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Abstract We report on a rapid method for the detection of
Salmonella O8. It does not require an enrichment step but
rather uses an aptamer as a probe that was selected by
system evolution of ligands by exponential enrichment
(SELEX) assay. Firstly, aptamer against Salmonella O8
was selected from a 78 bp random DNA library that was
prepared in-vitro. The binding ability of the aptamers to
target bacterium was examined by aptamer-linked immobi-
lized sorbent assay. A high affinity aptamer was successfully
selected from the initial random DNA pool, and its second-
ary structure was also investigated. Next, this high affinity
aptamer B10 was used to recognize Salmonella O8 via
fluorescence microscopy. The selected aptamer has a high
specificity and high affinity against its target. We believe
that the resulting fluorescence in-situ labeling assay is a
potentially useful alternative in rapid screening and detec-
tion of foodborne pathogens.
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Introduction

Food borne pathogen contaminations are worldwide prob-
lems and have induced serious food safety issues including
the toxic cucumber in German and contaminated eggs in
America. Salmonellae are one of the most important food
borne pathogens leading to millions cases of enteric dis-
eases, hospitalizations and deaths annually. The majority of
infections are associated with ingestion of bacterium con-
taminated plant or animal origin foods. In 2010, the Salmo-
nella contamination of eggs and tropical fruits in California
(USA) had induced more than 200 people infections. Under
these conditions, rapid and accurate identification of Salmo-
nella subspecies is of great importance for preventing and
monitoring of enteric diseases caused by Salmonella. Nu-
merous new methods such as PCR-based techniques, immu-
nology techniques, metabology techniques and protein
fingerprint techniques have been developed for bacterium
detection [1, 2]. However, all these food borne pathogens
detection methods generally go through several steps in-
cluding (a) colony isolation on selective media, (b) use of
biochemical tests and (c) serotyping using antibodies
against specific bacterial antigens, which greatly increase
the assay time and cost. In certain cases, the identity of a
particular bacterium would take several days [3], which
could not meet the current requirements of rapid detections.
New detection method using piezoelectric method has been
reported and realize the detection in 5 h, which is still a
comparable long time and not suitable for on-site detection
[4]. Following, research about using laser-induced fluores-
cence microchip electrophoresis for bacterium detection has
been reported, which could achieve the specific detection in
less than 150 s [5]. However, the specific microchip and
setup are needed for the detection, disturbing the widely
application of this method. Therefore, development of new
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approaches for specific bacterium detections with high ac-
curacy, speed and simplicity is of great importance in dif-
ferent fields especially for food safety detections [6, 7].
Herein, in this research, the Salmonella O8 was adopted as
the model for detections.

As we all know that some traditional rapid detection
methods are based on the immunoreactions between anti-
body and antigen. However, the preparation of antibody is a
long term work and the restore and application conditions of
antibody are very strict. Comparatively, nucleic acid probes
have attracted many attentions for its easy-preparation and
stability. Aptamer is one kind of specific nucleic acid
probes. Usually aptamers are ssDNA or ssRNA oligonu-
cleotides that can bind to a wide range of non-nucleic acid
targets with high affinity and specificity [8—10], which can
form stable and specific complexes with desired targets
[11-14]. Through an in vitro process named SELEX (sys-
tematic evolution of ligands by exponential enrichment), it
is an oligonucleotide-based combinatorial library approach
that has been extensively used to isolate high-affinity
aptamers for a wide variety of targets. There are several
potential advantages over traditional antibodies. Aptamers
are chemically stable, readily synthesized, and can be chem-
ically modified and labeled more easily [15, 16]. Currently,
so many methods have been developed using aptamer as
probe to recognize target analyte [17-21]. Our group has
also developed some aptamer-based rapid detection meth-
ods for toxin detections [12, 22]. However, reports about
detection method using aptamer as probes are rarely al-
though there have been many research about screening
aptamers against different bacterium [23-25]. Specifically,
it is found that screening aptamers against the Salmonella
08 is rarely reported.

Herein, in this research, we firstly adopted a whole bac-
teria SELEX strategy to get the ssDNA aptamer against
Salmonella O8 with high affinity and specificity, which
was named B 10 in our selection process. The dissociation
constant of the selected aptamer was calculated to be low
nanomolar level. Furthermore, the aptamer based fluores-
cence in situ labeling (FISL) assay was applied for Salmo-
nella O8 detection in short time. Results indicated that the
selected aptamer and the developed aptamer based FISL
method could be a potential powerful method for rapid
and on-site Salmonella O8 detections.

Experimental

Materials and reagents

All culture medium for different bacterium were bought
from Beijing Huamei Bioscience Technology Ltd. (http://

www.huameisk.cn). The ssDNA library, the biotinylated
primers for PCR amplification and Digoxin-labeled aptamer
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with high performance liquid chromatography (HPLC)
grade purity were all synthesized by Sangon Biotech.
(Shanghai, http://www.sangon.com) Co., Ltd. The agarose
gel extraction Kit and pGEM-T vector were also pur-
chased from Sangon Biotech. (Shanghai, http://www.sangon.
com) Co., Ltd. Bovine serum albumin (BSA) was pur-
chased from Beijing Biodee Biotechnology Ltd. (http://
www.biodee.net/). Other normal chemicals were bought
from Sinopharm Chemical Reagent Co. Ltd (http://
www.crc-bj.com/). All chemicals were used directly as
received without further purification.

Apparatus

All PCR amplifications were carried out by Eppendorf
Mastercycle ep384. Optima L-100XP centrifuge was used
for all purification treatments. Beckman Paradigm plate
reader was used for ALISA analysis. Rapid fluorescent
detection was carried out by the Carl Zeiss upright metal-
lurgical Microscope Axio Imager A2m (German).

Experimental procedures

Salmonella O8, E. coli O86:K61 and S. choleraesuis were
maintained in nutrition agar and incubated at 37 °C for 24 h
prior to harvest while in the log growth phase. The treatment
of bacterium was according to the reference with little
variations [1]. Typically, to prepare the targets for the selec-
tion and the counter-selection, all these bacteria were inac-
tivated by bathing in a 6 % formaldehyde/NaCl solution at
62.5 °C for 1 h, and then centrifuged at 6,000 rpm, 4 °C for
10 min. The sediment of bacteria was washed with 0.9 %
NaCl for three times, and re-suspended in selection buffer
(50 mM Tris—HCI pH 7.4, 5 mM KCI, 100 mM NaCl, and
1 mM MgCl,) and preserved at 4 °C. The ssDNA library
consisted of a central randomized sequence of 35 nucleo-
tides (nt) flanked by two primer hybridization sites (5-GGG
AGC TCA GAA TAA ACG CTC AA-35nt-CGA CAT
GAG GCC CGG ATC-3'), Digoxin-labeledS’-primer (5'-
Digoxin-GGG AGC TCA GAA TAA ACG CTC AA-3")
and a triple biotinylated (trB) labeled 3'-primer (5-trB-GAT
CCG GGC CTC ATG TCG AA-3) were used to amplify
double-labeled DNA molecules with conventional PCR
procedure.

SELEX procedures

Aptamers were screened by the method described previous-
ly with slight modifications [26-28]. In the initial selection
rounds, thel0 pg ssDNA library dissolved in 500 pL pH 7.2
phosphate buffered saline (PBS) was denatured by heating
at 95 °C for 5 min and then placed on ice for 10 min. The
denatured ssDNA library was incubated with 30uL
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1.5%10® cfu Salmonella O8 with mild shaking at 37 °C for
30 min. Bovine serum albumin (BSA) was added into the
selection system to reduce the background binding. Un-
bound ssDNAs were washed away with 1 mL selection
buffer (containing 0.2 % BSA) by centrifugation at
10,000 g, 4 °C for 10 min, and the bound ssDNAs were
eluted by heating the bacteria—aptamers complex at 100 °C
for 5 min in 200 uL of sterile ddH,0. After centrifugation,
the supernatant was used as a target template for amplifica-
tion of bound aptamers by PCR with Digoxin- or trB-
labeled primers (20-30 cycles of 0.5 min at 94 °C,
0.5 min at 55 °C, 0.5 min at 72 °C, followed by 5 min at
72 °C). Electrophoresis of 3 % agarose gel electrophoresis
was used to confirm the purity and amplified length of PCR
products. All PCR products were purified using a gel ex-
traction kit. After 11-rounds selections, the selected sSDNA
pool was PCR-amplified using unlabeled primers. The PCR
products were cloned into pGEM-T vector and transformed
into E. coli. Individual cultured colonies were picked out
randomly and their inserts were sequenced by Invitrogen,
Guangzhou, China. The aptamer sequences were analyzed
by Clustal X software and the secondary structure was
predicted by RNA structure v3.50.

To acquire the aptamers with high affinity and specificity,
we progressively increased the selective pressure by increas-
ing the number of washes (from two to five) and by de-
creasing the incubation time (from 60 to 20 min). The
counter-selection against E. coli and S. choleraesuis was
introduced in the 5th and the 8th rounds, respectively. To
ensure elimination of non-specific ssDNAs against the
polypropylene-partitioning matrix of the reaction tubes,
tubes were blocked with 1 % BSA-PBS.

The affinity of the selected ssDNA aptamer cocktail we
selected was determined by ALISA. Reaction tubes were
washed with PBS pH 7.2 and blocked with Superblock for
30 min and dried at room temperature. When ssDNA: Sal-
monella O8 equaled to 50pmol: 2*10%cfu-mL™" which was
incubated in 200 uL pH 7.2 PBS (0.2 % BSA). Following
the mixture was denatured by heating at 95 °C for 5 min and
then cooled on ice for 10 min, and mild shaken at 37 °C for
30 min. Afterwards the mixture was centrifuged at 8,000 g,
4 °C for 5 min. After centrifugation, the supernatant was
removed and reaction tubes were washed with 250 pL. pH
7.2 PBS for three times, then anti-Digoxin-alkaline phos-
phatase at a dilution of 1:5000 was added to the Reaction
tubes and allowed to bind at 37 °C for 30 min, centrifuga-
tion at 8,000 g, 4 °C for 5 min. After the supernatant was
removed, another 250 uL pH 7.2 PBS was added. After
three times washes with PBS, excess enzyme was almost
removed. Finally, the membrane discs were developed with
BCIP/NTB-BLUE (Sigma). ODy4ys values were determined
using a microplate reader from BIO-TEK. All the experi-
ments were performed in triplicate.

For FISL analysis, the selected aptamer modified with
FAM was used as fluorescent probe. Aptamer probe dis-
solved in PBS was denatured by heating at 95 °C for 5 min
and then on ice for 10 min. A loop of an isolated colony was
suspended in 500 pL pH 7.2 PBS and 10 puL of the suspen-
sion was spread onto a glass slide. The smear was air dried
and fixed with acetone for 5 min. Twenty-five microliters of
the aptamer probe was added onto the smears. Coverslips
were added, and the slides were placed in a humidity cham-
ber and incubated at 37 °C for 30 min, followed by a
stringent wash with pre-warmed pH 7.2 PBS. The slides
were then mounted in 70 % glycerol in PBS after distilled
water wash. The hybridized smears were further examined
with the Carl Zeiss upright metallurgical Microscope Axio
Imager A2m (German). Bacteria were identified on the basis
of bright green fluorescence and morphology. All slides
were examined by two independent investigators blinded
to the laboratory identification of the specimens.

Results and discussion

In aptamer research, whole-cell target detection is a prom-
ising area. One of its principal advantages is the ability to
target specific cell types without having previous knowl-
edge of the membrane molecules or structural changes re-
lated to that cell type [24, 29]. To date, most of the isolated
aptamers against microorganisms have been selected for
clinical applications. Aptamer application to detect environ-
mental and foodborne pathogens is a promising area of
research. Detection, identification and quantification of food
borne pathogens are crucial for public food health protec-
tion. In order to develop the rapid detection method of
Salmonella O8, choose the optimal recognition aptamer is
of great importance. Firstly, whole-bacterium SELEX
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Fig. 1 Results from screening of the sequenced Salmonella O8 can-
didate aptamer clones
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Fig. 2 Binding assay of aptamers against Salmonella O8

strategy was adopted to select the aptamer against Salmo-
nella O8 with high selectivity and affinity. The ALISA was
applied to monitor the select results of each cycle. As show
in Fig. 1, it is easy to observe that the absorption intensity at
405 nm is gradually increased with the increase of selection
round for aptamers. Till round 8, the intensity is coming to
the constant value, indicating the binding ability of the
selection pools reached a plateau after 8 rounds of selection.
In order to further confirm the high affinity of the
selected aptamer, the 11th round aptamer was adopted
and cloned into E. coli DH 5« using the pGEM-T
vector system. Following, twenty-two individual clones
were picked out and sequenced and multiple sequence
alignments results revealed that several groups of sequences
were modestly enriched. According to the sequenced results
and homology of the DNA sequence, the majority of
sequences could be classified into nine families as shown in
Table 1.
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The binding ability of the selected aptamers was further
chosen from each family based on the minimal free energy
principle. Afterwards, the optimized sequence of the
aptamer were synthesized and modified with FAM at 5’
end to label the Salmonella O8 using ALISA. From the
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Fig. 5 Specificity of aptamer B10 binding to Salmonella O8 and
counter selection bacteria

ALISA results shown in Fig. 2, it is demonstrated that,
among nine candidate aptamers, two of them (B10 and
GO05) show the strongest binding affinity with Salmonella
08 compared with the control and other candidate aptamers.
In order to further investigate these two selected aptamers,
we analyzed the secondary structures of each aptamer by the
classic RNA structure software v3.5. From the predicted
secondary structure, we find that the aptamer-B 10 could
form two stem-loop branches on a larger central loop while
the aptamer-GO05 form three stem-loop branches off from the
larger central loop (Fig. 3).

The binding affinity of aptamer B10 and G 05 was further
evaluated by measuring the dissociation constant K4 based
on ALISA. From the detected results shown in Fig. 4, the fit

Fig. 6 Fluorescent detection
results of aptamer B10 based
FISL assay
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E. coli O86:K61

Salmonella O8

curve could be developed in the one site binding model
(hyperbola) by the GraphPad Prism Software v5.0,
which gives the smallest error with respect to the ex-
perimental data. Through the calculation, the dissocia-
tion constant K4 and AG between B 10 and Salmonella
08 is 32.04 nM and —2.6 kJ-mol™', respectively. The
dissociation constant Ky and AG between G 05 and
Salmonella O8 is 175.9 nM and —3.7 kJ-mol ', respec-
tively. From these results, it is easy to find out that the bind
affinity of aptamer B 10 is stronger than that of aptamer G 05.
Therefore, aptamer B 10 was selected as the optimal aptamer
probe against Salmonella for following fluorescent detections.

The aptamer B 10 was used as probe in the ALISA. As
shown in Fig. 5, the absorption intensity of Salmonella O8 is
higher than that of other control bacterium and blank group,
indicating the excellent specificity of the screened aptamer
B 10. The specificity of Salmonella O8 detection was fur-
ther carried out by the direct observation with fluorescent
microscopy. Aptamer B 10 was modified with digoxigenin
for direct fluorescent observation after combining with tar-
get bacteria. Through the direct observation with fluorescent
microscopy, we found that the digoxigenin-aptamer could
bind to the target Salmonella O8 with high specificity,
showing obvious fluorescent signal (Fig. 6¢). Comparative-
ly, there is no fluorescent signal in the blank group (Fig. 6d)
while there is a little fluorescent signals in the control group
of E. coli O86:K61 and S. choleraesuis (Fig. 6a and b),
which may be caused by the non-specific adsorption. These
results also demonstrated the high specificity and affinity of
the selected aptamer B10 against target Salmonella O8.
These indicated that the selected aptamer B 10 could be a
potential powerful probe for Salmonella O 8 detections and

S. choleraesuis

BLANK
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more useful ultrasensitive and rapid methods could be de-
veloped quickly by using this aptamer probe.

Conclusions

In this study, aptamer against Salmonella O8 was selected
through the classic in vitro SELEX technique. The aptamer
B 10 was obtained from nine families of pre-screened
aptamers and had very high selectivity and binding affinity
to the target Salmonella O8 with the dissociation constant
Kq and AG nM 32.04 nM and —2.6 kJ mol ', respectively.
The secondary structure was analyzed, which was benefit
for the future recognition mechanism research. Furthermore,
a rapid detection method for Salmonella O8 was developed
based on the selected aptamer B 10. And the whole proce-
dure of ssDNA aptamer-based detection could be finished in
1.5-2 h. Detection results further indicated the excellent
selectivity and bind ability of aptamer B 10. This work
provided a good aptamer probe for Salmonella O8 detection
and would also contribute greatly to the development of rapid
detection methods for bacterium. Further post-SELEX of
aptamers with higher affinity and development of other on-site
detection methods for Salmonella O8 based on aptamer B 10
are still going on in our lab.
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