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Abstract:

Rapid and sensitive detection of foodborne pathsgerfood industry is of high importance in day-
to-day practice to ensure safe food. To addressishue, multiple foodborne pathogens are targeted
for rapid identification based in DNA amplificatioA 3D PDMS sponge was fabricated using salt
crystals as scarifying mold and functionalized wéhligand, apolipoprotein-H (ApoH), to test
bacterial capturing for both Gram positive. fnonocytogenes) and negative bacterisgsglmonella
spp.), in a microfluidic device. Pure culture oftbpathogens in a range of ~10 to GFU/mL were
tested and the application of the developed autetnate-concentration protocol in real samples was
verified using spiked surface samples after swaahpiing. Bacterial DNA was extracted directly
from the sponge and used for Real Time quantité®ielymerase Chain Reaction (qPCR) detection.
The sponges did not show any significant resistamcample flow and could easily be incorporated
in a microfluidic device. A capture efficiency al@ov0% was observed for both targeted (Gram
positive and Gram negative) pathogens and a Limetection (LoD) in the range of i@nd 10
CFU/mL was obtained forSsalmonella spp. andL. monocytogenes, respectively. Using this
approached, we are able to perform multiplexed rfGpasitive and Gram negative) capturing and
reduce the enrichment time compared to the gohtlata plate culture (over 1-day) method. Tise

of a 3D sponge for direct capturing of multiplexeathogen on microfluidic device, followed by
gPCR detection is an efficient and versatile metioostratify the presence of bacteria. This apgnoac
and methodology has potential to be integratedilinauitomatized device and used as point of need

(PoN) system for foodborne pathogen stratificatiofood packaging/production industries.

Keywords: 3D sponge, foodborne pathogen, microfluidic devigeltiplexed detection, gPCR.
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1. Introduction:

Contamination of food and water with bacteria igrently a significant public concern worldwide, as
it is associated with increased mortality rate aednomic burden due to the possible outbreaks.
Common symptomatology make difficult to identifyetbausative pathogen. Therefore, there is a need
for tighter monitoring of food and water to decreadobal incidence of foodborne diseases and their
related crucial safety issues. To highlight its ampnce, it is worth noting that although the US
Center for Disease Control and Prevention (CDC)8204s estimated nearly 3000 annual deaths in
US due to the contamination of food and drinkindexawhich can be considered underestimated as a
result of misdiagnosis and improper sample colbectind testing (Dewey-Mattia et al. 2018). Among
the causative agents of food poisonibgmonocytogenes is one of the most problematic foodborne
pathogen, with one of the highest mortality rate18£8%, reported in 2017 in European, and
Salmonella spp. continue to be the second commonest reppaabotic agent, responsible for many
hospitalizations (EFSA and ECDC 2018; Vidic etZ419). Traditional methods for the detection of
these bacteria in food matrix are based on sampiehgnent and subsequent pathogen culturing on
agar plate, followed by biochemical identificati@@ai, Singh, and Sharma 2007; Wang and Duncan
2017). This method has limitations related to thquirement of specific media for enrichment,
optimized incubation temperatures for differenttbdal species, high number of Petri dishes for
culturing, and a trained personnel for isolatiod afentification of the microorganisms (Vinayaka et
al. 2019). Moreover, successful identification afgecific pathogen may take up to one week, which
is considered lengthy. Therefore, such conventigo&d standards microbiological methods do not
meet the demand of rapid pathogen testing in fomdiyrts. A new branch of on-site analytical
detection with the potential to overcome weaknesdesassical methods combines microfluidics,
chemical engineering, and biosensors (Liu et all9®Xu. 2019). Such portable sensors have
attracted an exponential plethora of attentiorhimlist decade for food and water quality contyol b
getting the benefits of polymerase chain reactP@R) to detect specific microbial DNA as a target

(Garrido-Maestu et al. 2018; Gorgannezhad, Stratod Nguyen 2019). Some microorganisms are
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not culturable even in their viable form, leadimga false negative result using culturing methods
(Dao et al. 2018). Therefore, combining PCR withala-on-a-chip device prevents this risk while
rendering rapid detection to the system, if a prggpe-concentration strategy is applied in the cievi
The attachment of the bacteria within the micrafici device happen through its tendency to
capturing ligands available on the surface of thentber where the food sample is passed. Although
it is considered laborious and expensive, addipgeeconcentration step is a necessary step towachie
an optimal DNA quantity when low numbers of ba@eare presents in food samples. Besides, it is
crucial to use a universal capturing ligand in poecentration step since multiple pathogens may be
present in the same food sample.

Herein, we have developed a miniaturized micro-ckeVor rapid multiplexed (gram positive
and gram negative) detection of foodborne pathogétisan automated pre-concentration protocol
using universal capturing ligand apolipoproteinAp@H) functionalized 3D sponges in microfluidic
device. The 3D sponge was developed using PDMS wifined pore size and porosity for
uninterrupted flow of the food sample to perforre tbnction of bacteria pre-concentration step. The
DNA extraction and purification from captured baiztevas performed directly from the sponge and
followed by gPCR quantification.

2. Experimental Section:

2.1.Reagents and material

All chemicals were purchased at Sigma-Aldrich uslegherwise specifically stated. Milli-Q

ultrapure water (Millipore, USA) was used throughallithe experiments.

2.2.Methods

2.2.1. Fabrication of PDM S sponge

A controlled size (80-100 um) of salt (NaCl, Sigidrich), particles (i.e., granulated, sanding
particles) were prepared to develop salt templateSD PDMS sponge. The powdered salt particles
were rubbed by adding water and then cast onto sn@chpty syringe) to shape the template for
PDMS sponge. Thereafter, the molds were carefully away to recover the solidified PDMS
cylinder. The salt used in mold were placed intoeampty syringe in which a mixture of PDMS
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(Sylgard 184) with curing agent in ration of (10:ky weight was poured. The syringe was degassed
by connected with a vacuum line so the PDMS caitiraied into the salt templates through capillary
or air gaps under vacuum forces. The salt templaihsthe absorbed mixture were then cured at 65
°C for 4 hours. After the curing process, the safhplates were dissolved and washed away by
soaking them in a water bath under continuous isgefinally, after the removal of the salt

templates, 3D interconnected microporous PDMS speomgere formed (Fig. 1).

2.2.2. Surface modification of Sponge

To functionalize the surface of the 3D PDMS struesufor bacterial capturing, a multi-step protocol
was performed to bind ligands on the fabricatechgps. Initially, surface oxygen plasma treatment
was performed on PDMS sponge. To do so, the PDMfacgiwas first cleaned with isopropanol,
dried, and then treated with oxygen plasma for @ umder vacuum using plasma cleaner (Harrick,
Germany). Right after surface hydroxylation, thepkes were immersed in a freshly prepared 5 % v/
v solution of (3-Aminopropyl) triethoxysilane inhetnol, and incubated for 150 min at RT. The
samples were then washed gently with ethanol, car&® °C for 1 h, and sonicated in ethanol for 10
s to remove the physically adsorbed and unboundngBiopropyl) triethoxysilane molecules.
Rinsing with ethanol was again performed in thet séep and then the samples were blown dry with
a nitrogen stream. The obtained epoxide functiaedliPDMS structures were then stored in a sealed
container at room temperature until use. After azefmodification the sponges were functionalized
with 5 pg/ mL of ApoH protein (ApoH-Technologiesrafce) or 10 pg/ mL of antii.
monocytogenes antibody (Ab) (MAB8953, Abnova, Taiwan) depending the experiment. Two
hundred microliters of the solution were add toubet with the sponge, vortexed vigorously and
incubated overnight (ON) at 4 °C to allow the bimgdf the protein or the antibody to the sponge.
The sponge was then washed three times with PBBE (M NaCl, 12 mM Phosphate ( MOy

KH,PQy), 2.7 mM KCI, pH 7.4), and stored at 4 °C untiéus

2.2.3. Sponge characterization
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Different approaches were used to ensure the nsatlih of the PDMS sponge and the capturing of
the bacteria into the pores. Fourier Transformairgd Spectroscopy (FTIR) (VERTEX 80v vacuum,
Bruker) characterization was carried out on surfacglifies PDMS sponge to check the availability
of the functional groups over the surface of theepoof sponge. All the absorption spectra were
acquired from 500 to 4000 cwith 48 scans and resolution of 0.2t baseline-correction was

also performed prior to the analysis. To confirre #poxide modification of the PDMS, and the
binding of the ligand, a fluorescence detectiontlué ligand was performed. The sponge was
functionalized for 24 h with the antl-. monocytogenes antibody complexed with a secondary
antibody conjugate Atto-633 dissolved at a conegioin of 1 mg/ mL in PBS (pH 7.4). The

fluorescence of the bounded antibody over the PD&S monitored using inverted fluorescence

microscopy (Nikon Ti-E).

Scanning Electron Microscopy (SEM) studies werefquared on S. Typhimurium andL.
monocytogenes bonded on 3D PDMS sponge functionalized with Apmidtein. Prior to the SEM
studies, the sample was fixed according to thedst@hprotocol for cultured microorganisms with
slight modifications (Sousa et al. 2015). Brieftypure culture of target bacteria was added to the
sponge and fixed with 2.5 % glutaraldehyde solutarl h. After fixation, the sponges were washed
three times with mili-Q water and dehydrated labecubating the sponge at 37°C, until completely
dry. The dried sample was used for SEM imaging. $E& imaging was done with 5 - 10 KV beam

line (SEM, Quanta 650 FEI) under high vacuum coog.
2.24. Preparation of bacterial samplesand capturing on sponge

For all experiments performedl, monocytogenes (WDCM 00021) andS. Typhimurium (WDCM
00031) were used as reference strain. A freshreutras prepared adding an isolated colony to 4 mL
of Nutrient Broth (NB, Biokar Diagnostics S.A., ) and incubated ON at 37 °C. Ten-fold serial
dilution were performed in PBS to achieve the dkibacterial concentration. The bacterial
concentration spiked in each experiment was oldaliyeplating two dilution on Tryptic Soy Yeast
Extract Agar (TSYEA, Biokar Diagnostics S.A., Frahdor L. monocytogenes and Trypticase Soy
Agar (TSA, Biokar Diagnostics S.A., France) faalmonella spp. and incubated ON at 37 °C. A
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specially designed microfluidic device was fabmchtto incorporate the PDMS sponge with the
fluidic connections as presented in Fig. 2. Thetdyaa solution was flow through the sponge with
controlled flow rate of 10 pL/min. A washing steittw800 uL of PBS at the same flow rate was
performed to recover all bacteria cells unboundeithé sponge. The outlet solution was collected and
used for culture plate counting to confirm the @éncy of bacterial capturing in sponge. After the
sample solution passed through the sponge, DNAaetitin from sponge was performed for gPCR

analysis.

Detection by qPCR

To evaluate the ability of the device to concemttatmonocytogenes andSalmonella spp. cells, being
possible their detection by DNA amplification tecques, the DNA extraction directly from the

sponge was performed followed by gPCR reaction.

2.2.4.1. DNA extraction

After passing the bacterial cultures through theige and washing step, the PDMS sponge was
removed and transfer to a 2 mL tube to proceed th#gtDNA extraction, which was performed based
on Lysis-GUSCN method described by Kawasaki et Kdwasaki et al. 2005) with several
modifications. For this step the lysis was perfainairectly in the sponge adding 200 pL of an
enzymatic solution containing 1 mg/ mL of achronmutjlase and 20 mg/ mL of lysozyme in TE 2X
(20 mM Tris-HCI, 2 mM EDTA, pH 8) with 1.2 % of Tdn X-100 and vortexed vigorously. The
lysis was performed at 37C, during 30 min with constant agitation (1400 rpwijter incubation,
300 pL of a buffer with 4 M of Guanidine thiocya@aand 1 % of Tween 20, were added, and 400 pL
of this solution were transfer to a new tube canitgg 400 pL of 100 % isopropanol. The mixture was
vortexed and centrifuged at 16000 x g for 10 mime Pellet was washed with 75 % isopropanol and
resuspended in 160 pL of Mili-Q water and incubaed0 °C, 3 min. Finally, the DNA extract was

centrifuged 5 min at 16000 x g, to separate remgioellular debris.

2.24.2.gqPCR
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189 The gPCR reaction was performed using hydrolysibgs. The probes were designed to hybridize
190 with the specific fragment amplified by the respextprimers. The primers and probes used in this
191  study were designed to specifically detectmonocytogenes and Salmonella spp. and the use of a
192  non-competitive internal amplification control (NBC) was added to ensure the reliability of the
193  results, ruling out false negative results duestition inhibition, identified as no amplificatiohthe

194 NC-IAC.

195 The targeted genes chosen for the identificatioh. fionocytogenes and Salmonella spp. wereactA

196  andttr gene respectivelptr primers and probe used in these experiments wesigrd and evaluated

197 in a previous study (Garrido-Maestu et al. 2011}, those targetingctA were newly designed with

198  Primer3Plus (Untergasser et al. 2012), settingamplate the consensus sequence generated after the
199  alignment of the target sequences with CLC Sequ¥dmeeer (C L C Bio-Qiagen 2016). The gene
200 actA has been extensively used to deteanonocytogenes by gPCR (Cai et al. 2002; Coroneo et al.
201  2016; Oravcova, Kuchta, and Kaclikova 2007). Thevipedesigned primers and probe were
202  evaluated in terms of inclusivity and exclusivitgaanst the panel of microorganisms provided in
203  Supplementary material Table S1, and after confirmation of performance, the anyaiion efficiency

204 was also determined and presentefupplementary material Fig. Sl.

205 NC-IAC was previously designed and implemented escidbed in GarridoMaestu et al. 2019
206  (Garrido 'Maestu et al. 2019). The DNA sequence for the NC-ifas designed generating a random
207  sequence and then used as template for the prandrprobe design. All primers and probe sequence
208 and concentration used are showipplementary material Table S2. The reaction was performed in
209 a final volume of 20 puL and 3 pL of sample with L0pf TagMan™ Fast Advanced Master Mix
210  (ThermoFisher, USA) and 1 uL of NC-IAC DNA (926 ¢eg uL). The thermal profile used was the
211 recommended by the manufacturer for the fast farméth an optimized annealing/ extension
212 temperature. A step for UDG treatment at[50 for 2 min was first performed, followed by a hot-
213 start activation of the polymerase at9& during for 2 min, and 40 cycles of 98C for 1 s and 63

214 [1C for 20s.

215 2.25. Methodology evaluation
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To evaluate the capacity of the device with the FD§ponge to concentrate the bacteria, the capture
efficiency was obtained by plating the flow-througitovered from the device outlet. To determine

the concentration of bacteria released, seriatidilta were made in PBS and plated on COMPASS

and XLD for the isolation ofL. monocytogenes and Salmonella spp. respectively. The capture

efficiency was calculated using the following eqoiat
Capture efficiency (%) = (Nt - Ne)/ Nt x 100

Where Nt is the number of bacterial cells in theske, introduce in the device and Ne is the number
of uncaptured bacterial cells, recovered from tbe@ia@ outlet. Concentrations betweer-11° CFU

of each microorganism, in pure or in mix culturegre passed through the device containing the
sponge to determine the Limit of Detection (LoD)tbé methodology. In order to determine the
uncaptured bacteria the collected sample was wselDffold serial dilutions and each one was plated

and counted.
2.2.6. Real sampletesting

To ensure the reliability of the results, the diétecof L. monocytogenes and Salmonella spp. were
tested spiking stainless steel surfaces in ordrstathe applicability of the developed methodgliog
food industry with real sample. To contaminate shefaces, an ON culture prepared as describe in
methods 2.2.3, was diluted and® ILFU of a bacterial mixture was spread on the serfnd let dry

at room temperature. The bacteria were recover#a avcotton swab pre-moisturised in PBS with
0.01% of Tween 80, and re-suspended in 2 mL of BBSortexing. One mL of the solution was
passed through the device as specified in meth@8,2and DNA extraction from the sponge, and
downstream gPCR, were also performed as previodecribed in methods 2.2.4. The capture

efficiency was also determine.

3. Resultsand discussion

3.1. Sponge characterization for bacterial capturing

To confirm the epoxide modification on the PDMSfaoe, FTIR spectrum were taken and presented

in Fig. 3 a. The vibrational modes around 960, 108%d 1195 cit has been observed and are
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considered to arise from un-hydrolyzed ethoxy niesein APTES (-OCKCHs). The peaks indicate
presence of APTES resulting in layer of APTES dierPDMS surface. The peaks at 1045 'camd
1125 cm® are attributed to the presence of Si-O-Si and Sidieties, respectively. These peaks also
correspond to the thickness of the APTES adsorbhgdrlover the PDMS samples. A band of
absorbance appears between 2800 and 3000wdmith corresponds to the elongation of the CH bond
which is proportional to the quantity of carbonlied in the grafted molecules. The £&hd CH
groups appear towards 2900 and 2987'cifhe peak for —~NH arise near 1500 confirms thegmee

of APTES. The peak around 3300 ¢nhas been observed showing presence of -OH boeds i.
trapped water or moisture in the cured APTES firerahe PDMS sample. Peaks around 2900-3000

presents additional peaks for binding of ApoH ligan

To ensure proper surface modification of the spage the ligand binding, a Fluorescent dye Atto-
633 was used to allow the visualization of theridjan the surface. The Atto-633 is a red fluorescen
dye with an excitation and emission spectrum ogtina 633 nm and 657 nm, respectively. A bright
signal is obtain as the proof of attachment of dyelecules and presented that the surface

modification is not only on the surface but alssidie the sponge in cross section view (Fig. 3 H).c,

The SEM characterization of PDMS sponge is preseiiie Fig3, where Fig. 3e presents the
mesoporous morphology of PDMS sponge generated tduéhe sacrificing salt particles in
fabrication. This morphology shows various poresls@and big connected each other. Due to this
connectivity of porous structure PDMS sponge nokenany resistance for the flow of sample
solution. The Fig 3f presented the bacteria cagtane top and inner surface of the sponge and a
magnified view of the bacteria captured in PDMSrgmo(Fig.3g). With these SEM images it's been

observed that bacteria is been captured insidbdles of the sponges and other surfaces.

3.2.Simplex and multiplexed bacterial capturing with ApoH protein

3.21. Captureefficiency in simplex

The capacity of the sponge to retain the bactegb$ was evaluated testing two different bactdria,

monocytogenes as a Gram-positive, angalmonella spp. to test a Gram-negative. A control was
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performed to confirm that the bacteria capturinglg to the interaction with ligand and not a non-
specific capturing in the pores of the sponge. Withany functionalization of the sponge it was
observed a capture efficiency of 19.7 + 2.4, whasspd a bacteria concentration of CEU/mL into

the device. This result show some capturing inpities of the sponge, but the use of a ligand adlow
great improvement in the capture of the bacterfe flesults of the capture efficiency with sponges
functionalized with ApoH protein are presented able 1 and Fig. 4 a. passing a pure culture of each
bacteria separately into the device, the spongairedt a capture efficiency above 88.6 % and 78.6 %
for L. monocytogenes, and Salmonella spp., respectively. This results are comparabletters
obtained with concentration methodologies for pgémdetection (Fakruddin, Hossain, and Ahmed

2017; Li et al. 2019).
3.2.2. Captureefficiency in multiplex

A mixture with the two pathogens was also testatdi r@sults showed a capture efficiency around 70
% for both bacteria when tested in the range 6fQU with higher deviation fok. monocytogenes
(Table 1 and Fig. 4b). However an increase invhiae with lower deviation was noticed when using
a lower bacterial concentration (range of OFU). This fact may be due to the competition tiaxis
between the bacteria cells to bind to the ApoHegimoivhen higher concentration is used, as when the
capture efficiency for one pathogen increased, @edse was visible for the other one (data not

showed).

The deviation existing in the capture efficiencyvieen replicates can also be explained by the fact
that not all sponges have the same size, as thiagcwtas made manually and the porosity can also
vary between sponges. This will influence the cotregion of immobilized protein or antibody into

the sponge and also the capacity of the flow tefpate the sponge.
3.2.3. Comparison between ApoH and Ab functionalization

ApoH has the ability to bind to both, Gram-positimed Gram-negative, being a non-specific
targeting, allowing the concentration of differgr@thogens at the same time. To test if the results

provided by the use of this protein instead of ecfffr targeting is as efficient for bacterial cangt, a
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specific antik. monocytogenes antibody was used to compare the ability to captuis pathogen.
Two L. monocytogenes concentration 10and 16 CFU/mL were tested showing a capture efficiency
of 78.3% + 12.3 for IDCFU/mL and 76.8% + 4.1 for $0CFU/mL using the specific antibody.
Higher capture efficiency was observed using thetAprotein, being 88.6% + 10.4 and 88.8% % 0.5,
respectively. The comparison between these twerifit functionalization is represented in Fig. 4 c,

showing an advantage in using the non-targetecbappr

3.3.gPCR detection

The detection by gPCR was performed to evaluateeisponge methodology is compatible with this
type of DNA-based detection, and additionally ttowl the determination of the LoD of the full
methodology. The amplification results are presginmeTable 2 and Fig. 4 d. Bacteria concentration
below the range of £0CFU were not detectable by gPCR (data not shoWmik results agree with
the literature, being a limitation of the PCR (Sim&ray, and Cook 1996). F8almonella spp., the

10° CFU/ mL were achieved, however formonocytogenes, the lowest concentration which showed
amplification in all replicates were 1@FU/ mL, separately and in mixture. monocytogenes is
more difficult to lyse and for this reason a lowencentration of DNA is recovered from the sample
and resulting in lower LoD. A possibility to overoe the limitation of the gPCR reaction and
improve the sensitivity, is the addition of an ehrhent step to the methodology in order to reach a

detectable concentration of bacteria in the sample.
3.4. Spiked samples

Surface samples were inoculated to test the apiliiyaof the methodology to capture and detect
different pathogens at the same time in a real saspario in the food industry. A mixture of both
bacteria was spread on the surface, theed by tregspas the capture efficiency showed to be higher

than 96 % for both cases (Table 1 and Fig. 4 b).

Previous steps performed before the introductiothefsample into the device can result in loss of

bacteria. The sampling process from the surfacelandlution of bacteria retained in the swab ® th
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PBS solution is not 100 % efficient, leading toiacomplete loading into the device, of the initial
bacteria concentration spiked on the surface. f@siglts in a lower bacterial concentration passed a
retained in the sponge and increase the LoD whaltysing surface samples. Besides this fact, the
detectionL. monocytogenes and Salmonella spp. was successfully accomplished by qPCR fan bot

targets using a range of>lOFU bacteria cells.

4, Concluson

The results obtained in this study support the oséhe methodology for multiplex pathogen
detection, with a LoD between %00*, depending of the targeted pathogen, being corhearmith
other gPCR analysis results. This device showel bapture efficiency for both Gram positive and
negative bacteria, above 70 %, and showed highee v#sing the ApoH protein than the specific
anti- L. monocytogenes antibody (Figure 4c). The universal capturing éfincy of ApoH will reduce
the cost of using bacteria specific antibody foptaang. The use of the device allowed a
concentration of the bacteria and can be easiljianag in the food industry for surface analysigst
important to note that pre-treatment step of badtexnrichment were excluded, and the pre-
concentration with the functionalized 3D PDMS spwnicreased the analysis sensitivity.
Additionally, the combination with qPCR offered gteonvenience for fast screening of multiplexed
pathogen on-site. To conclude, this methodologyasgnts a real advantage giving the possibility of
full integration in a lab-on-ship system, as the ADNxtraction and amplification step can be

incorporated in a miniaturized devices, allowing #utomatization of the analysis.
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Fig. 3: (A) Fourier Transform Infrared Spectroscopy (FTBpectra for different stages of surface
modification (B) An optical image of the sponge dref fluorescence imaging (C) Fluorescent image
of PDMS sponge after surface modification (D) assreection view of the PDMS sponge to confirm
the surface modification inside sponge pores. SHiracterization of PDMS sponge is presented
after bacterial capturing (E) bare PDMS Sponge wi#mesoporous morphology (F) sponge surface
afterL. monocytogenes capturing (G) magnified view of bacteria on sposgdace.
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Tablel

Table 1 - Capturing efficiency in pure and mixed culturghe sponge, functionalized with ApoH

protein
Bacteria Pure culture Mixed culture Surface
concentration 10° 1¢* 10° 10° 10° 10°
L.monocytogenes | 92.3+0.1 88.6+104 88.8 *05 726+129 9BI8 |99.7+£0.3
S Typhimurium | 78.6 £+10.3 90.5+3.0 83.8+30 709+29 9725 |964+25
Capture efficiency is expressed as % and the balctencentration in CFU/ mL
Table2
Table2 — gPCR results
ApoH Ab
Separately In mixture Surface Separately
¢ 100 100 10 10 10° 1¢° 10°
L. monocytogenes + + -* + - + + -
S Typhimurium  + + + + + +

Result consider positive when both technical repii@amplified

*1 in 4 samples showed amplification

Bacteria concentration in the range of CFU/mL
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Supplementary Information

Supplementary material

Table S1. Strain list and multiplex qPCR results &mtA genes

Bacterium Source N actA
L. monocytogenes WDCMO00021 1 +
L. monocytogenes Food 17 +
L. ivanovii WDCMO00018 1 -

L innocua WDCMO00017, CECT 5376, 4030;6 -

CUP 1141, 1325, 2110

E. faecalis WDCMO00009 1 -

C. coli UM 1 -

E. coli WDCMO00013 1 -
Salmonella spp. Food 14 -

Evaluation of the inclusivity and exclusivity ofelgPCR reaction usirggtA primers in simplex. All L.
monocytogenes strains were correctly identified alidhon-target bacteria were not detected in the
reaction.

N: number of strains;
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Table S2- Primers and probes used

Sequence 5’-3’ Concentration used

actA F TTAAGACTTGCTTTGCCAGAGAC
200 nM

actA R GGTGGTGGAAATTCGAATGAGC

actA P SYSAATGCTCCT ™ GCTACATCGGAACCGA

IAbRQSP 150 nM
ttr F GGCTAATTTAACCCGTCGTCAG
200 nM
ttr R GTTTCGCCACATCACGGTAGC
ttr P NEDAAGTCGGTCTCGCCGTCGGTECEEN 150 nM

NC-IACF TTAAGACTTGCTTTGCCAGAGAC

NC-IACR GGTGGTGGAAATTCGAATGAGC
100nM

NC-IACP Y"AGT GGC GGT“t™ GAC ACT GTT GAC CT
IABKFQ

YY (Yakima Yellow), IAbRQSp and IABKFQ (lowa BlalkQ and RQ-Sp), ZEN and

TAO (secondary, internal quencher) are trademada 1DT.

480
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Cq 40-
354
Y =-3.490 + 22.85
R?=0.998
Eff: 93.4 %
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481

482  Fig. S1: gPCR amplification efficiency of L. monocytogenesrgeting actA and NC-IAC
483  simultaneously. Curve was obtained by three rejggaf ten-fold serial dilutions of a pure DNA
484  extract.

Page 23 of 23



Highlights

* A mesoporous PDM S sponge is used for multiplexed foodborne pathogen capturing.
» Universal binding ligand (Apo-H) is used for multiplexed bacterial capturing.
» Comparisons of bacteria capturing efficiency against slandered Antibody using gPCR.
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