Also, the formation of 

spherical gold nanoparticles was determined by a UV-visible 

spectrophotometer (Amersham Biosciences4300 Amersham 

BioSciences UK Ltd., Buckinghamshire, UK), and recorded 

in the wavelength range of 400-700 nm. 

 

Conjugation of GNP with Antibodies (Physical Interactions)  

Firstly, to determine the appropriate IgG concentration, 25 

µl of antibody at the concentrations of 0, 1, 3, 5, and 7 µg/ml 

was added into a 96-well plate. The pH of GNPs was set to 9 

using K2CO3 solution (GNPs pH was higher than the 

isoelectric pH); then, 125 µl of GNP was added to each well 

and after 5 minutes of incubation, 125 µl of NaCl solution 

was added to each well. At a lower concentration of 

antibody (for conjugation), sodium salt attaches to the free 

space around the GNPs (not attached to the antibody) and 

neutralizes the charge around the nanoparticles and it 

changes color from red to blue. In following, the antibody 

with a specific concentration was added to 300 μl of GNP 

with pH 9, and incubation was done for 1 h on the ice. After 

that, 30 μl of 10% BSA was added and the solution was 

incubated for 20 minutes (to block the empty spaces around 

the GNPs). To remove excess BSA and antibodies that were 

lost attached, the centrifuge process was performed for 20 

minutes at 12000 rpm and 4 °C. After that, the supernatant 

was removed and the pellet was dissolved in distilled water 

with a volume of 300 µl. Finally, to confirm the conjugation 

(physical interaction), the changes of the UV-visible 

absorbance (the LSPR band) of GNPs before and after the 

conjugation were analyzed using the DLS and UV-visible 

techniques. 

 

Immunological Activity and Specificity of Nanobioprobe 

To evaluate the sensitivity of the nanobioprobe in the 

presence of various concentrations of Shiga-like toxin, a 

serial dilution of 0, 10, 100, 300, 500, and 700 ng was 

prepared from Shiga-like toxin in 300 μl of the 

nanobioprobe and incubated on ice for 1 h. The solution was 

then centrifuged at 12000 rpm and 4 °C for 4 min. Then the 

change in color of vials at optical detection and LSPR 

wavelength was investigated by UV-visible technique. In 

addition, the activity of IgG before and after bioconjugation 

was monitored using conventional ELISA. For this purpose, 

serial dilutions of Shiga-like toxin (from 0 to 1000 ng) and a 

negative sample (M2 Protein extracted from influenza virus) 

were coated in 2 rows of a 96-well plate and incubated at 

4 °C for 24 h, then the wells were washed three times with 

PBS-T (phosphate-buffered saline with Tween-20). At the 

next step, 100 μl of IgG was added to the first rows and 100 
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μl of the nanobioprobe in the second row, and the plate was 

incubated at 4 °C for 1 h. The three-time washing with PBS-

T was repeated. Then the second antibody conjugated with 

horseradish peroxidase (HRP) was added and the plate was 

incubated at 4 °C for 1 h. Finally, after the wash, a substrate 

solution (TMB and H2O2) was added and the plate was kept 

in the dark place until the appearance of the color. The 

results were recorded by an ELISA reader at the 

wavelengths of 450 and 630 nm, after stop reaction (by 0.5 

M of H2SO4). 

 

Results 

Characterization of IgG 

To determine the purity and concentration of IgG, this 

antibody was tested on a 10% polyacrylamide gel 

electrophoresis (Figure 1) and Bradford method. The result 

of SDS-PAGE showed a suitable purity (about 90%, 150 

kDa, using ImageJ software) and the protein concentration 

was estimated to be 1 mg/ml. 

 

 
 

Figure 1. SDS PAGE Analysis Reducing (1, 2) and Non-reducing (3) of 

Anti- E. coli O157:H7 Purified IgG. (M) Protein Size Marker. 

 
 

Figure 2. The Properties and Characteristics of Synthesized GNPs. (A) UV-visible absorption spectra of GNPs in the range of 400-700 nm, (the upper 

part) visual observation of GNPs using TEM; (B) Results of the DLS for the GNP size, and (C) The DLS for the zeta potential of the GNP 

concentration of IgG to make the nanobioprobe. 

 
Characterization of Gold Nanoparticles 

A fast and inexpensive way to ensure the synthesis of 

spherical gold nanoparticles and to evaluate the absorption 

spectra of plasmonic nanoparticles is using a spectrophotometer 

and UV-Visible spectroscopy. In this method, gold spherical 

nanoparticles have an absorption peak and absorb a 

wavelength of 530 nm. In this study, the absorption intensity 

of nanoparticles was examined in the wavelength range of 

700-400 nm. According to the obtained diagram, spherical 

gold nanoparticles have a strong absorption peak at 530 nm 

(Figure 2A). On the other hand, the TEM picture showed 

that, the gold colloid solution is in a suspension condition, 

according to the negatively charged layer of citrate ions that 

redirect atoms from each other and the maximum shape of 

the gold nanospheres was globular and around 40 nm in size 

(Figure 2A-the upper part). In addition to this method, we 

used the DLS technique to measure the size and zeta 

potential (charge) of gold nanoparticles, that approximately 

70% of the synthesized nanoparticles had a size of 41 nm 

and a charge of about -51 (Figure 2B and 2C). 

 

The Nanobioprobe Production 

The appropriate concentration of IgG for conjugation was 

determined by its aggregation in NaCl salt. According to 

figure 3A, IgG did not aggregate at the concentrations of 5 

and 7 µg/ml. This indicates that the minimum concentration 

of antibodies, which can surround the nanoparticles is 5 

µg/ml, so there is no empty space for salt binding at 5 µg/ml. 

Therefore, a concentration of 5 μg/ml was used (Figure 3A). 

Also, according to Figure 3B, the absorption peak of 

nanobioprobe decreased compared to GNP, and the LSPR 

bandwidth was regularly shifted to higher areas (red shift). 

These results indicate the conjugation of the antibody to the 

gold nanoparticles. Because the LSPR band of GNP is 

directly related to its surface mass, the surface mass of 

nanoparticles increases with increasing antibody concentration,  
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Figure 3. (A) IgG color changes at the concentrations of 0 to 5 μg/ml with gold spherical nanoparticles in the presence of NaCl salt; (B) LSPR GNP 

band wavelength changes after conjugation with IgG; (C) Results of the DLS for the size of the IgG nanoprobe, and (D) The DLS for the IgG 

nanoprobe zeta potential. 

 

 
 

Figure 4. (A) The alteration of LSPR GNP conjugated to IgG antibody absorption band at different bacterial concentrations; (B) Visual nanobiprobe 

color changing at different concentrations of toxin from 0 to 700 ng; (C) Comparison of the optical results of ELISA using IgG antibody before and 

after conjugation with GNP. 

 

and the LSPR wavelength shifts to red areas. Another way to 

confirm the formation of nanobioprobes is DLS. As shown 

in the comparison of Figure 3D/3E and Figure 2B/2C, the 

size of the surface charge from nanobioprobe has relatively 

increased. 

 

Performance of the Nanobioprobe LSPR 

According to the results of the study of changes in the LSPR 

band of nanobioprobe in figure 4A, in the presence of Shiga-

like toxin, the LSPR band of nanobioprobe made is moved 

to a higher wavelength and its absorption is reduced. This 

displacement and reduction of adsorption were directly related 

to the concentration of toxin, so that in high concentrations 

of toxin, the absorption of nanobioprobe was greatly reduced 

and its absorption wavelength was shifted to a higher (red) 

wavelength. This shift in intensity reflects the high sensitivity 
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of the LSPR nanobioprobe band to changes in the environmental 

refractive index. In the presence of 10 ng/ml of toxin, the 

LSPR band of the nanobioprobe is shifted to a longer (red) 

wavelength, and its absorption is reduced, indicating the 

ability to detect Shiga-like toxin at the lowest concentration, 

10 ng/ml. An important feature of the designed nanobioprobe 

is the ability to detect target analytes with the naked eye. 

After the toxin binds to the nanobioprobe (suitable 

concentration), the negative charges around the nanobioprobe 

are neutralized, thus eliminating the repulsion between the 

nanobioprobes and causing cumulative behavior and 

changing the color of the solution from red to blue. As we 

have shown in Figure 4B, in a microtube containing a toxin 

with a concentration of 10 ng/ml, color changes from red to 

blue are quite significant. So much so that at higher 

concentrations of the toxin, the accumulative behavior of the 

nanobioprobe causes it to aggregate, resulting in discoloration 

of the solution inside the microtube. 

 

The Specificity of Nanobioprobe 

The specificity of antibodies, before and after conjugation 

(produced nanobioprobe) was evaluated using the ELISA 

method. For this, indirect ELISA is used for measuring the 

function of a labeled antibody with GNP. As we can see in 

figure 4C, comparing the results of the ELISA method, the 

nanobioprobe with antibody without conjugate is almost the 

same, with the difference that the amount of antibody 

activity after conjugation has decreased slightly. This 

indicates that the nanoparticles do not bind to the antibody 

Fab part and do not alter the immunological function of the 

antibody. In the negative control well, according to no 

connection between the nanobioprobe and the negative 

control (M2 protein), the nanobioprobe is removed during 

the washing stage and no color change is observed, which 

indicates the specificity of produced nanobioprobe. 

 

Discussion 

In this study, the binding of gold nanoparticles to antibodies 

and the detection of Shiga-like toxin were confirmed using 

UV-visible and DLS methods and the sensitivity and 

specificity of the produced nanobioprobe were evaluated 

using the ELISA method. The results showed that the 

sensitivity of this method in detecting Shiga-like toxin is 

about 10 ng/ml concentration. One of the most important 

properties of metal nanoparticles, especially gold and silver, 

is their plasmonic properties. When the electrons in the 

capacitance are out of equilibrium, plasmonics are formed. 

This feature is used to build sensors in medicine and 

industry. Gold nanoparticles have a certain plasmon absorption 

frequency wavelength, which is measurable. After combining 

different materials with gold nanoparticles, the refractive 

index and wavelength of nanoparticles change, which can be 

seen both visually and with a measurable detector.15  

Connecting specific molecules to the surface of 

nanoparticles can cause a change in the dielectric constant, 

which causes a change in color and visual observation of 

changes in the concentration of the analyte without the need 

for a device quantitatively (color change from red to blue in 

different concentrations).9 LSPR-based sensors are resistant 

to electromagnetic interference and can be monitored 

remotely due to this resistance.16 According to the results of 

this study, Shiga-like toxins can be detected in less than 2 h, 

which is a relatively fast time to diagnose analytics. This 

method is cheap, without the need for a diagnostic device. If 

it is made in the form of a rapid test kit, it is portable and can 

be used anywhere without the need for specialized 

personnel, and because specific antibodies have been used to 

identify the target, it is a highly specific detection method. 

The presence of gold nanoparticles and their sensitivity to 

environmental dielectric changes cause the high sensitivity 

of these sensor nanoparticles in analyzing the analytes. As 

reported, the sensitivity of the sensor to the Shiga-like toxin 

is 10 ng/ml. Other identification methods that have been 

used to date have shortcomings as follows. The first 

category is the conventional microbiological methods. In 

these methods, for detecting toxin-producing bacteria, food 

samples are cultivated in different or selective media. These 

methods are suitable for studying phenotype and metabolic 

fingerprinting, but they require a long time, an incubator, 

and are labor-intensive methods.17 The second category is 

the traditional methods that involve various pre-enrichment, 

selective enrichment, biochemical screening, and serological 

confirmation steps. These methods are laborious and time-

consuming, and require trained personnel due to the need to 

accurately distinguish non-pathogenic bacteria from 

pathogens.18 Other traditional methods for detecting bacteria 

include counting cells using a microscope, flow cytometry, 

impedimetry, redox reactions, ultrasound, and physical 

measurement of parameters with the help of piezo crystals.19 

The other category includes various PCR techniques: These 

methods use the proliferation of the STX gene. The 

advantages of these methods include high sensitivity and 

specificity and the use of a small amount of samples for 

identification. However, it takes a long time to process and 

identify samples. They require a specialized thermocycler 

and specialized personnel.20-22 Another method is the ELISA 

method, which is based on the binding of antibodies to the 

target antigen. It is a method for accurate qualitative and 

quantitative identification of targets from a combination of 

materials, but it takes a long time to identify a target.17 The 

microarray technique is the next method of detection, which 

allows the simultaneous identification of a large number of 

pathogens in foods, with a simple reaction. The basic idea is 

that many complementary probes are joined in a matrix 

shape on a solid surface; each of these sites contains several 

copies of specific probes. The matrix is hybridized with the 

http://www.biotechrep.ir/


http://www.biotechrep.ir 

Detection of E. coli O157:H7 using L-SPR 

 

 J Appl Biotechnol Rep, Volume 10, Issue 3, 2023  |  1096 

DNA isolated from the sample of interest, producing a 

characteristic fluorescence. However, this regular microarray 

method needs expensive equipment, both for exploring that 

matrix and for compiling the generated data.23 

 

Conclusion 

The tracking of antigen using an immunogold labeling-based 

biosensor was considered as a method with high specificity, 

precision, speed, and could be a handy tool for the 

knowledge of toxic clinical strains of Shiga-like toxin-

producing E. coli (STEC) to prevent and disease release. 

Accordingly, produced immunoassay-based LSPR biosensors 

for detection of STEC is a cost-effective plan to replace the 

culture methods, current methods of conventional PCR, and 

ELISA in isolating these bacteria from clinical specimens. 
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