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The aptamers are the leading class of binding molecules, which can bind with different kind of targets like ions, toxin, allergens,
proteins, bacteria, virus, and even parasites. But the binding mechanism of aptamers with the targets isn’t well explored. In
this study, we used our selected aptamers (M1) to recognize the binding mechanism and binding sites of the aptamers. The
aptamer was labeled with FAM and Y. enterocolitica cells were harvested at different growth stages, after washing the aptamer
was incubated with bacterial cells, and its attachment with pathogen was confirmed by confocal microscopy. During analysis,
the aptamers produced green light on the surface of cells which confirms their attachment with bacterial cells. The Y.
enterocolitica cells have different morphological features when grown at different temperatures (26 oC and 37 oC). After the
growth, the cells were harvested, washed and incubated with the aptamer M1. The results shown, fluoresce intensity was
significantly reduced at 37 oC due to different morphology of bacterial cells. Furthermore, cells were subjected to different
treatments of enzymes (Proteinase K and Trypsin), chelating agent (ETDA), and surfactant (Triton X-100) to unveil the binding
sites. The result of enzymatic treatment didn’t show any significant reduction in signals. But the chelating agent (ETDA) and
surfactant triton X-100 treatment significantly reduced the fluorescence intensities, which showed that the binding sites of the
aptamers were not the cell surface proteins but the lipopolysaccharides present on the outer membrane of the Y. enterocolitica.
This finding reveals the mechanism by which our aptamer binds to the target, which can be applied in the detection field.
INTRODUCTION
An aptamer is a short single-stranded DNA (ssDNA) or RNA
sequence selected by systematic evolution of ligands by an
exponential enrichment (SELEX), which was initially
introduced by the groups of Ellington and Tuerk (Ellington
and Szostak 1990; Tuerk and Gold 1990). Aptamers can be
selected for a variety of targets from small molecules to whole
organisms, including ions, (Ali, Elsherbiny, and Emara 2019;
Agrawal and Gait 2019) toxins (Ka L Hong et al., 2015;
Morita and Fujiwara 2018) and pathogens (Majdinasab,
Hayat and Marty 2018; Teng et al., 2016; Mukama et al.,
2017) related to food safety. Aptamers show the following
significant advantages compared with antibodies: rapid and
efficient recognition, economical and facile preparation, a
wide range of targets, and stability during storage and
functionalization with flexibility. Owing to their excellent
characteristics with high sensitivity and high specificity,
aptamers can be used as recognition elements in many fields
of detection systems.

Various antigen recognition molecules such antibodies
remain the gold standard because of their binding to specific
binding sites (Baird 2010; K L Hong and Sooter 2015).
Although many reports predicted that aptamers forms 3dimensional structure upon interaction with the targets
(McCauley, Hamaguchi, and Stanton 2003). Nucleic acid
aptamers have a number of advantages compared to
antibodies, including greater ease of production and increased
thermal stability. Unlike proteins, nucleic acids are thermal
stable because they do not possess large surfaces composed
of aliphatic side chains (Otzen 2011). However, interaction or
bonding between aptamer and target is still elusive.
Moreover, applying a reported aptamer to a new application
is challenging and requires significant optimization
(McKeague et al., 2015). And, numerous other problems
associated with selection and application of aptamers in a
complex biological system remains unsolved. Thus, aptamers
have still not reached their full potential over antibodies due
to the absence of a standardized method for binding
mechanism characterization.
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Besides, that EDTA is a commonly used chelating agent in
molecular biology, because it is a very effective chelator of
metal divalent cation (Mg+, Mn+, Co+, Zn+, Pb+, Cu+, Ca+,
Fe+) and potentially develops inhibitory activity on metal
cation dependent enzymes. A chelating agent is a (usually
organic) molecule that can form many bonds to a single metal
ion. Chelation stabilizes the metal ion by preventing it from
chemically reacting with any other substance. During our
experiment this information provides us bases to identify the
binding sites and nature of bonding as well.
Lipopolysaccharide (LPS) is another major component of the
outer membrane of Gram‐negative bacteria. The aptamers
against the LPS has also been reported, where the LPS were
considered as target for aptamers selection (Hua et al., 2017).
However, these LPS can be removed from the bacterial cell
surface by treating cells with EDTA (Goldberg et al., 1983;
Joshi et al., 2009). Moreover, Detergents are a class of
molecules whose unique properties enable manipulation
(disruption or formation) of hydrophobic–hydrophilic
interactions among molecules in biological samples.
Nonionic detergent Triton X-100, as one of the most popular
surfactants used in bioremediation techniques, has been
reported as an effective agent to enhance the biodegradation
of hydrocarbons (Komatsuzawa et al., 1994). It can remove
all cytoplasmic membrane contamination but cannot affect
the normal morphology of the cell wall. Triton-treated
preparation, termed the “Triton-insoluble cell wall,”
contained all of the protein of the cell wall but only about half
of the lipopolysaccharide and one-third of the phospholipid of
the cell wall. This Triton-insoluble cell wall preparation was
used as a starting material in an investigation of several
further treatments. In order to study the binding sites we also
treated our samples with the triton X-100, we did further
research on the interaction of the aptamers with Yersinia
enterocolitica cells.
Aptamer affinity depends on physicochemical conditions
(pH, ionic strength) as well. In many reports it is mentioned
that aptamer forms 3-dimensional structure upon interaction
with the target However, it’s not known whether these
aptamers have similar or different binding properties.
Additionally, if their binding affinity of aptamer depends on
ionic strength and electrolyte pH, it shows that the interaction
between aptamers and target is ionic which can easily by
changing the ionic strength or by increasing or decreasing the
pH (Hianik et al., 2007).
This study aims to elucidate the above mentioned challenges
by uncovering an aptamer binding site on the Y. enterocolitica
from its cell wall network of lipid, protein and hydrocarbons.
Many detection methods such as virulent genes based PCR,
ELISA were developed to targeting these Y. enterocolitica
proteins (Shoaib et al., 2019). Among these proteins, include
adhesive proteins, which help the bacteria attach to its host
and to express other pathogenic compounds. Herein, we
applied for the first time the selected aptamer to identify its

binding site (s) and mechanism. For this purpose, we
performed fluorescence confocal microscopy to visualize the
FAM-aptamer and bacterial cells complexes. Then, for the
first time we demonstrated the aptamer binding mechanism,
and binding sites identification. To denature the surface
proteins of Y. enterocolitica and any nuclease in the system,
we treated the Y. enterocolitica cells with protein digestion
enzymes (Protease K and trypsin). Furthermore, to explore
the aptamer binding sites on the target cells, we incubated the
bacterial cells with the surfactant to remove the membrane
lipopolysaccharides binding sites from the cell surface
(Peterson, Jahnke, and Heemstra 2015). In a study, we
showed that aptamers can maintain their secondary structure
and substrate binding capability in the presence of neutral and
anionic surfactants and that the presence of surfactant can be
used to modulate the substrate binding preference to favor
more hydrophilic ligands. The demonstrated ability of
aptamers to function in the presence of surfactants is
anticipated to expand their scope of potential applications.
Additionally, the ability to modulate the substrate binding
preferences of aptamers using a simple additive provides a
novel route to increasing their selectivity in analytical
applications, thus, providing theoretical guidance for the
design, screening, application and performance evaluation of
potential aptamers.
MATERIALS AND METHODS
Bacterial strains and culture media: Y. enterocolitica was
purchased from China Center of Industrial Culture Collection
(CICC). The target was cultured on nutrient broth medium (5
g NaCl, 3 g beef extract and 5 g peptone and 15 g agar per
1000 mL at pH 7.2-7.4) at 26 oC and harvested at different
OD values (0.3, 0.6, and 0.9). The liquid cultures were shaken
at 26 oC on 120 rpm and then cells were harvested then
washed with 1× aptamer binding buffer (BB) buffer to remove
the media contents.
Reagent and apparatus: All chemicals for buffer preparation
and solutions were purchased from Sino-pharm Chemical
Reagent Co., Ltd. (Shanghai, China). Bacteria were washed
before and after incubation using 1 x binding buffer (1 x BB,
50 mmol/L Tris-HCl (pH 7.4), 5 mmol/L KCl, 100 mmol/L
NaCl, and 1 mmol/L MgCl2). The buffer used for selection
was prepared by adding an excess of mobile tRNA (purchased
from Sigma-Aldrich) and BSA (1mg/mL) in the binding
buffer to reduce background binding. 1 x TE buffer (10
mmol/L Tris-HCl and 1 mmol/L EDTA, pH 7.4) was used to
dissolve the aptamer. All buffers were sterilized in case of
contamination. Cytometry and focal fluorescence microscopy
(ZEISS, LSM 510 META) was performed at the facilities
available at the State Key Laboratory at Jiangnan Wuxi
University, Jiangsu, China.
Confocal imaging: The bacteria bound with aptamers were
analyzed by confocal microscopy. The aptamer M1 (100 nM)
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was FAM-labeled and incubated with Y. enterocolitica at 26
o
C for 1 h in 500 mL of 1×BB buffer, and then centrifuged to
discard the unbound aptamers. The aptamer-bacterium
complexes were centrifuged at 5000 rpm for 5 minutes and
washed with 1×BB buffer thrice. The obtained aptamerbacterium complex was resuspended in 1×BB buffer. Then,
one drop of sample complex was spread, gel-sealed and then
observed under the confocal microscope with in a dark room
to avoid the photo bleaching of the FAM-labelled aptamers.
Imaging of the bacterium was performed with a microscope
under 488 and 520 nm excitation emission spectra,
respectively (Kim et al., 2013).
Morphology binding analysis: The morphological
characteristic and pathogenicity of the Y. enterocolitica
highly depends on its growth temperature. Y. enterocolitica
have flagellum and motile when grown at lower temperature
26 oC, but non-motile (don’t have flagellum) when grown at
higher temperature 37 oC. Besides that, it is highly responsive
to the growth temperature, and the rise in growth temperature
induces more expression of the virulence factors and multiple
changes in the morphology of the bacterial cells. Y.
enterocolitica produces more proteins like Invasin at 26 oC
and poorly at 37 oC, which binds with β1-integrin (Bohn et
al., 2019) and helps the bacterial cell to attach with an
epithelial layer of the host (Bottone 2018, 2015). As shown in
Fig. 1.

0.3, 0.6, 0.9), mixed with 150 nM of the aptamer, and
incubated at 26 oC.
Enzymatic treatment of Y. enterocolitica: To study the
binding mechanism and identification of aptamer binding
sites, the bacterial cells harvested at different growth stages
(OD600 0.3, 0.6, and 0.9) were washed thrice with 1× BB and
centrifuged at 5000 rpm for 5 min. The pellets were incubated
at 26 °C with 1 mL of trypsin (0.25%) and proteinase K (0.1
mg/mL) for 10 and 30 min, respectively as previously
reported with slight modifications (Shangguan et al., 2006;
Chen et al., 2007; Zou et al., 2018). After incubation, the
mixture was centrifuged and washed to remove excess
enzyme, and the treated bacteria were incubated with 150 nM
FAM-labeled aptamer (M1) for further flow-cytometric
analysis.
Effect of EDTA treatment on the aptamer binding with Y.
enterocolitica: The EDTA solution (5mM) was prepared in
the 1×BB buffer. The washed bacterial cell pellets were
incubated with EDTA solution at 26 °C for 5 min, and the
incubation was terminated by addition of MgCl2. Then, the
cells were washed at 5000 rmp for 5 min with 1×BB buffer
and incubated with 150 nM FAM-Labeled Aptamer (M1) for
1 h. Later on, the samples were subjected to the flow
cytometric analysis (Leive 1965; Zou et al., 2018).
Effect of Triton X-100 on the aptamer binding with Y.
enterocolitica: Furthermore, to explore the binding
mechanisms, Y. enterocolitica cells cocktail of different
stages (OD600 0.3, 0.6, and 0.9) were treated with 5 mM Triton
X-100 for 5 min at 26 °C according to (Peterson, Jahnke, and
Heemstra 2015). The bacteria were harvested, centrifuged at
5000 rpm for 5 min, and then incubated with 100 nM FAMlabeled aptamer (M1) for further flow-cytometric analysis.
RESULTS & DISCUSSION
Confocal microscopy: The binding of the aptamer (M1) to Y.
enterocolitica was confirmed by fluorescence confocal
microscopy. As shown in Figure 2, the FAM-labeled aptamer
(M1) was successfully attached on the surface of Y.
enterocolitica cells and produced an observable green light,
depicting the aptamer-cells complex binding.
Cell morphology and aptamer binding: Typically, it’s
considered that the whole cell-SELEX can be performed
without any prior knowledge about the target for aptamers
screening. Till now, many studies have reported cell-SELEX
without considering cell morphology and other related
attributes. According to the current investigation, we tried to
evaluate the importance and how much the above information
can affect the selection, binding, and development of
detection system. For that, we utilized the Y. enterocolitica
cells response against the lower and higher growth
temperature, which regulates its virulence factors expression
and morphological characteristics. The variation in growth
temperature enhances the expression of the LPS’s O-

Figure 1. Cell morphology of the Y. enterocolitica when
grown at different temperatures (Uliczka et al.,
2011).
Therefore, the morphological characteristic of the cells can be
profoundly changed by changing the growth temperature.
Therefore, to evaluate the binding of the aptamer at different
growth conditions, we analyzed the selected aptamer binding
to Y. enterocolitica cells at different temperature (26 oC, 37
o
C). The grown cells (108 CFU/mL) were harvested (OD600
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Figure 2. Fluorescence microscopy images of aptamer (M1) binding to Y. enterocolitica. Bacterial cells incubated
with 150 nM FAM-labeled aptamer.

Figure 3. Aptamer binding with Y. enterocolitica cells having different morphological features by flow cytometry
(top: motile, bottom: non-motile). The bacterial cells were grown at 26 oC and 37 oC.
polysaccharide (OPS), which may or may not be the new
binding sites for aptamer binding. This analysis will help us
to recognize the binding site of aptamer. The flow cytometric
analysis revealed that the growth temperature of the Y.
enterocolitica changed the morphological characteristics of
the cell, causing the aptamers to lose their affinity towards the
target (Figure 3). The aptamer M1 showed less binding, when

incubated with the cells grown at a higher temperature. So,
we predicted that the binding ability of the aptamer could have
decreased significantly due to the expression of new
molecules and morphology of the target cell.
Trypsin and proteinase K treatment: The above analysis
didn’t help us to figure out the exact binding sites. Therefore,
we performed further analyses. We wondered to treat the
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bacterial cells with proteinase K and trypsin to denature the
bacterial surface proteins which could be the preferential
binding sites of the aptamer. After treatment cells were
incubated with aptamer, and the samples were analyzed by
flow cytometry. The analysis didn’t show significant
reduction in fluorescence signal, which means that the
aptamer wasn’t attached to the bacterial surface proteins
(Figure 4). There was no observable signal change when the
samples were treated by proteinase K and trypsin up to 30
minutes as compared to the untreated samples. This result
suggested that the aptamers are attached to other cell wall
components.

Effect of EDTA, triton X-100 treatment on the aptamer
binding: LPS are the major component of the bacterial cell
wall. In order to explore the aptamer attachment to the LPS,
Y. enterocolitica cells were treated with EDTA and Triton X100. These treatments can release LPS, leading to the
reduction of the LPSs on the cell membrane (Leive 1965;
Schnaitman 1971)(Alakomi 2007). As shown in Figure 5, the
fluorescent signal was significantly reduced as compared to
the untreated sample, depicting that aptamers (M1) mainly
attached to LPS of bacterial cell wall.
Conclusion: This work demonstrated the aptamer-target
visualization, binding mechanism and identification. The

Figure 4. Shows the affinity of the FAM-labeled aptamer (M1) with proteinase K and trypsin treated Y. enterocolitica
cells. (A) C1= Control Y. enterocolitica cells, C1= Y. enterocolitica cells incubated with 150 nM FAM-labeled
aptamer (M1), 10 minutes = Y. enterocolitica cells treated with trypsin (0.25 %) for 10 minutes and
incubated with FAM-labeled aptamer (M1), 30 minutes = Y. enterocolitica cells treated with trypsin (0.25
%) for 30 minutes and incubated with FAM-labeled aptamer (M1), (B) C1= Control Y. enterocolitica cells,
C2 = Y. enterocolitica cells incubated with 150 nM FAM-labeled aptamer (M1), 10 minutes = Y.
enterocolitica cells treated with 0.1mg/mL proteinase for 10 minutes and incubated with FAM-labeled
aptamer (M1), 30 minutes = Y. enterocolitica cells treated with 0.1mg/mL proteinase for 30 minutes and
incubated with FAM-labeled aptamer (M1)
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Figure 5. Shows the affinity of the FAM-labeled aptamers (M1) with EDTA and Triton X-100 treated Yersinia
enterocolitica cells. (C1= Control Y. enterocolitica cells, C1= Y. enterocolitica cells incubated with 150 nM
FAM-labeled aptamer (M1), EDTA = Y. enterocolitica cells treated with 5 mM Triton X-100 and incubated
with FAM-labeled aptamer (M1), C1= Control Y. enterocolitica cells, C2 = Y. enterocolitica cells incubated
with 150 nM FAM-labeled aptamer (M1), Triton X-100 = Y. enterocolitica cells treated with 5 mM EDTA
and incubated with FAM-labeled aptamer (M1)
confocal microscopy analysis confirmed the aptamer binding
to Y. enterocolitica cell surfaces. Different target cell
pretreatment with trypsin, proteinase K, EDTA and triton X100 confirmed that the binding site of the aptamer M1 on the
Y. enterocolitica was LPS dependent but not based on the cell
surface proteins. We anticipate though, other membrane
components may be involved in the 3-dimensional binding of
the aptamer on the target. With this information in hand, we
hope that this finding can pave the way to future aptamer
technologies aptamer design, experimental conditions, and
methodology for selection. Taken together, the aptamers
could be used to achieve the better analytical sensitivity for
the development of novel Y. enterocolitica detection assays.

They can also be used in capture methods for pre-analytical
sample processing purposes.
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