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Abstract:
Detection of staphylococcal enterotoxin B (SEB) as a bacterial toxin causing severe food

poisoning is of great importance. Herein, we developed an electrochemical aptasensor for SEB
detection using a screen printed electrode modified with reduced graphene oxide (rGO) and
gold nano-urchins (AuNUSs). Afterward, the single-stranded DNA probe was attached to the
surface of AuNUs on the modified electrode and then the specific aptamer was attached to the
probe. In the presence of SEB molecules, the aptamer detached from the electrode surface and
after applying the electrochemical signal generator, hematoxylin and the peak current of
differential pulse voltammetry (DPV) were recorded. Due to the intercalation mechanism of
hematoxylin-DNA interaction, the detachment of aptamer from electrode surface decreased the
DPV peak current and the calibration graph (peak current vs SEB concentration) can be used

for quantification of SEB. The cyclic voltammetry (CV) and electrochemical impedance



spectroscopy (EIS) and also field emission scanning electron microscope imaging were used
for electrode characterization. Selectivity experiments of the developed aptasensor showed a
very distinct difference between SEB and other nonspecific molecules. A wide linear range
from 5.0 to 500.0 fM was achieved and the detection limit was calculated as 0.21 fM. The
performance of the aptasensor was checked in spiked food samples as simulated real samples
and the results showed no significant difference compared to the synthetic samples. Results of
selectivity and repeatability of the aptasensor were satisfactory. In addition, better recovery
percentages and also lower standard deviation of aptasensor compared to a commercial ELISA

kit of SEB detection proved the superior performance of the proposed aptasensor.

Keywords: staphylococcal enterotoxin B, electrochemical biosensor, aptasensor, reduced graphene

oxide, gold nano-urchins.

1. Introduction

One of the most common foodborne pathogens worldwide is Staphylococcus aureus that
produces a variety of virulence factors like enzymes and toxins including enterotoxin,
neurotoxin and cytotoxin which could be harmful to our health (DeGrasse 2012; Fooladi et al.
2010; Mello et al. 2016; Saadat et al. 2014; Wu et al. 2016). A wide range of enterotoxins are
secreted by enterotoxigenic strains of the Staphylococcus aureus (Deng et al. 2014; Hedayati
Ch et al. 2016; Huang et al. 2015; Imani-Fooladi et al. 2014; Salmain et al. 2011; Wu et al.
2013; Zargar et al. 2014; Zeleny et al. 2015). Among these toxins, the staphylococcal
enterotoxin B (SEB) is a bit different due to its superantigenic properties in nature, leading to
immunosuppression and serious food poisoning via the consumption of contaminated food like
dairy, salads, unrefrigerated meats and also bakery products (Fooladi et al. 2009; Gholamzad et
al. 2015; Imani Fouladi et al. 2011; Wu et al. 2013). Gastrointestinal symptoms produced by
SEB are including but not limited to nausea, vomiting, and diarrhea. Moreover, this toxin could
also be transmitted through the respiratory tract and thereby be categorized as a biological
weapon (Wu et al. 2016; Wu et al. 2013; Yang et al. 2009).

Researchers have found that lethal dose of SEB is 20 ng/kg and at lower concentrations can
cause disability in humans. Therefore, the detection of this toxin in low concentrations in food

is very important (Chrouda et al. 2013; Deng et al. 2014). Conventional detection methods for



SEB consist of bioassay methods, polymerase chain reaction (PCR), liquid chromatography-
mass spectrometry (LC-MS) and enzyme-linked immunosorbent assay (ELISA). Most of these
detection strategies are expensive, time-consuming as well as requiring complicated
instruments and trained personnel (Deng et al. 2014; Hedayati Ch et al. 2016; Huang et al.
2015).

In contrast to the above techniques, the electrochemical biosensors and/or aptasensors have
some potential to be more suitable for SEB detection and have become one of the most popular
SEB detection methods due to their efficient advantages, low-cost, easy-to-use and sensitive
quantification (Azimzadeh et al. 2015; Hajihosseini et al. 2016; Justino et al. 2015; Nasirizadeh
et al. 2011; Shoaie et al. 2018a; Shojaei et al. 2016; Wu et al. 2016; Yazdanparast et al. 2018).

Various electrochemical techniques and strategies, sometimes along with signal
amplification strategies have been used in electrochemical biosensing systems so far and most
of them have used nanomaterials and nanostructures to achieve better sensitivity throughout
different ways and reasons (Azimzadeh et al. 2017; Seifati et al. 2018; Shoaie et al. 201843, b;
Syedmoradi et al. 2017). In the past decade, the aptamer-based biosensors, namely aptasensors,
which use aptamer as their detection agent, have gained great attention; because they can
recognize their specific ligands and bind to different targets with high affinity and specificity
(Deng et al. 2014; Luo et al. 2014; Radi 2011). Aptamers present many significant advantages
in contrast with antibodies including low immunogenesis, chemical permanence, low molecular
weight and high affinity (Radi 2011; Topkaya and Azimzadeh 2016).

Electrochemical biosensors and nanobiosensors have been used for SEB detection,
previously. Different approaches recruit different receptors such as aptamers (Xiong et al.
2018), antibodies (Chatrathi et al. 2007) and also different nanomaterials such as composites of
graphene and gold nanoparticles (Sharma et al. 2016), platinum nanoparticles (Sharma et al.
2014), carbon nanotubes (Tang et al. 2010) for the detection of SEB. But, as far as we know,
the combination of the two nanomaterials including reduced graphene oxide (rGO) and gold
nano-urchins (AuNUs) was not applied in any reported study on SEB detection. The rGO has
been used in different electrochemical biosensors and aptasensors so far and it has been
reported that the high conductivity and high surface area of rGO make it a good choice for
electrochemical methods (Chen et al. 2010; Pumera 2010, 2011; Zhou et al. 2009). The AuNU

is a special type of gold nanoparticle with a higher surface area that can provide a bigger



surface for probe attachment (Aghili et al. 2017; Chiwunze et al. 2017; Sabri et al. 2016;
Thapliyal et al. 2017).

In the current study, we developed an electrochemical aptasensor adopting DNA
hybridization by the self-assembled monolayer (SAM) technique for SEB detection. We have
used a specifically designed aptasensor with high affinity to target SEB toxin molecules. In
addition, we have used the combination of rGO and AuNUs on the working electrode to
enhance the sensitivity of the aptasensor. The specific conjugation probe which is partly
complementary to the aptamer linker was used to attach aptamers through a linker to the gold
nano-urchins. It has to be mentioned that such a combination of nanomaterials has not been
found by searching the literature for electrochemical biosensing; therefore, it is the first study
of its kind in this field.

2. Experimental

2.1. Chemicals and solutions

All the chemicals used to prepare solutions were applied without further purification as
purchased from either Merck Company or Sigma-Aldrich Company, based on their availability.
The gold nano-urchins (AuNUs) (average size 60 nm, Cat. No. 795399) and chemically
reduced graphene oxide (rGO) (Cat. No. 777684) were achieved from Sigma-Aldrich Co.
(USA). All the solutions were prepared using double distilled (DDW) water and their making
protocols were based on the previous publications from our research team (Azimzadeh et al.
2017; Azimzadeh et al. 2016; Hajihosseini et al. 2016). All solutions and glassware were

sterilized using the autoclave.

2.2. Oligonucleotides

The sequence of SEB aptamer was obtained from a previous SELEX study of our research team
(Hedayati Ch et al. 2016). All oligonucleotides were synthesized, HPLC-purified and received
in lyophilized form by Metabion Company (Germany) with the following sequences:

Aptamer SEB: 5'-
TGCAGGATCCGGTATCCGTGCACACACACCCAACAACCAGCTGCCGCACCGGAGG
AATTCTCGT-3'



ssProbe: 5'-Thiol- TTTTTTACGAGAATTCCTCCGGTGCG-3'

2.3. Electrochemical instrumentation

Electrochemical measurements, including cyclic voltammetry (CV), differential pulse
voltammetry (DPV) and electrochemical impedance spectroscopy (EIS) were performed with
Autolab potentiostat/galvanostat PGSTAT30 from Metrohm Company (Netherland) at
laboratory temperature (25 1 °C). The interface program was GPES version 4.9 and screen-
printed carbon electrode (SPCE) from DropSens Company (Spain) was used instead of
conventional three electrode system. The working electrode of the SPCE was made of carbon
(4 mm diameter), the counter electrode was made of platinum and the reference electrode was

made of silver.

2.4. Preparation of aptasensor

In this section, all the parameters used for the preparation of the aptasensor have been
optimized through the separate experiments which their results are shown in the supplementary
text. In addition, the concentration of rGO and AuNUs are obtained from the previous work
(Aghili et al. 2017). To prepare the aptasensor, first 2.0 uL of 1.0 mg mL™ rGO solution was
dropped onto the surface of the working electrode and then slowly dried at room temperature.
At this stage, 2.0 uL of AuNU solution at a concentration of 100.0 pg mL™ was dropped onto
the surface of rGO/SPE and was kept at ambient temperature to be dried slowly. Afterward, 2.0
uL droplet of the immobilization buffer solution containing 80.0 nM of the thiolated single-
strand probes was deposited on the modified electrode surface and for the attachment of the
probes onto the gold nano-urchins surface, incubated in a high-humidity container at room
temperature for 100 min. After washing with the washing solution, the electrode was immersed
in 0.1 mM MCH solution for 5 min to block the remaining bare regions on the surface of
AuNUs.

The resulting modified electrode was rinsed with (80:20 v/v) ethanol: water and distilled water,
respectively. In the end, the prepared electrode was immersed in the hybridization buffer

solution (pH 7.0) containing 1100.0 fM concentration of the aptamer at room temperature



(25£1 °C) for 120 min. Finally, in this step, the aptasensor was ready. Then the aptasensor was
incubated with the desired concentrations of the SEB for 125 min.

To evaluate accurate modifications on the working electrode during the fabrication process,
after every preparation, the analysis of CV and EIS was carried out in the solution of 5.0 mM
Ks[Fe(CN)g]/K4[Fe(CN)g] containing 1.0 M KCI. The potential range of CV was -0.025 to 0.33
V with a sweep rate of 0.02 V s * and EIS was performed from 100 kHz to 0.01 Hz with
amplitude of 5 mV and potential of 0.27 V. Additionally, the electrochemical signal
measurements were done using differential pulse voltammetry (DPV), with a modulation time
of 0.05 s, amplitude of 25 mV and step potential of 50 mV in 0.1 mol L™ PBS buffer (pH 7.0).

2.5. Hematoxylin accumulation on the aptasensor

The obtained aptasensor was immersed in the 0.1 mM phosphate buffer solution (pH 7.0)
containing 0.09 mM of hematoxylin for 10 min stirring at low speeds. After that, the electrode
was rinsed with a washing solution for 10 S. In order to create a control, once the aptasensor
was prepared, the electrode was immersed in the hematoxylin solution without applying the
SEB solution and the peak current of DPV was compared between these cases and current

difference was calculated.

2.6. Scanning electron microscope (SEM) analysis
The SEM imaging analysis of the working electrode surface was performed using field

emission scanning electron microscopy (FE-SEM) Zeiss Sigma 500 VP (Germany).

3. Results and discussion

Preparation of the nanobiosensing mechanism of the SEB based on an electrochemical
aptasensor is reviewed in a scheme 1 for the better explanation. As it can be seen in this
scheme, the main working mechanism is based on detachment of the aptamer in the presence of
the SEB toxin. In general, preparation of the electrode started with modification of the SPCE
with rGO and AuNUs and consequently with specific probe that is partially hybridized with a
segment of aptamer. After the introduction of the toxin, the affinity of the SEB molecule

towards its specific aptamer, makes the aptamer detached from the surface of the modified



electrode. This leads to a decrease in DPV signal of the electrochemical label, hematoxylin.
This is caused by the intercalation interaction of hematoxylin with DNA that means preference
towards double-stranded DNA (probe+aptamer) compared to the single-stranded DNA (just
probe). The peak current difference then will be calculated and its relationship to the amount of

SEB is presented in the calibration graph.

3.1. Characterization by cyclic voltammetry

After each assembly step, cyclic voltammetry can give useful information on the changes
of the electrode behavior. The cyclic voltammograms of the electrode in 1.0 mM Kj;[Fe(CN)g]
solution for bare SPE electrode, SPE/rGO, AuNUs/rGO/SPE, ssDNA/AuNUs/rGO/SPE,
MCH/ssDNA/AuNUs/rGO/SPE and dsDNA/AuNUs/rGO/SPE are shown in Fig. 1A. As it is
presented, a high peak current voltammogram was obtained by using nanomaterials like rGO
and gold nano-urchins, because they have very high electron conductivity. Following
immobilization of the SS-probe and MCH treatment on the SPE surface, the current
dramatically decreased due to the blockage of the electrode surface by the SS-probes and MCH
molecules (curve b). After hybridization of the SS-probe with the target DNA, the redox peak
currents declined significantly (curve d) because, the hybridized oligonucleotides accumulate
on the SPE surface which is negatively charged. Likewise, they cause extra blocking layer for
the electron transfer of the K3[Fe(CN)g] onto the SPE surface.

3.2. Characterization by EIS

In addition to CV analysis, the EIS measurements were also performed on the modified
electrode after every modification step. The resulted Nyquist plot of this section is represented
in the Fig. 1B. By comparing the EIS curves that are associated with a working electrode
modification, we can assess the electrochemical behavior of each modification step, same as
the CV analysis explained in the previous section. Thus, it can be concluded here, the curve d is
for bare SPCE electrode and its resistance was decreased when the rGO was added to the
electrode surface (curve b) and further decrease happened after adding the AuNUs to the
electrode (curve a). But, after adding the ssProbe on the AuNUSs, the resistance became higher,



due to the spatial blocking of the anions/cations to reach the electrode surface and also the
repellant effect of the DNA strand because of their negative charge (curve e). After applying
the MCH, the resistance decreased (curve c) and after hybridization of the aptamer to the
ssProbe the resistance increased again (curve f) and reached its higher value in the plot. It can
be explained in the same way as when applying the ssProbe on the AuNUs, considering the
negative charge of the DNA strand which now is higher due to the double stand structure of the
hybridized aptamer-ssProbe and also the spatial blockage of the ions to reach the electrode

surface is more.

3.3. Characterization by SEM

SEM imaging is a proper way to observe the correct assembling procedure of the
nanomaterials on the working electrode surface. The SEM imaging was performed for the
modified electrode surface after changing with reduced graphene oxide (Fig. 2A) and also after
adding gold nano-urchins on the surface of reduced graphene oxide (Fig. 2B). The presence of
graphene oxide layer on the electrode surface is presented appropriately in the Fig. 2A.
Furthermore, in the Fig. 2B the suitable distribution of the gold nano-urchins on the graphene
oxide layer is shown. The results of SEM imaging were proved the suitable decoration of the
rGO and AuNUs on the modified electrode surface and this protocol was selected for the rest of
the study. Therefore, the probe immobilization and further modifications on the electrode
surface was performed based on the modification protocol of rGO and AuNUS.

3.4. Analytical performance and selectivity of the nanobiosensor

To evaluate the selectivity of SEB toxin attachment on the modified SPCE electrode with
the aptamer on the rGO and AuNUs layer, the selectivity test was performed. The DPVs of
hematoxylin accumulated on the modified SPE after hybridization with 2.0 pmol L™ solution of
specific and non-specific toxins are measured for four replications (error bar represented in the

graph) and comparison of their peak current are shown in Fig. 3A. Due to the working



mechanism of the aptasensor, the lower peak currents are desirable and show the high
sensitivity of the nanobiosensing mechanism. As it can be seen in the Fig. 3A, the peak current
of SEB attached to aptasensor was very lower than the peak current of control, staphylococcal
enterotoxin C (SEC), staphylococcal enterotoxin A (SEA), bovine serum albumin (BSA) and
the blank solution which are similar to each other, with very higher current compared to the
SEB toxin. From these results, the high selectivity of the aptasensor to the SEB in comparison
with other non-specific toxins and proteins was concluded and this could be due to the high
affinity of the designed aptamer to the SEB toxin.

Additionally, the analytical performance of the aptasensor was tested by different
concentrations of the SEB and the resulted DPVs were recorded for four replications. Based on
the evaluations completed in this part of the study, there are 10 different concentrations of SEB
that do have a linear relationship with the peak current and can be showed as linear range or
dynamic range of the aptasensor. These 10 peaks and also the calibration curve of the study are
shown in the Fig. 3B. According to the calibration curve, the concentrations of SEB were in a
linear relationship with the peak current in the range of 5.0-500.0 fM which is called the linear
range or dynamic range. Based on the formula explained earlier in the previous publications,
the detection limit was calculated for the aptasensor to be 0.21 fM of SEB.

The reproducibility of the aptasensor was also tested through a set of experiments that
repeated the detection process of the SEB in a distinct amount by the aptasensor. In this section,
the five replications were performed by the fabricated aptasensor to detect the 20.0 fM
concentration of the SEB and the results showed only 5.4 % of relative standard deviation
around the mean current of five replication. Such a low standard deviation could reveal the
reproducibility of the aptasensor.

The performance of the aptasensor is compared to other previously published works about
the detection of SEB and shown in the Table 1. By achieving a very low detection limit and
also wide linear range, the reported aptasensor is better in sensitivity compared to the most of
the previously studied SEB sensors with different detection methods and strategies that are
reported in Table 1. This might be originated from the fact that we used the combination of the
two nanomaterials rGO with high conductivity and high surface area for the attachment of

AuNUs and also the AuNUs itself with very high surface area compared to regular spherical



gold nanoparticles. Optimization experiments to achieve better results for the aptasensor to

detect SEB are also another probable reason in this regard.

3.5. Performance in the simulated real sample

Performance of each detection method should be evaluated in the real sample to be used
in actual clinical studies. For this reason, the aptasensor was assessed further in simulated
samples by spiking an exact amount of SEB toxin in three different samples including two food
samples (milk and meat extract) and also human serum sample. The samples were read by the
aptasensor before spiking the SEB and then again after spiking of different concentrations of
the SEB. In four replications the mean recovery percentage and also the relative standard
deviation (RSD) were calculated for each spiked concentration in each sample. The results are
shown in the Table 2A. As it is clear, the recovery percentages are near to 100 percent with low
RSD percentage that shows the repetitive results of the aptasensor in real sample and also good
recovery percentage without any significant interfering effect from non-specific moieties and
molecules in the real samples of milk, meat and human serum. This is a very important
specification for each detection test in lab experiment and shows the performance of the
method in real samples. Therefore, this result could be a reason to suggest performing real

clinical studies of SEB quantification using this aptasensor in detection labs.

3.6. Confirming with a commercial kit

To confirm the aptasensor results in the previous section which were simulated real samples, an
experiment was done by using a commercial staphylococcal enterotoxin B (SEB) detection kit
(Cat No 6030) from Chondrex Inc. (USA) following the protocols of the manufacturer.
Because of the different linear range of the commercial kit (0.16-10.0 ng/mL) some
concentrations that were tested with the aptasensor could not be measured using the
commercial kit because they were lower than its detection limit. The commercial ELISA kit

was used to measure the three concentrations of the SEB in three replications spiked into the



human serum, milk and meat. The results of the experiments in this part are shown in the Table
2B demonstrating the recovery percentage of each experiment and their respective coefficient
of variation (CV) percentages for three replications.

The standard samples which were provided by the manufacturer were also tested to assure the
function of the detection kit. However, it has to be mentioned that the function of the ELISA kit
in the standard sample solutions was much more accurate than the provided real samples of
foods and serum, which is reflected in the results of the kit represented in the Table 2B. As it is
revealed the standard deviation of the ELISA kit is higher than the fabricated aptasensor and
could be another reason to consider this aptasensor for clinical applications of SEB detection.
In addition, another advantage of this biosensor is that its detection limit is very lower than the
commercial kit. Therefore, the only concentrations of the SEB in the linear range of
commercial kit could be tested by the aptasensor.

Conclusion

The developed electrochemical aptasensor showed high sensitivity for staphylococcal
enterotoxin B (SEB) in milk, meat and serum samples. Role of reduced graphene oxide (rGO)
and gold nano-urchins (AuNUSs) and also screen-printed electrode (SPCE) seems important in
this regard. In addition, high selectivity of aptasensor towards SEB in comparison with the non-
specific molecules that is provided by specific conjugation of aptamer-SEB molecule provides
extra advantages for the developed system. Results in simulated real samples were also
favorable to be applied in future for real food samples. Although there are some limitations and
challenges left to be considered on the road to commercialization. The stability of the method
should be enhanced to be more adaptable for storage and be used in every condition. But, on
the other hand, the low-cost and simple production of the aptasensor is of great importance,
especially in the commercialization of the product. Furthermore, the comparison of the results
with a commercial detection kit of SEB showed that the standard deviations of the aptasensor
measurements are much lower than a commercial ELISA kit which is used regularly in this
field. It can be suggested that the application of a portable potentiostat/galvanostat in related
future works will provide an extra advantage for the aptasensor because it can be used as a

point-of-care device to assess food samples in the field instead of advanced laboratories.
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Fig. 1. (A) The cyclic voltammograms of the modified SPE electrode in the K3[Fe(CN)g]
solution after every step of the aptasensor fabrication. (a) AuNUs/rGO/SPE, (b) SPE/rGO, (c)
MCH/ssDNA/AuNUs/rGO/SPE, (d) ssDNA/AuNUs/rGO/SPE, (e) bare SPE electrode and ()
dsDNA/AUNUs/rGO/SPE. (B) The Nyquist plot of the different modified SPE electrodes in the
solution of 5.0 mM Kj3[Fe(CN)g] containing 1.0 M KCI. (a) AuNUs/rGO/SPE, (b) SPE/rGO, (c)
MCH/ssDNA/AuNUs/rGO/SPE, (d) bare SPE electrode, () sSSDNA/AUNUs/rGO/SPE and (f)
dsDNA/AuNUSs/rGO/SPE.

Fig. 2. SEM images of the (A) rGO and (B) rGO/AuNUs modified SPE electrode.

Fig. 3. (A) Results of the selectivity of the aptasensor in different solutions containing
specific target toxin (SEB) and other non-specific molecules SEA, SEC, BSA and also a
solution without any sample designated blank. (B) DPVs of the linear range of the aptasensor
and (C) calibration curve and corresponding function (with error bars of three replications).
Scheme 1. Schematic review of fabrication process of SEB aptasensor using reduced graphene

oxide and gold nano-urchins.
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Table 1. Comparison of the aptasensor parameters and functions to previous

publications for SEB detection.

Mechanism Detection limit Linear range Ref
1 ] 1 (Wu et al.
Fluorescence 0.3 pg mL 0.001- 1.0 ng mL 2013)
1 i 1 (Huang et
Fluorescence 0.069 pg mL 0.10-9.0 ng mL al. 2015)
o 1 ] (Yang et
Chemiluminescence 0.01 ng mL al. 2009)
(Schotte
Immunosorbent 0.01ngmL*  0.01-10.0ngmL™ etal.
2002)
) ) 1 ] (Gao et al.
Piezoelectric 0.1 ng mL 2000)
(Nedelkov
-1 and
Mass spectrometry 1.0 ng mL - Nelson
2003)
o (Kientz et
Mass spectrometry 3.0 pmol mL al. 1997)
] (Gupta et
Surface Plasmon Resonance 0.05 fM al. 2010a)
Surface Plasmon Resonance 10.0 ppb 10.0 - 1000.0 ng g™ gggic;oly
] (MEDIN
Surface Plasmon Resonance 2.5 ppb A 2003)
Surface Plasmon Resonance 1.0 ng mL™ 1.0- 40.0 ng mL™ gg/loeéj)ma
_ (Gupta et
Surface Plasmon Resonance 1.0 pM 2.0-32.0 pM al. 2010b)
: 1 ) 1 (Xiong et
Electrochemical 0.17 ng mL 0.5-500.0 ng mL al. 2018)
(Sharma
Electrochemical 10.0ngmL™*  0.1-1000.0ng mL™ etal.
2016)
(Sharma
Electrochemical 1.0 ng mL™* 1.0 ng/mL-1.0 pg/mL et al.
2014)
Electrochemical 024ngmL*  20-512.0ngmL"  (Deng et




Electrochemical

Quartz Crystal Microbalance 2.25 ng/mL

Fluorescent

Electrochemical

1.6 ng/mL

0.21 fM

10.0-35.0fM

0.1-1000 pg/mL

5.0-500.0 fM

al. 2014)
(Tang et
al. 2010)
(Liu et al.
2014)
(Spindel
etal.
2015)
This work




Table 2. Results of the study of (A) the aptasensor function in the simulated real
food samples with three spiked concentrations of SEB and (B) a commercial kit
function on the simulated real food samples for six different spiked concentrations
of SEB.

(A) Aptasensor function in simulated real samples

ified R Relative
Spiked SEB Quantl' 1€ ecovery standard
Sample after spiking percentage o
(fM) o deviation
(fM) (%) (RSD) (%)
10.0 10.2 102.0 3.12
Milk 40.0 39.7 99.2 3.44
500.0 501.9 100.3 4.98
10.0 9.4 94.0 3.31
Meat 40.0 41.1 102.7 4.23
500.0 504.5 100.9 4.18
Human 10.0 9.8 98.0 2.94
serum 40.0 40.9 102.2 5.33
500.0 497.6 99.5 4.45

(B) Commercial ELISA kit function in the real sample study

Reference Detected by Recovery Coefflfment
Sample concentration kit percentage ot
(ng ml-l) (ng ml-l) (%) variation
(CV) (%)
0.16 0.135 84.37 7.4
0.3 0.24 80 14.1
: 0.63 0.50 79.36 7.4
Milk 1.25 111 88.8 72
2.5 2.007 80.28 4.78
5.0 3.89 77.1 6.9
0.16 0.14 87.5 5.71
0.3 0.27 90 3.03
Meat 0.63 0.47 74.6 8.08
1.25 0.97 77.6 5.15
2.5 2.02 80.8 6.93
5.0 3.87 77.4 6.46
0.16 0.13 81.25 6.7
0.3 0.26 86.66 11.3
Human 0.63 0.61 96.82 5.8
serum 1.25 1.18 94.4 7.2
2.5 2.19 87.6 55

5.0 4.56 91.2 6.4




Highlights:

e An electrochemical aptasensor was developed for detection of Staphylococcal

Enterotoxin B (SEB).

Reduced graphene oxide and gold nanourchins were used to modify the electrode surface.
A wide linear range was obtained 5.0-500.0 fM and detection limit of 0.21 fM.





