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Abstract

Listeria monocytogenes, a foodborne pathogen, is considered as one of the major problems in
food safety. With strong safety regulations, a monitoring measure is essential for protecting the
health and safety of consumers. Thus, a reliable monitoring method is required. In this study, a
rapid assay based on a combination of helicase dependent amplification (HDA) and DNA signal
detection via nucleic acid hybridization in blue silver nanoplates (AgNPIs) was established. The
assay started directly after short term enrichment in terrific broth using cotton ball swapping
technique on seafood surface. A HDA amplification of hly gene of L. monocytogenes at 65 °C
allowed DNA signals to be increased, whereas the rendered DNA products were detected via
nucleic acid hybridization with an oligonucleotide probe in AgNPIs solution. The positive
specimens induced blue silver nanoplates’ aggregation resulting in pale gray change to colorless,
while the negative specimens showed the blue color of non-aggregated nanoplates. The method
had a detection limit at 100 copies of L. monocytogenes DNA per 50 g of sample. This method
was rapid, simple, did not require laboratory facilities and was suitable for field food safety
monitoring.
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1. Introduction

Listeria monocytogenes, a gram-positive, causes serious invasive disease or listeriosis in humans
and animals. Its ability to survive in a wide range of temperatures and pH levels, and be able to
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reproduce itself even at low temperatures (Low and Donachie, 1997; Acha and Szyfres, 2003),
made it wildly distributed in various environments including soil, silage and in foods. Raw and
processed food samples, including dairy products, meat, vegetables and seafood have been
reported as common sources of contamination (Gravani, 1999; Ngrrung, et al., 1999, Kathariou,
2003). Recently, with a change in our lifestyle, ready-to-eat foods have been reported as a source
of listeriosis outbreak (Huss, et al., 2000; de Valk, et al., 2001; Makino, 2005; Tham, et al.,
2000).

Infections by ingestion of food contaminated by L. monocytogenes cause severe complications
such as non-bloody diarrhea, nausea and vomiting, high fever, and serious septicemia and
meningitis (Bortolussi, 2008; Kalorey, 2008). Thus, several regulations were strongly imposed
toward strict standards and food safety measures (Jgrgensen and Huss, 1998). These include a
zero-tolerance in ready-to-eat (RTE) foods for the United Stated and a setting of acceptable
levels at 100 CFU/g for the EU (Jgrgensen and Huss, 1998). To implement these regulations at
the industry level, self-regulation in risk analysis can be exercised via enforcing a regular
screening or monitoring to comply with the Hazard Analysis and Critical Control Point
(HACCP). Thus, a rapid reliable assay for detection of this foodborne pathogen is needed.

Until now, a standard culture method using selective agar plates and biochemical and serological
identification and modern Polymerase Chain Reaction (PCR) has routinely been used due to its
acceptable accuracy; however, implementation of these tests at the on-site level was limited due
to them being laborious, complicated, time-consuming and heavily dependent on laboratory
facilities (Donelly, 1991) (Furrer, et al., 1991; Bickly, et al., 1996; Bessesen, et al., 1990; Border,
etal., 1990; Thomas, et al., 1991).

An ideal assessment method would allow rapid analysis in a single step, enabling the assay to be
performed rapidly on site. To achieve this, we have applied a nucleic acid detection combining
the DNA amplification and detection steps in sequence. For DNA amplification, Helicase
Dependent Amplification (HDA) was selected because it has similar principles to that of PCR
(Vincent, et al., 2004), except for the use of thermophillic helicase enzyme to unwind double-
stranded DNA instead of heating. It also provided several advantages over PCR such as its
rapidity, its equal sensitivity, specificity and its condition involved with the use of isothermal
temperature conditions enable it to perform DNA amplification without the need of a
thermocycler. These advantages were suitable for the point-of-care application in field. For DNA
detection, a colorimetric detection based on metal nanoparticles was employed due to its
simplicity and rapidity, providing a result in terms of a direct visual detection without the
requirement for any complicated equipment (Giljohann, et al., 2010; Han, et al., 2006).

Previously, unmodified gold nanoparticles had been applied for rapid foodborne pathogen
detection, especially for L. monocytogenes and Salmonella enterica (Fu, et al., 2013). However,
using gold nanoparticles had its own limitation, especially in terms of their storage stability and
the difficult usage due to the requirement in functionalization. These confined their hard-to-
manage use to specific conditions, i.e., tests having to be performed rapidly using fresh gold
nanoparticles, or the use of nanoparticle functionalization requiring special experiences (Kreibig
and Genzel, 1985). These limitations reduce the chance for the method to be applied in real
applications. Thus, instead of gold, blue silver nanoplates (AgNPIs) with an oligonucleotide
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probe was applied to develop colorimetric detection. The use of blue AgNPIs not only solved the
stability problem during metal nanoparticle usage but also reduced the cost of the assay and
provided clearer colorimetric signals.

In this study, the DNA amplification via helicase dependent amplification (HDA) platform and
the DNA hybridization using oligonucleotide in non-functionalized blue silver nanoplates
(AgNPIs) was applied for Listeria monocytogenes detection in a simple colorimetric assay
platform. The use of it for on-site frozen seafood products screening was also demonstrated.

2. Materials and Methods
2.1. Frozen Seafood Specimens and Bacteria Strains

A total of 30 frozen seafood and ready-to-eat samples were collected from modern type
supermarkets and local weekend markets in Bangkok, Thailand, focusing on salmon, tuna,
shrimp and their products. All were analyzed after collection in a day. The standard strains of L.
monocytogenes and non-L. monocytogenes were from reliable sources including the Department
of Medical Sciences at the Ministry of Public Health, Thailand (DMST), and the Food Research
and Testing Laboratory (FRTL) at the Faculty of Science, Chulalongkorn University, Bangkok,
Thailand. Detail of strains of pathogenic bacteria including 5 strains of L. monocytogenes and 17
strains of non-L. monocytogenes including L. innocua, L. ivanovii, L. welshimeri of the same
genus, Vibrio cholera, V. parahaemolyticus, Salmonella enteritidis, Escherichia coli O157:H7,
Enterotoxigenic E. coli (ETEC), Enteropathogenic E. coli (EPEC), Pseudomonas putida,
Shigella flexneri, Campylobacter jejuni and Staphylococcus aureus) are described in Table 1 and
Table 3.

Table 1: The strains of pathogenic bacteria and sources

No. Bacteria Strain Source

1 Listeria monocytogenes DMST* 17303
2 L. monocytogenes DMST* 1327
3 L. monocytogenes DMST* 20093
4 L. monocytogenes DMST* 23145
5 L. monocytogenes DMST* 31802
6 L. innocua DMST* 9011
7 L. innocua FRTL** 1265
8 L. innocua FRTL** 1445
9 L. innocua FRTL** 1446
10 L. ivanovii FRTL** 1243
11 L. ivanovii DMST* 9012
12 L. welshimeri DMST* 20559
13 Vibrio cholera FRTL** 1322
14 V. parahaemolyticus FRTL** 0886
15 Salmonella enteritidis DMST* 15676
16 Escherichia coli O157:H7 DMST* 12743
17 E. coli (ETEC) DMST* 30543
18 E. coli (EPEC) DMST* 30546
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19 Pseudomonas putida DMST* 16074
20 Shigella flexneri DMST* 4423
21 Campylobacter jejuni DMST* 15190
22 Staphylococcus aureus DMST* 8840

* DMST = Department of Medical Sciences, Ministry of Public Health, Thailand
** FRTL = Food Research and Testing Laboratory, Faculty of Science, Chulalongkorn University, Thailand

2.2. Genomic DNA Extraction

For standard samples, DNA extraction was carried out from the overnight bacteria in LB using
the Wizard® resin method as described by manufacturer protocol (Promega, USA). For seafood
samples, the bacteria were acquired using the cotton ball swab technique from the surface of
each sample and enrich-cultured in 2.5 ml Terrific Broth at 37 °C for 3.5 hrs (Chaumpluk and
Chaiprasart, 2013; Sambrook, et al., 1989). The resulting culture was collected in a 1.5 ml
microfuge tube, centrifuged at 6,000 rpm for 2 minutes, and the supernatant was discarded. Only
0.25 pL of the obtained pellet was used directly for amplification without DNA extraction.

2.3. Primer Design and Probe

The hly gene encoding for listeriolysin O, with DNA sequences (GenBank, Accession No.
AF253320.1) was employed as reference, and primers were designed using Primer3 (version
0.4.0). In order to confirm their binding specificity, target sequences were aligned using the
ClustalW program (Higgins, 1994) and compared against databanks via the Basic Local
Alignment Search Tool (BLASTnN) (Altschul, et al., 1990). For comparative study between the
HDA assay and classical PCR, standard PCR primers as described were used (Furrer, et al.,
1991). An oligonucleotide probe specifically targeting the hly gene was also designed for nucleic
acid hybridization.

2.4. Polymerase Chain Reaction (PCR) and Cloning

Genomic DNA from positive sample was amplified using the PCR technique with specific
primers, HDAhlyF and HDAhIyR, and hlyF and hlyR, as described in Table 2 (Furrer, et al.,
1991). Obtained products were cloned using TA cloning technique and transformed into E. coli
competent cells (SG13009). Plasmid was screened (Sambrook, et al., 1989) and used as positive
DNA sample.

2.5. Isothermal DNA Amplification of Hly Gene and DNA Signal Detection

Isothermal DNA amplification based on Helicase dependent amplification (HDA) was
employed. Genomic DNA and positive control DNA were amplified using IsoAmp® 1l
Universal tHDA kit (BioHelix, Beverly, MA, USA) with both specific HDA primers via two-
step tHDA (thermophilic HDA). In detail, the reaction mixture A was heated for 2 min at 95 °C,
and, after adding Mixture B, further incubated at 65 °C for 40 min. The resulting DNA products
were separated on 2.5 % agarose gel and visualized under UV light and ethidium bromide
staining. All strains of L. monocytogenes and non-L. monocytogenes DNA were amplified using
HDA technigque and compared with results from a classical PCR method (Furrer et al., 1991).
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DNA detection was also measured using a colorimetric assay with blue silver nanoplates
(AgNPIs), 40-120 nm in diameter, synthesized as described (Parnklang, et al., 2013).

The blue AgNPIs and the mixing between the oligonucleotide probe and HDA products were
performed on the surface of the nanoplates (Chaumpluk, et al., 2013). DNA signals were read
after adding salt, which triggered nanoplate aggregation. Briefly, 10 pmol of the oligonucleotide
probe were mixed with 1 pl of 100x dilution of the HDA products and heated at 80°C for 2 min
for DNA hybridization. Then 15 ul of blue AgNPIs were added to the reaction. The color
detection of blue AgNPIs was observed after adding 1.5 pl of 50 mM PBS, pH 7.0 using the
naked eye and UV-visible spectroscopy (Ocean Optics® USB2000, USA) at A =380-800 nm.

2.6. The Specificity and Sensitivity of HDA

The specificity of HDA was assayed using genomic DNA of L. monocytogenes and non-L.
monocytogenes (Table 1) as a template and a specific set of hly primers using the ISOAmMp® 11
kit. The DNA products were then checked by both colorimetric detection and agarose gel
electrophoresis. The results were compared in terms of differences of the HDA assay and PCR
(Furrer, et al., 1991). The sensitivity of the HDA method was tested using the serial dilution of
the plasmid harboring hly gene from 0 to 10" copies as described (Kuribara, et al., 2002). The
specificity and sensitivity of the method was evaluated (Fawcett, 2006). The specificity was
described as the number of true negatives x 100 divided by the sum of the number of false
positives and true negatives. The sensitivity was calculated from the number of true positives x
100 divided by the sum of the number of true positives and false negatives (Yano, et al., 2007).

For the spiking trial, a strain of L. monocytogenes (DMST 17303) was cultured in LB at 37 °C
for 16-18 hrs in a shaking incubator. The serial dilutions of bacteria were determined. Each of
the diluted bacteria was inoculated on 50 g of seafood products and incubated at 37 °C for 15
min. Then bacteria on sample were obtained by swapping with a sterile cotton ball and enriching
for 3.5 hrs at 37 °C. The bacteria culture was harvested as previously described, and measured
for the amount of bacteria via plating 50 pl of the bacterial serial dilution onto LM media and
incubating at 37 °C for 16-18 hrs. The numbers of colonies were calibrated into an original
bacteria contamination.

3. Results and Discussions
3.1. DNA Amplification

Traditional methods for detection for Listeria spp. not only require 5 official days to obtain the
result, but rely heavily on laboratory facilities. For this reason, a number of alternative rapid
screening tests have been proposed (Vélimaaa and ElinaVirtanen, 2015; Liua, et al., 2015;
Rodriguez-Léazaro, et al., 2004; Janzten, 2006). The PCR based screening platform and immune
chromatographic platform were among the popular models employed recently, but both had
drawbacks in terms of being time consuming and depending heavily on laboratory facilities, plus
the latter had some problem with test specificity. In this study, the HDA platform was combined
with a novel colorimetric DNA hybridization and subsequent nanoparticle aggregation.
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To establish DNA amplification, several candidate genes of L. monocytogenes, including hly,
iap, inlA, inIB, prfA and actA, were investigated. Among them, the hly gene was selected as the
target sequence because it was highly conserved among different strains. The hly gene encodes a
hemolysin called listeriolysin O (Cossart and Mengaud, 1989) that is essential for the lysis of the
phagosomal membrane during infection. This gene was also the most commonly employed in
several molecular analyses (Furrer, et al., 1991; Portnoy, et al., 1988; Churchill, et al., 2006;
Jallewar, et al., 2007). To this, a specific set of primers for L. monocytogenes (hly gene)
detection was designed (Table 2). The primers were screened based on the BLASTn program on
8 June 2015 (Reference number RGUEX4PY014 and RGUVTT4Y014). The amplification of the
hly gene with the primer set using HDA delivered DNA products at 91 nucleotide size. The
amplification with HDA provided results (Figure 1A) in agreement with those obtained by
classical PCR having 234 nucleotide size (Furrer, et al., 1991).

Table 2: Oligonucleotide sequence for amplification assay of L. monocytogenes

E;:Tr:;er Primer sequence (5°-3°) zlrzoeduct (bp)Of Position*
hlyF ** 5’-CGG AGG TTC CGC AAA AGA TG-3’ 234 1044-1036
hlyR ** 5’-CCT CCAGAG TGATCG ATG TT-3’ 1258-1277
HDAhIyF 5’-TAC CAC GGA GAT GCA GTG AC-3’ 91 232-251
HDAhIyR 5-TGGATTTCTTCT TTT TCT CCA CA-3’ 300-322
Probe 5’-CGCCAAGAAAAGGTTACAAAGATGGAAATG-3’ 30 260-289

*  With reference to sequence Accession Number AF253320.1 (GenBank)
** Furrer, et al. (1991)
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Figure 1: (A) The DNA products of the hly gene using HDA compared with the products from
the amplification of the hly gene by PCR (Furrer, et al, 1991) with specific primers and detected
based on color changes in the blue AgNPIs. Lane M, 100 base pair DNA ladder; Lane ntc, non-

template control; Lane P, Positive DNA from L. monocytogenes. (B) DNA signal detection based
on the control of particle dispersion and aggregation using HDA products and oligonucleotide

probe for differentiating between single stranded and double stranded oligonucleotides and (C)
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Absorption spectra of the aggregated blue AgNPIs (positive) and dispersed blue AgNPIs
(negative) by UV-vis spectroscopy at wavelengths from 400-800 nm.

For the primer specificity study, attempts to amplify different DNA templates from 5 strains of
L. monocytogenes and 17 strains of non-L. moncytogenes including L. innocua, L. ivanovii, L.
welshimeri of the same genus, Vibrio cholera, V. parahaemolyticus, Salmonella enteritidis,
Escherichia coli O157:H7, Enterotoxigenic E. coli (ETEC), Enteropathogenic E. coli (EPEC),
Pseudomonas putida, Shigella flexneri, Campylobacter jejuni and Staphylococcus aureus, using
HDA were made. Only the target DNAs from L. monocytogenes were amplified compared with
that of PCR. DNA products were amplified using gel electrophoresis and colorimetric detection
based on blue silver nanoplates. Only the strains of L. monocytogenes were observed (Figure 2).
When non-L. monocytogenes strains were used as template, neither non-specific amplification
nor primer dimers were observed. The amplification of the hly gene using specific primer thus
occurred only when L. monocytogenes was present. Results also confirmed primer specificity
with L. monocytogenes but not L. innocua, L. ivanovi and L. welshimeri, three other species in
the same L. genus. The results of primer specificity was also in consistent with those studies
using the PCR technique (Furrer, et al., 1991), indicating the reliability of primer for Listeria
amplification. All these results confirmed the specificity of the HDA primer set for L.
monocytogenes DNA amplification.

Mne P 1 2 3 4 5 6 7 8 9 10 11- 12 13 14 M nte P 15 16 17 18 19 20 21 22
HDA 28 HDA (&
- s o et omb ws S 91 b :
: P T~ o i HORCO L ; 91 bp
PCR* vOe ems wen wims ems wos ‘ 234 bp PCR* - 234 bp
AEREN [ . | AgNPs
W Wl A w e e WY U e & 9 9 % 6. 5.8

Figure 2: The specificity of the HDA assay for detection of L. monocytogenes compared with
PCR and the colorimetric AgNPIs. Lane M, 100 base pair DNA ladder; Lane ntc, non-template
control; Lane P, positive DNA from L. monocytogenes, Lane 1-5; L. monocytogenes from
different source, Lane 6-9, four strains of L. innocua; Lane 10-11, two strains of L. ivanovii;
Lane 12-22, L. welshimeri; Vibrio cholera; V. parahaemolyticus; Salmonella enteritidis;
Escherichia coli O157:H7; E. coli (ETEC); E. coli (EPEC); Pseudomonas putida; Shigella
flexneri; Campylobacter jejuni and Staphylococcus aureus respectively.

The detection limit of HDA primers was also carried out using plasmid harboring the hly gene
with ten-fold dilution as described (Kuribara, et al., 2002). The amplification with HDA
provided hly gene products at size of 91 base pairs even when the template was diluted to 100
copies (Figure 3). In our attempt to compare the limit of detection using the PCR technique
(Furrer, et al., 1991), it was found that the DNA products size 234 nucleotides were found only
when the plasmid templates were diluted to 1000 copies. Since the study was based on purified
plasmid template, results then indicated the possibility of better sensitivity for the HDA primer
than the PCR.
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Figure 3: The sensitivity of the HDA assay for detection of L. monocytogenes compared with
PCR and the colorimetric AgNPIs; Lane M, 100 base pair DNA ladder; Lane ntc, non-template
control; Lanes 1-8, ten fold serial dilutions of L. monocytogenes template DNA, ranging from
Lane 1, 10" copies; Lane 2, 10° copies; Lane 3, 10° copies; Lane 4, 10* copies; Lane 5, 10°
copies; Lane 6, 102 copies; Lane 7, 10 copies to Lane 8, O copies.

Sensitivity of the primer was also investigated based on the spiking of tenfold serially diluted
bacterial cultures on 50 g of frozen seafood together with colony forming plate count evaluation.
Results revealed that the limit of detection was approximately 100 CFU in contaminated frozen
seafood, which was in agreement with the results obtained from the DNA test (Figure 4). Based

on the above, the limit of detection of the primer for Listeria detection was as low as 100 copies
of the hly template.
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Figure 4: The detection limit by spiking of the seafood sample with L. monocytogenes diluents
using an HDA assay compared with PCR and the colorimetric AgNPIs; Lane M, 100 base pair
DNA ladder; Lane ntc, non-template control; Lane P, L. monocytogenes plasmid, Lane 1-5, from
10" to 10° CFU, Lane 6, 1.02 x 10° CFU, Lane 7, 10250 CFU, Lane 8, 1033 CFU, Lane 9, 100
CFU, Lane 10, 7 CFU and Lane 11, 0 CFU, respectively.

3.2. DNA Signal Detection

The DNA signal detection was based on a colorimetric assay using non functionalized metal
nanoparticles due to its advantages in speed and simplicity of the test (Li and Rothberg, 2004).
Moreover, the colorimetric assay this way rendered the results observable without
instrumentation. The original platform depended on the electrostatic property difference between
SSDNA (primers without PCR products) and dsDNA (eg the PCR products). The structure of
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ssDNA allows its configuration to uncoil and expose its bases, whereas that of dsSDNA has a
stable double-helix geometry, always presenting the negatively charged phosphate backbone
(Bloomfield, et al., 2000). The stabilized gold tended to adsorb negative ions whose repulsion
prevents the strong van der Waals attraction between the particles from causing them to
aggregate (Hunter, 2001). Repulsion between the charged phosphate backbone of dsSDNA and
the adsorbed citrate ions dominates the electrostatic interaction resulting in unabsorbing on the
gold surface. Adsorption of ssDNA stabilizes the gold nanoparticles against salt-induced
aggregation and the gold colloid remained ruby red, but this was not the case for dsSDNA, where
salt-induced aggregation occurred and the gold colloid turned purple.

Recently, Fu et al. attempted to combine DNA signals detection using a modified gold
nanoparticles strategy via a thiolized primer molecule. When the 5° thiol labeling of the
oligonucleotide primer was used for hly gene amplification in the PCR platform, the result of
amplified DNA products yielded the DNA with thiol groups at 5° terminus. The obtained
molecules then attached to the particle via the strong interaction between the thiol groups and the
gold, creating thick barriers of a chain of negative charges that protected the gold nanoparticles
from salt-induced aggregation.

However, the functionalization of the gold with the thiol group was complicated, laborious and
had less storage stability. Moreover, the functionalization efficiency was partially dependent on
the reaction conditions, i.e., the pH, electrolyte concentration, heat and magnetic field (Zhou, et
al., 2009). These obstacles limited the applicability for on-site testing.

In this study, short oligonucleotide (30 nucleotides) was used as an oligoprobe and performed a
colorimetric assay based on non-functionalized, blue-colored silver nanoplates (AgNPIs). The
use of non-functionalized nanoparticles avoided the problems associated with thiol-group
labeling, while blue AgNPIs were used instead of gold nanoparticles because they provided long-
term stability during a year of storage, unlike the 1-2 month stability of gold nanoparticles. These
particles also had a 100 times greater molar extinction coefficient than gold, thus increasing the
sensitivity of the assay (Kreibig and Genzel, 1985). The blue AgNPIs also provided more clearly
visible signals upon aggregation of them, transitioning from blue to colorless, than did the
common yellow AgNPIs used by Thomson’s group, which switched from pale yellow to pale
pink (Thompson, et al., 2008). The colorimetric change in the blue AgNPIs could be observed by
UV-vis spectroscopy at wavelengths from 400-800 nm (Figure 1C). Color changes in the AgNPI
solution were observed in L. monocytogenes-positive samples but not in samples lacking L.
monocytogenes.

The effect of signal detection was based on the control of particle dispersion and aggregation
using target DNA products and oligonucleotide probes. When the oligonucleotide probes were
added at the first step to the diluted HDA products and performed denaturation by heat
incubation at 65 °C for 5 min, the binding of HDA products with probes would result in two
different conditions (Figure 1B).

For the positive HDA sample, a large amount of target double stranded DNAs of the hly gene,
produced by HDA technique, had opened up a lot of target binding domains which attracted the
affinity and consumed a large amount of probes. Shorter oligonucleotide had a tendency to bind
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to target DNA before the longer DNA counterparts. These hybridizations affected the available
amount of single strand oligoprobes in the system to less molar level. In general, the single
strand oligoprobe tended to bind dispersedly on surface of AgNPIs via nitrogenous base/silver
van der Waals forces and protected AgNPIs from salt induced aggregation (Li and Rothberg,
2004). When the probes were totally consumed through the nucleic acid hybridization as that
found in the hly gene of the HDA positive case, there were less available probes to protect
nanoplates’ aggregation in the second step, thus, resulting in the stacking of plates after adding
of salt which turned the color of the colloid AgNPIs from blue to pale gray to colorless at the
end. These color changes could be detected by the naked eye. In the negative HDA sample, there
was no DNA amplification and no related products available at all. Then, the adding of the
diluted HDA products in the second step did not interfere with the molar amount of single strand
oligoprobes in the system, leading to a complete protection of AgNPIs from aggregation and
inducing no such color change as in scheme 1. In the test, with 1 pl of diluted HDA products, a
suitable amount of probes was at 10 pmole, the amount of blue AgNPIs (200 ppm) was at 15 pl
and the amount of salt (100 mM PBS pH 7.0) solutions was 1.5 pl. These rendered particles
aggregation which in turn provided a colorimetric change of AgNPIs’ colloid from blue to pale
gray to colorless in positive, while no such a change was observed in the non-aggregated
negative one. Thus, the positive DNA of the hly gene was observed in aggregated (pale gray) of
the Blue AgNPIs and the negative DNA was still observed in the blue color of the non-
aggregation blue AgNPIs because the single strand of oligonucleotide probes prevented the blue
AgNPIs from aggregation in high saline solutions.

The specificity and sensitivity of the assay via colorimetric assay using AgNPIs also agreed with
those obtained by gel electrophoresis. However, it should be noted that in the case of lower
levels of DNA template (diluted DNA template less than 100 copies), the test provided less
amplification, which produced insufficient DNA products to induce nanoplate aggregation. The
sensitivity test was also carried out using living bacteria as the template. The result on the limits
of detection via both nanoplate aggregation and gel electrophoresis was also observed when
living bacteria were diluted to 100 CFU.

To evaluate the liability of the method, HDA with colorimetric detection was employed for the
100 samples of blind seafood product test. All were directly detected using an HDA assay with
specific designed primer and colorimetric detection based on blue AgNPIs. Among them, 40
samples were obtained with spiking of known L. monocytogenes concentration and 60 samples
were obtained without L. monocytogenes contamination. The PCR method was used as standard
reference. The spiking concentration of L. monocytogenes was near the limit of detection. The
assays results using PCR and HDA with AgNPIs were shown in the table 3. The specificity and
sensitivity of the detection were calculated as 100 % and 97.5 % respectively, thus this assay is a
good candidate for screening and monitoring bacterial contamination in the field.

Table 3: The comparison of PCR with HDA assays using blue silver nanoplates

Specimens PCR HDA with AgNPlIs
Validation test

Positive 40 39

Negative 60 61

False positive - -
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False negative - 1
Sensitivity * 97.5
Specificity ® 100.0

Screening test

Salmon filet portion sashimi

Raw salmon meat (block)

Raw salmon meat

Smoked salmon

Salmon

Fresh cut salmon

Frozen peeled shrimp

Fresh shrimp sashimi

Raw tuna sashimi

Raw tuna block for sashimi

Raw salmon meat for sashimi

Raw salmon halve dressing

Fresh cut salmon (disc)

Frozen salmon sashimi

Repacked smoked salmon

Raw salmon for sashimi

Raw salmon sushi

Fresh shrimp

Frozen shrimp peeled clean tail on

Uncooked shrimp easy peeled tail on

Ready-to-eat salmon sushi

Repacked smoked salmon

Raw salmon for sushi

Raw salmon for sushi

Frozen salmon block

Raw shrimp peeled tail on

Raw salmon block

Fresh shrimp for raw serve

Fresh shrimp for raw serve

Salmon for sushi
A; Sensitivity = 100x true positive/(true positive + false negative)
B; Specificity = 100x true negative/(false positive + true negative)

N: negative and P: positive

Z2ZZ

222222222V 2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z22Z22

2Z2Z2Z2Z2Z2Z2Z2Z2V2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z22

Finally, rapid screening of frozen seafood in the market (Table 3) was also tested using both
PCR and our assay. The results confirmed that a contamination was present in the ready-to-eat
salmon sushi from one vendor having bad sanitation (3.33%). Hence, the standard
recommendation was introduced to this vendor. Thus, this test provided a visual readout based
on color changes in the silver nanoparticles upon salt-induced aggregation during DNA
hybridization. Although this assay is qualitative, the total cost was as low as approximately US$
5 per test, and the entire procedure required less than 4.5 hrs to complete (3.5 hrs for enrichment
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and ~50 min for the L. monocytogenes assay). This test provides an alternative for monitoring
this pathogen in the field, especially for food quality and safety purposes.

4. Conclusions and Recommendations

The rapid detection of the hly gene from L. monocytogenes in frozen seafood based on Helicase
Dependent Amplification (HDA) and the utilization of blue silver Nanoplates (AgNPIs) were
developed. The designed primer of the hly gene was specific only for L. monocytogenes and the
amplification using an HDA assay has the detection limit of the hly gene at 100 copies of the
target gene. This assay provided 100 % specificity and 97.5 % sensitivity. The result could be
checked simply from the color change with the naked eye. The total cost was about 5US$ per test
and the process to complete the assay took only 4.5 hrs.
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