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Abstract

The work describes a fluorescence-based study for mapping the highest affinity truncated aptamer from the full length sequence and
its integration in a graphene oxide platform for the detection of Salmonella enteriditis. To identify the best truncated sequence,
molecular beacons and a displacement assay design are applied. In the fluorescence displacement assay, the truncated aptamer was
hybridized with fluorescein and quencher-labeled complementary sequences to form a fluorescence/quencher pair. In the presence
of S. enteritidis, the aptamer dissociates from the complementary labeled oligonucleotides and thus, the fluorescein/quencher pair
becomes physically separated. This leads to an increase in fluorescence intensity. One of the truncated aptamers identified has a 2-
fold lower dissociation constant (3.2 nM) compared to its full length aptamer (6.3 nM). The truncated aptamer selected in this
process was used to develop a fluorometric graphene oxide (GO) based assay. If fluorescein-labeled aptamer is adsorbed on GO via
7t stacking interaction, fluorescence is quenched. However, in the presence of target (S. enteriditis), the labeled aptamers is released
from surface to form a stable complex with the bacteria and fluorescence is restored, depending on the quantity of bacteria being
present. The resulting assay has an unsurpassed detection limit of 25 cfu-mL " in the best case. The cross reactivity to Salmonella
typhimurium, Staphylococcus aureus and Escherichia coli is negligible. The assay was applied to analyze doped milk samples for
and gave good recovery. Thus, we believe that the truncated aptamer/graphene oxide platform is a potential tool for the detection of
S. Enteritidis.

Keywords Aptasensor - Analytical assay - Graphene oxide - Salmonella enteritis - Fluorescence assay - Food-borne pathogens -
Pathogen detection - Food safety
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Introduction

Food safety is one of the major concerns for the public health
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in the developed and developing countries [1].
Microorganisms such as bacteria, viruses, fungi and parasites
are considered as foodborne pathogens which can enter into
the human bodies via contaminated foods causing the infec-
tions [2]. Foodborne diseases are caused mainly by bacteria
such as Salmonella enteritis, Salmonella Typhimurium,
Staphylococcus aureus, Listeria monocytogenes,
Campylobacter jejuni, Bacillus cereus and Shiga-toxin pro-
ducing E. coli strains (non-O157 STEC). These infections
can lead to hospitalization and even to death [3]. Sa/monella
Typhimurium and Salmonella enteritis are the most commonly
identified species from the contaminated food. Human salmo-
nellosis is mainly caused by Salmonella enterica subspecies
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enterica serovar Enteritidis (S. Enteritidis). Poultry is the main
reservoir for S. Enteritidis and therefore, eggs and chicken
meats are the main source for S. Enteritidis related human
infections. Salmonella enteritidis infection leads to fever, ab-
dominal cramps and diarrhea after 12 to 72 h of post-infection.
Several methods have been used for the detection of salmo-
nella species including traditional culture method [4], poly-
merase chain reaction (PCR) [5], enzyme-linked immunosor-
bent assay (ELISA) [6] and loop mediated isothermal ampli-
fication (LAMP) [7]. Though the traditional culture method is
the gold standard, it is time consuming, require well-
experienced technicians and expensive. Immunological
methods have been also used. However, they have some dis-
advantages such as the cross reactivity, high production cost,
low stability and the need of pre-processing steps. PCR
methods were also employed for the detection of salmonella
using the bacteria specific primers. Real-time PCR (RT-PCR)
is used for the quantitative pathogen detection using DNA
fluorescent dyes as probes [2, 8]. Sophisticated instruments
such as liquid/gas chromatography coupled with mass spec-
trophotometer have been also used for analysis of the patho-
gens. However, these bulky and expensive instruments cannot
be routinely used for the point-of-care on-site pathogen
detection.

Researchers are showing special interest towards aptamers.
Aptamers are considered as chemical antibodies which can
selected against various analyses for clinical, food and envi-
ronmental applications [9]. Aptamers are short synthetic DNA
or RNA sequences which can specifically capture their
analytes with high affinity (Kg4s in the nanomolar to picomolar
range). Specific aptamers for proteins, metal ions, bacteria,
viruses and small molecules have been selected using
In vitro selection protocol. Aptamers have been widely
exploited in biosensors development showing many advan-
tages over antibodies such as the high stability, low cost, ease
of chemical synthesis and modification. The typical aptamer
usually consists of 40 to 100 nucleotides that can at the favor-
able situations folds to secondary or tertiary structures forming
binding packet to bind to a target molecule and form stable
target-aptamer complex.

Fluorescence-based aptasensors are usually designed to un-
dergo structure switching or conformational changes of the
aptamers upon binding with the target [10]. However, it is
not easy to predict the occurrence of conformation change
within the full length aptamer. Moreover, slicing the non-
binding region of the aptamer favors the formation of stronger
complex with the target [11]. For instance, the affinity of the
truncated aptamer of vascular endothelial growth factor
(VEGF4s) increases by 200 fold compared to the wild type
aptamer [12]. We have also reported 17 fold increment in the
affinity of the truncated anti-progesterone aptamer compared
to the parental aptamer [13]. Therefore, mapping the binding
site within the aptamer sequence represent an important step
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for increasing the affinity and the conformation change of the
aptamer. Graphene oxide (GO) is two dimensional carbon
nanomaterial which showed unique properties due to its elec-
tronic configuration, large surface area and high dispersion
capability in water [14]. These unique properties of GO make
it an ideal material for the development of environment-
friendly and low-cost biosensor platforms [15]. Graphene ox-
ide is a good energy acceptor. Therefore, it has been used as a
sensing platform for the detection of different biomolecules
using on and off fluorescence assays [16, 17]. Graphene
oxide- based aptasensors were reported for the detection of
thrombin and ATP. In these assays, the fluorescence of the
fluorescent aptamer was quenched by the GO and then re-
stored in the presence of the target analyte.

In this paper, we used different fluorescence assays for
selecting the highest affinity truncated aptamer for S. enteritidis.
Then, we report an aptamer-based fluorescence GO analytical
method for the sensitive detection of S. enteritidis.

Experimental
Materials and methods

Salmonella Typhimurium, St (ATCC14028), Salmonella
Enteritidis, Se (ATCC13076), Staphylococcus aureus, Sa
(ATCC6538) and Escherichia coli, Ec (ATCC8739) were pur-
chased from American Type Culture Collection (Manassas,
VA). Phosphate buffered saline (PBS) tablets were purchased
from Sigma-Aldrich. Prior to use, the frozen culture was acti-
vated in trypticase soy broth (TSB, Oxoid, Hampshire, UK) at
37 °C with two consecutive transfers after 18 £20 h incuba-
tion periods. The culture was centrifuged at 10000 X g for
10 min at 4 °C and washed twice with trypticase soy broth.
Cells suspensions were prepared and adjusted by optical den-
sity (OD) at 600 nm to 0.5, that is equivalent to 10% cfumL .
Then, the cells were serially diluted in PBS (pH 7.4).
Graphene oxide dispersion was purchased from Dropsens
Inc. (Asturias, Spain). HPLC purified labeled and unlabeled
oligonucleotides (Table 1) were purchased from Metabion
International (Planegg, Germany). The DNA oligos were dis-
solved in ultra pure Milli-Q water to make the stock solutions
and stored at —20 °C until further use. The DNA solutions
used in the experiments were diluted in binding buffer. The
fluorescein-labelled oligonucleotides were protected from the
light while performing the experiments.

Fluorescence measurements

All the fluorescence measurements for the fluorescein labelled
aptamers, the complementary oligonucleotides and the
aptamer-beacon were performed using Nanodrop ND3300
fluorospectrometer (Thermo Scientific, Canada). The samples
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Table 1 Aptamer sequences used

in this study Name Sequence from 5°to 3’
SE54F Flu-TACCAAAATGTTGGATTGGATGTTGTACTGGGTTGCATAGGTAGTCCAGAAGCC
SE54T GGATTGGATGTTGTACTGGGTTGCATAGG
SES4TF Flu-GGATTGGATGTTGTACTGGGTTGCATAGG
SES4TC1 Flu-ACAACATCCAAT
SE54TC2 ATGCAACCCAGT-BHQI
SE54MB1 Flu-CGGGTTGCATAGGTAGTCCG- BHQ1
SE54MB2 Flu-ACCAAAATGTTGGT-BHQ1

were excited in the blue light (470 + 10 nm) and the emission
was monitored at 515 nm. All the measurements were record-
ed in PBS buffer (pH 7.4) at room temperature in tripcate
unless otherwise mentioned. The fluorescence spectra are
the average of two measurements.

Designing the aptamer sequences

The 54 nucleotide anti- S. Enteritidis aptamer sequence was
chosen from previously published work (Kolovskaya et al.
2013). The truncation of this aptamer was made based on
the mfold software secondary structure. The on and off fluo-
rescence assays of duplex and aptamer beacon have been de-
signed to find out the short sequence binding region of the
aptamer. As shown in Table 1, we used three different designs.
The first design, two aptamer beacons at 5" and 3’ ends
(SES4MBI1 and SES4MB2) of the full length aptamer by the
addition or deletion of few nucleotides either at 5’or 3" end.
The aptamer-beacons are labelled with fluorescein (Flu) and
quencher (BHQ1) at 5’and 3’ends of the stem, respectively.
The second design, is the 29 mer sequence from the middle of
the aptamer which contains part of both apta-beacons
(SE54T). This design was used for the competitive displace-
ment of aptamer complementary sequences (SES4TC1 and
SES54TC2) labeled with fluorescein and the BHQI1 at 5’ and
3" ends, respectively. The fluorescein and quencher become in
close proximity to each other upon hybridization with the
truncated aptamer. The third design is the same 29 mer se-
quence with the fluorescein label (SE54TF) for the GO
experiments.

Determination of the binding affinity of the truncated
aptamer

After selecting the truncated aptamer that contains the
binding region to the target, the dissociation constant
(Ky) of that sequence (SE54T) was determined using fluo-
rescence assay. 10° cfu.mL™'of S. Enteritidis cells were
first incubated in the media overnight. Then washed with
PBS. Different concentrations of fluorescein-labeled
SE54T aptamer solutions in 100 pl PBS were heated to

95 °C for 5 min, cooled to 4 °C for 10 min, kept at room
temperature for 10 min and then incubated with the
adsorbed cell on the wells for 1 h.

Then, the wells were washed with 500 ul PBS for two
times, then suspended in 100 pl PBS and the fluorescence
measurements were recorded. The saturation curve was plot-
ted as the SE54T aptamer concentration versus fluorescence
intensities and the K4 was calculated using non-linear regres-
sion fitting of the curve.

Aptabeacon and competitive fluorescence
displacement assays

For the aptamer-beacons assay, the aptamers were first heated
to 95 °C for 5 min, cool to 4 °C for 10 min and kept at room
temperature for 10 min. Then, increased number of
S. Enteritidis cells were incubated with 100 nM solutions of
aptamer beacon and the fluorescence intensity of each sample
was recorded. In the competitive fluorescence displacement
assay, a mixture of 500 nM solutions of each truncated DNA
aptamer and equal concentrations of their 5’fluorescein-la-
belled and 3° BHQI1 labelled complementary sequences in
PBS were kept at 90 °C water bath and then cooled slowly
to room temperature for 3 h. The slow cooling processes make
the perfect duplex and bring the fluorescein-BHQ1 pair at the
closest distance possible. 100 nM of hybridized duplex were
incubated with different concentrations of S. Enteritidis rang-
ing from 107 to 107 cfu-mL™" for 30 min. The fluorescence
intensity of each sample was recorded. The specificity of the
sequence SES4T sequence was tested by incubating the du-
plex with 10* cfumL™ of similar bacteria associated with
S. Enteritidis such as S. Typhimurium, Staph. Aureus and E
Coli.

Graphene oxide/aptamer-based analytical platform

The concentration of the aptamer was optimized in order
to get a significant fluorescence intensity to 25 nM (data
not shown that was fixed in the subsequent experiments.
For the GO concentration optimization, 25 nM of aptamer
was titrated against different GO solutions with
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concentrations ranging from 0 to 50 pwg.mL™'. The
aptamer solutions were incubated at room temperature
with the GO to ensure maximum adsorption on the GO
surface. For the detection experiments, different concen-
trations (from 10% to 107) of S. enteritidis in phosphate
buffered saline were incubated with the optimized GO/
aptamer mixture (20 pg.mL™' of GO and 25 nM of
aptamer) for 30 min at room temperature and the fluores-
cence spectrum was recorded for each sample. The selec-
tivity of the GO/aptamer platform was tested by incubat-
ing it with 10* cfu.mL™" of different bacterial cells asso-
ciated with S. Enteritidis such S. Typhimurium, Staph.
Aureus and E Coli.

Results and discussion

Generally, the DNA library sequences used for the SELEX
screen should have certain length (between 40 and 100 nucle-
otides) in order to increase its diversity and maximize the
probability of selecting high affinity aptamers for the target.
However, not all the nucleotides in the aptamer are usually
involved in the critical binding with the target molecules. In
most cases, the parts of the aptamer sequence which forms
stem-loop structure, G-quartet, bulges and/or pseudoknots
are involved in the direct binding with the target molecules
[18-20]. Some extra nucleotides can be essential for
supporting the contact between the target molecule and the
aptamer. However, the rest of the aptamer sequence which is
not involved in the binding can destabilizing the aptamer-
target complexes [21]. Moreover, long aptamers are not usu-
ally compatible with biosensors which works based on con-
formation change. Therefore, post SELEX modification of
aptamer is needed for the development of sensitive biosensors
[22]. Kolovskaya el al. [23] have selected high affinity and
specificity aptamers for S. Enteritidis using in vitro selection
from a pool of 2 x 10" DNA sequences. The Ky of the full
length aptamers were consisting of 80 nucleotides including
the primer-binding sites at 3’and 5’ ends was 80 nM.
Howeyver, after elimination of 25 nucleotides from 5’end in-
cluding the primer binding site, the remaining sequence which
consists of 54 nucleotides has shown improved affinity with a
kq of 6.3 nM. The anti-bacterial activity of the shorter aptamer
was increased to 42% compared to the full length aptamer
(9%) [23]. In this study, we aim to do further truncation in
order to improve the affinity and exploit the shorter sequence
in a GO fluorescence-based assay for the detection of
S. Enteritidis.

Selection of the highest affinity truncated aptamer

The secondary structure obtained from the mfold software
of the full length aptamer is shown in Fig. la. In order to
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find out the short aptamer sequence that contains the
binding domain to the target, we split the SE5S4 aptamer
into three different parts. Two stem-loop structures
(SE54MB1 and SE54MB2) from both ends and a truncat-
ed part from the middle region were investigated in this
study. For the stem-loop design, we added or modified
few nucleotides in the stem region to make the perfect
stem. Then, the two ends of the stem were labelled with
fluorescein and BHQ!1 to form aptamer beacon. The
aptamer-beacon, SE5S4MBI1 consist of 16 nts (3—18) from
the 5’region of the full aptamer SES4and SE54MB2 is
22mer (27-48) from 3'region of SES4. Out of 22 nucleo-
tides of the aptamer SES4MB2, 15 nucleotides represent
the constant primer binding site. No significant change in
the fluorescence intensity of both SE54MB1 and
SE54MB2 after incubation with S. Enteritidis bacteria
was observed (data not shown). These results indicate that
both SE5S4MB1 and SE54MB2 parts did not undergo a
conformation change that can interrupt the fluorescein-
quencher pair in the presence of S. Enferitidis. In other
words, we concluded from this experiment that the nucle-
otides for SE54MB1 and SE54MB2 parts were not
enough for target binding and some other nucleotides
from the middle part are essential for the binding. In fact,
it is expected that the constant region of the aptamer
(primer-binding region) does not contribute to the binding
properties of the aptamer or has minimal involvement
compared to the overall structure of the aptamer.

After we figured out that the two hairpins at both ends of
the aptamers did not bind to the target, we then investigated
the sequence taken from the middle (SE54T). As shown in
Fig. S1, Two short complementary sequences of the SES4T
aptamer forming fluorescein and quencher pair were used as
reporters for the target binding to the aptamer. The reporting
complementary sequences were hybridized to SE54T to form
DNA duplex. The design was done in such a way for the
fluorescein and the quencher to be in close proximity to each
other when the duplex is formed. Upon addition of the target
molecule, the aptamer binds to the target and changes its con-
formation leading to complete or partial displacement of either
one or both complementary sequences. These changes lead to
physical separation of fluorescein and BHQ1 which can be
detected via the increase in the fluorescence intensity.
Figure 2 shows the fluorescence spectra of fluorescein la-
belled complementary sequence (Fig. 2a, black), after duplex
formation (blue) and the fluorescence recovery after
S. Enteritidis binding (red). When equal concentration of
SES4T and the reporter sequences SE54C1 and SE54C2 are
duplexed, 75% of the fluorescence intensity was quenched
compared to the free fluorescein labelled SE54Cl1, indicating
the perfect duplex formation. The decrease in the fluorescence
intensity reveals that the fluorescein and the BHQI are in
close contact to each other as required in the fluorescence
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Fig. 1 The secondary structure prediction of the full length aptamer
sequence (SE54) and the truncated aptamer SE54T using mfold
software. The blue and green scissors shows the truncation of stem and

displacement assay. As shown in Fig. 2b, the fluorescence
intensity increased drastically by the addition of
S. Enteritidis cells, implying that the fluorescein and the
BHQ1 were separated due to either dissociation of one or both
complementary sequences. We calculated the limit of detec-
tion (LOD) from this assay to be 30cfumL'. These results

loop molecular beacon at 5’ (position 3 to 18) and 3’ (position 27 to 48)
ends of the parental aptamer. The black scissors shows the truncation of
the middle part of the aptamer (position 12 to 40)

indicate that the SE54T is involved in the S. Enteritidis bind-
ing. It was also found that this truncated part, SE54T has a
stem-loop secondary structure as shown in Fig. 1b which
might form the binding pocket for the S. Enteritidis surface
protein. We also investigated the specificity of this truncated
aptamer against Salmonella Typhimurium, Staphylococcus
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Fig. 2 a The fluorescence spectra of SES4C1 (black) and after forming the
duplex (blue), and then after incubation with the S. Enteritidis (red). b
Calibration curve, a plot of the change in the fluorescence intensity versus
logarthim of the S. Enteritidis concentration. ¢ The displacement assay

response against 107 cfu.mL™" of S. Enteritidis, Salmonella Typhimurium,
Staphylococcus aureus and Escherichia coli. The samples were excited at

470+ 10 nm and the emission intensity 515 nm was used for the plots. The

error bars represent the standard deviation of 3 measurements
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aureus and Escherichia coli and the results have shown high
specificity (Fig. 2¢). Therefore, we selected this truncated part
for our GO platform to develop a fluorescence-based analyt-
ical assay.

Determination of the dissociation constant of SE54T
aptamer

As shown from the displacement assay, the 29 mer truncated
aptamer, SE54T (12-40) is involved in the S. Enteritidis bind-
ing and likely undergoes conformational change upon target
binding. We further proceeded to calculate the binding affinity
of SE54T to the S. Enteritidis. The percentage increase in the
fluorescence intensity with increasing concentration of
S. Enteritidis cells was plotted (Fig. S2). The saturation curve
obtained was used to calculate the K4 of the SE54T-SE com-
plex by non-linear regression fitting. The Ky value was found
to be 3 nM, which is two times higher affinity towards S.
Enteritidis compared to the original SE54 aptamer (K4 of
6.3 nM), confirming that the truncated aptamer makes more
stable complex with S. Enteritidis.

Graphene oxide-based aptamer assay

Since the truncated aptamer SE5S4T has shown conforma-
tional change after binding to S. Enferitidis as well as
high affinity compared with the full apatmer sequence,
we have chosen it for the GO assay. As shown in
Scheme 1. the GO assay was based on simple fluores-
cence on/off strategy. The fluorescein labeled aptamers
were adsorbed on the surface of GO by 7 stacking

interactions. This adsorption leads to complete quenching
of the fluorescence due to fluorescence resonance energy
transfer (FRET) from the fluorescein to GO in the absence
of target. However, in the presence of target molecule, the
specific aptamer binds to its target and dissociate from the
GO surface due to the conformational change of the
aptamer. This leads to a rapid increase in the fluorescence
intensity.

Optimization of the graphene oxide/ aptamer ratio

With the aim to optimize the concentration of GO which gives
the maximum quenching efficiency of the fluorescence, dif-
ferent GO concentrations were initially investigated. The op-
timization experiments were performed for the full aptamer
sequence SE54 and the selected truncated sequence SE54T.
As shown in Fig. 3a and b, in the absence of GO, a strong
fluorescence peak of the fluorescein labelled aptamers were
observed (red curves). Addition of increasing concentrations
of GO solutions ranging from 0 to 50 ug.mL™" to the fluores-
cence aptamers lead to significant quenching of the fluores-
cence (more than 90% when the GO concentration reached
20 pg.mL™"). No further decrease in the fluorescence by
adding higher GO concentration is observed as shown in
Fig. 3c. Plot of fluorescence intensity ratio against concentra-
tion of GO shows liner relationship from 0 to 20 pg.mL "'
(Figs. S3, S4). This indicates an ideal off state (low back-
ground signal). Therefore, the ratio of GO to SE54 or
SES54T was selected to be 20 pug.mL™" GO for 25 nM aptamer
as optimum conditions for further experiments.
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N

Scheme 1 Schematic diagram represents the working principle of the graphene oxide aptamer assay
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Dose response of the graphene oxide aptamer assays

The optimized GO/aptamer ratio has been then used for the
sensing experiment. We compared the behavior of the full
aptamer sequence with the truncated aptamer. As shown in
Fig. 4a and d, the off state of fluorecein-aptamer/GO complex
was turned on by the addition of the S. Enteritidis. The fluo-
rescence intensity gradually increased with increasing the
number of cells from 107 to 107 cfu.mL™. In order to deter-
mine LOD of the two aptamer-based assays, we plotted the
calibration curves as the logarithm of the number S. Enteritidis

600 650 700 750
Wavelength, nm GO (ug/ml)

were recorded by exciting at 470+ 10 nm and the emission intensity
515 nm was used for the plots. The error bars represent the standard
deviation of 3 measurements

cells vs % change in the fluorescence intensity (Fig. 4b and e).
Linear relationship was observed for the two assays with LOD
of 38 and 25 cfumL™' for the full length SE54 and SES54T,
respectively. The LOD was calculated from 3STD/m,
where STD is the standard deviation of the aptasensor
probe when no analyte was added and m is the slope of
the straight line.These results indicate that the truncated
sequence gave better sensitivity compared with the full
aptamer sequence. Moreover, the LOD of the truncated
aptamer is almost two-fold less than the previously report-
ed sensor fabricated with the full length aptamer. This is
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Fig. 4 The fluorescence spectra of SE5S4F/GO platform (a) and SES4TE/
GO platform (d) after incubation with different concentration of
S. Enteritidis (a: blank, b:107, ¢: 10°, d: 10%, e: 10°, £:10°, g: 107
cfumL. b and e are the calibration plots of SE54F/GO and SE54TF/
GO assays, respectively. ¢ and f are the selectivity studies for both GO

aptamer assays against 107 cfu.mL™' SA, E. coli and ST. The fluorescence
spectra were recorded by exciting at 470+ 10 nm and the emission
intensity 515 nm was used for the plots. The error bars represent the
standard deviation of 3 measurements
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Table 2 Comparison of

Salmonella. Enteritidis detection Materials used Method Detection limit (cfu.mL™") Reference

methods
Cell-phage display Fluorescence Imaging 10 [24]
Aptamer Fluorescence 1x10° [25]
Truncated aptamer Fluorescence 25 This work
Antibody ELISA 1.7 % 10° [26]
Antibody SERS 23x10° [27]
Aptamer Fluorescence 3x10? [28]
Aptamer SPR 60 [29]
Aptamer Electrochemical 25 [30]
Antibody Electrochemical 89 [31]
Antibody Electrochemical 3x10° [32]
Aptamer Colorimetric 11 [33]

attributed to the improved affinity of the aptamer by re-
moving the non-essential nucleotides from the parent
aptamer which can cause steric hindrance and decrease
the affinity to the target. Various detection methods used
for the detection of salmonella has been compared in
Table 2. It is clear that our method showed higher sensi-
tivity than most of the reported methods [24-32]. Wu
et al. [33] have reported a LOD of 11 cfumL™ using a
colourimetric aptasensor which was little below our LOD
(25 cfu.mL'l). However, this method requires several
steps for the synthesis of ZnFe,0,4/rGO nanostructures
as well as several reagents such as TMB and hydrogen
peroxide to generate the color which in turn increases the
time and the cost of the assay. Thus, our method is much
lower in cost, less reagents and simpler.

Selectivity of the graphene oxide aptamer- based assay

The selective binding of SE54TF and SES54F aptamer
assays to the S. Enferitidis cells was investigated by test-
ing the platforms against other related bacteria such as
ST, E.coli and SA. No considerable increase in the fluo-
rescence intensity was obtained by these pathogens ex-
cept ST compared to the response caused by the
S. Enteritidis as can be seen in Fig. 4c and f. The cross
reactivity with S. Enteritidis (25% increase in the fluores-
cence intensity) can be due to the similar structure of
both species from the same family. Therefore, we believe
that the GO-based fluorescence aptamer assay represents
sensitive and selective platform for the detection of
S. Enteritidis. Moreover, this method has several advan-
tages over the other reported methods for the detection of
S. Enteritidis such as SPR [34], electrochemical
immunosensors [35] and gold nanoparticle-based DNA
sensor [36] in terms of sensitivity, simplicity, capability
of high throughput screening and multiplexing by intro-
ducing different fluorescent tags.
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Testing of the SE aptamer-based platform in spiked milk
samples

The response of the SES4T platform was tested for the detec-
tion of S. Enteritidis from the real samples. In order to do that,
we spiked 1000, 5000 and 10,000 cfumL™ of S. Enteritidis in
50% milk. The recovery percentages for each sample were
tabulated in Table S1. These results show the good recovery
percentages of S. Enteritidis and indicate minimal interference
from the milk matrix. This confirms the possible applicability
of the new assay for the detection of S. Enteritidis in real
samples.

Conclusions

In this work, we have performed a mapping study to identify a
shorter aptamer sequence which binds with high affinity to
S. Enteritidis. Reducing the length of the aptamer by eliminat-
ing the non-binding region have doubled the binding affinity.
The truncated aptamer was then exploited in a GO-based com-
petitive displacement fluorescence assay for the detection of
S. Enteritidis. The new analytical platform based on the trun-
cated aptamer showed a LOD of 25 cfu.mL™" which was two
times lower than the platform fabricated using the full se-
quence. Moreover, the GO/aptamer- based method showed
high selectivity against other related bacteria such as
Salmonella Typhimurium, Staphylococcus aureus and
Escherichia coli. Our results suggest that the elimination of
non-binding region of the original aptamer by truncation leads
to improvement of the binding affinity and consequently, less
LOD for the sensor. Good recovery percentages of
S. Enteritidis were obtained from spiked milk samples using
this assay. The light scattering at very high concentration of
bacteria is challenging. However, this can be managed by
diluting the sample. This assay is easy to use, has the capabil-
ity of high throughput screening and can be multiplexed to
detect other pathogens.
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