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Abstract

A gap in biosensor development is the ability ta@nand detect targets in large sample
volumes in a complex matrix. To bridge this gapr goal in this work is to propose a
practical strategy, termed as checkpoint-stylecannent, for rapid enrichment of the target
bacteria from large volume of food samples withtipatates and evaluate its enrichment and
improvement in detection. The checkpoint-style @mment was conducted with antibody
modified polyethylene terephthalate (PET) pads agture substrates. In our approach,
blended lettuce sample cocktail was circulatedughocantibody modified PET pads such as a
checkpoint in the sample solution pathway, whergetapathogens were selectively captured
with immobilized antibodies. The obtained PET patith the captured target pathogens were
then used for enhanced detection by colorimetryrefmler the checkpoint-style enrichment
approach practical and applicable for on-site ragitteening tests, only a simple
syringe-based setup with antibody modified PET wad required. The developed method
could process up to 50 ml of lettuce cocktail beshdrom 5g samples and purposefully
inoculated withe. coli O157:H7. Overall, the enrichment method develaeedired only 40
min of sample processing time. After enrichmentioasas 100 CFU/ml oE. coli O157:H7
could be detected by a simple colorimetric proceddue to the enhancement from the
proposed checkpoint-style enrichment in the preseoc ~3000 CFU/ml of non-target
bacteria. A linear response was obtained from btarf00000 CFU/ml of E. coli O157:H7 in
blended lettuce samples. The conceptualized apiprdamonstrates a promising means to
improve the detection of target bacteria with ahhilggree of sensitivity and specificity and

could be used in low resourse settings.
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Introduction

Contamination of pathogenic bacteria is one of tiggor threats to the public health
sector. The presence of pathogens in food coulénpatly lead to serious illness, and
ultimately to death. For instanck, coli O157:H7 and the corresponding Shiga toxin could
induce mild diarrhea to deadly hemorrhagic coldisng with symptoms comprising of
thrombotic thrombocytopenic purpurea and bloodyrtiea [1, 2] resulting in mortality rates
as high as 40% [3]. The presence of ultra-low kel live bacteria in food samples can
render the food hazardous. Hence, regulatory reopgnts call for zero tolerance on
pathogens, requiring detection techniques thasamnsitive. Most sensing technologies have
limitations when testing real food samples. Fortanse, PCR-based pathogen detection
could offer extremely high sensitivity and good @peity but requires sample preparation
and trained personnel. [4-6] In contrast, colorimeestrategies are usually rapid, simple,
cost-effective and practical, however the unsatisfy sensitivity makes them less desirable
for monitoring pathogens in low numbers.[7-9] Altilyln several detection strategies have
been reported [10-18], the challenge to balancectien performance, simplicity of the
method, detection time, sensitivity and specificfythe methods.

In food safety monitoring the target pathogensadren present in low numbers in large
volume of food samples, necessitating an enrichnségp. Basic steps involved in food
matrix pretreatment include culturing, filtratioand concentration with nano/micro beads.

Culturing is often used to increase the numberaatdria in food samples and usually takes a
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long time, lasting from 8 to 48 hours [19-22], Itmg its usage in rapid food safety
monitoring. However, since the number of bactearialuding the non-target, could increase
during culturing to potentially influence subsequeetection steps, additional steps were
necessary to specifically enrich the target bagtéviagnetic nanostructures have been used
for selective concentration of target bacteria rafteodification with the corresponding
antibody.[23-26] An external magnet could concdstithe target bacteria in food samples,
making it fit for on-site screening. It should beted that the magnetic force required to
extract the target greatly reduces with distanoenfthe capture magnetic particles to the
external magnet, thus only a limited volume of sk®gould be processed by this method. It
should be noted that nonspecific binding of foodtipalates and food constituents in the
sample could also influence the magnetic nanopestiased enrichment. Filtration is another
commonly used method[27-30], which could non-salett concentrate bacteria from large
volume of food matrices in a short operation peridtl, 32]. However, it is clear that the
particulates in food matrices which are larger thi@nsize of bacteria would also be trapped
to interfere with the isolation of target pathogeAsselective pretreatment strategy suitable
for processing large volume of food matrices it shisive.

Utilizing antibodies, selective enrichment of sfiecpathogens could be achieved. But
for ideal enrichment, the key factor is to increttse rate of collision between antibody and
target pathogens. Based on this principle, a giyattermed as net fishing utilizing antibody
modified porous nitrocellulose (NC) membranes Wilge surface area-to-volume ratio as
capture substrates for selective pathogen enrichmas adopted.[33] During the enrichment,

the modified NC membrane was immersed in the sasglidion like a net for the capture of
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targetE. coli O157:H7. However, the NC membrane net could omrigture the bacteria
proximal to it as determined by the diffusion afgiet bacteria, thus the enrichment required a
capture time of 2 hours to process 10 ml of liggamples. Limited by the size and
corresponding surface area of the nitrocellulosenbranes, the net fishing approach is not
ideal for rapid processing large sample volumesshilliconsidered an improvement over the
existing methods.

To achieve better enrichment, the key is to bring target bacteria to the antibody
conjugated on capture substrates. In this workamdrand selective capture & coli
0157:H7 on porous polyethylene terephthalate (PgEads modified with corresponding
antibodies was achieved in large volume of samples. antibody-modified PET pad was
rolled up and loaded in a tube through which samgl@ution was driven by a syringe.
During enrichment, the sample solution was ciradawith the syringe and the modified PET
pad in the solution pathway acted as a checkpalihthe components in the sample will pass
through the modified PET pad and the target baciarthe sample would be captured by the
antibodies on the pad. The increase in the numberaulation through the PET pads could
increase the probability of contact between tafggatteria and antibody and hence better
enrichment of the targets. With a high flow rate8e10 ml/min, the proposed enrichment
strategy could process large volume liquid sampla short time; while the large interspaces
of the PET pad would reduce the adherence of ngettanaterials in the samples, making
this method more suitable for handling complex feagnples. Compared to our previous
diffusion-based net fishing method which requiredh@urs for enrichment in diluted

pineapple juice which is not as complex as bleridédce, the current design could enrich
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bacteria within 40 min from complex particulate gd@s such as blended lettuce.
Furthermore, our checkpoint-style method could esscliquid samples up to 50 ml
compared to the previous net fishing method (handildy ~10 ml), which is a significant
improvement over existing enrichment methods theat be integrated with the sensing
module. The developed checkpoint-style enrichmeodute has the ability to process
volumes as large as 50 ml of particulate samplekess than 40 minutes with a simple
syringe-driven approach assisted by colorimetrgatect as low as 100 CFU/ml Bf coli
0157:H7 in lettuce samples. In contrast, the previnet fishing enrichment methodology
takes 2 hours to process a 10 ml of pineapple juagetect 400 CFU/ml of target bacteria
with colorimetric reporting. The advancement iniemment time, ability to process matrices
in larger volume with particulates, and enhancenoenthe colorimetric signal demonstrates
the novelty and significant advances of the chekpgiyle enrichment which considers
sample complexity, sample volume, detection seriitiand detection time. Furthermore,
the proposed method requires no extra instrumepower supply, and is small enough to be
portable, indicating the potential for not only site use but also its utility in low-resourse
settings. Its capability to collect a low numbertafget bacteria from large volume complex
samples in a rapid and simple procedure paves dlyefov practical implementation not only
for food safety assessment, but also in environahdrgtalth, and medical diagnostics.
Experimental section
Chemicals

Sodium citrate, casein (sodium salt type) and HAuKH,O were obtained from Sigma

(St. Louis, MO). Polyclonal antibody from goat awdiE. coli O157:H7 (catalog number:
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01-05-90) and positive contrél. coli O157:H7 (catalog number: 50-95-90) were purchased
from KPL (Gaithersburg, MD). NaOH was obtained fromMallinckrodt Chemicals
(Phillipsburg, NJ). Sulfo-NHS-LC-Biotin and streptdin Poly-horseradish peroxidase (HRP)
were purchased from Pierce (Rockford, ILy}Jdwas obtained from Macron Fine Chemicals
(Center Valley, PA). Ethanol (200 proof) was boufygbtn Decon Labs, Inc. (King of Prussia,
PA). Tetramethyl benzidine (TMB) was purchased from Mdss. (Pasadena, MD). PET
pads (6613) were obtained from Ahlstrom (Holly &gd, PA). LB agar media was obtained
from TEKNOVA (Hollister, CA). Biotin-labeled antilsty from mouse against goat (catalog
number: 31730) and and LB broth was obtained frashd¥ Scientific (Waltha, MA). The
reagents were used as received. Glasswares usedimwarersed in fresh aqua regia and
washed with DI water.
PET pad modification

The modification of PET pad was performed basedhenreported method with slight
modification.[34, 35] Briefly, PET pads at 1.1 ¢ cm were immersed in 50 ml of 1:1 DI
water/ethanol mixture with 0.24 g NaOH and the sofuwas kept in 60C water bath
overnight. From the solution, 10 ml of solvent wamoved and 10 ml of 30%.8, was
added, then the solution with PET pads was gehtiken and kept in 6XC water bath for 5
hours. The obtained PET pads were washed with Beérnatimes and immersed in 5.7 ml of
10 mM MES buffer (pH=4.7). Then 0.3 ml of 400 mM E€Dn MES buffer was added and
the solution was gently shaken for 1 hour at roemgerature, and @l of 1 mg/ml antik.
coli O157:H7 antibody was then added. The chemicaltiomaprocess of the modification

was discussed in the works from Boxus et al. andll€het al..[34-36] Briefly, the PET
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polymer chain was broken by hydrolysis with the iadd of NaOH to generate
hydroxymethyl groups. The obtained hydroxymethybups were oxidized by @, to
carboxyl groups, to which antibodies could be cgajed by EDC reaction. The PET pads
were kept in the solution of antibody in MES buffeith EDC under shaking conditions for
24 hours and then washed with 10 mM PBS buffer (pB)=6 times. The obtained PET pads
were immersed in 0.5% casein in 10 mM PBS buffdr’& until further use.
Gold nanoparticle (GNP) probes preparation

GNPs used as probes were synthesized based orothédowFrens.[37] Briefly, 1 ml of
1% HAuUCl, *xH,O was added to 100 ml of DI water and heated tdingpiWith strong
stirring, 0.5 ml of 1% sodium citrate was quickhjacted. The color of the solution changed
from colorless to red in a few minutes. After baglifor 15 more minutes, the obtained GNPs
were cooled down to room temperature and stord8Cafor subsequent experiments.

Modification of the GNP probes was performed basedur previous works.[12, 13, 33]
To 1 ml of GNP solution, 10Ql of 10 mM PB buffer (pH=7.4) was added, followed b
injection of 2ul 0.5 M Na2CO3. After mixing well, 1@l of 1 mg/ml antikE. coli O157:H7
antibody was added. The obtained solution was ygesilaken for 4 hours at room
temperature. Then 110 of 5% casein in 10 mM PB was added and the mixiuas shaken
for two hours. The resulting GNPs were centrifuged washed with 1 ml of 10 mM PBS
two times. Then GNPs were redispersed in 1 ml of di® PBS and 10ug of
Sulfo-NHS-LC-Biotin was added. The mixture was feshaken for 1 hour and mixed with
100 ul of 5% casein in 10 mM PB. After 1 hour of shakirige modified GNPs were

centrifuged and washed with 10 mM PBS two timese Tbtained GNP probes were
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redispersed in 100l of 5% casein in 10 mM PBS and kept & 4ntil use. Characterization
of the GNP probes is provided in the Supportingimfation and Reference 13.
Pathogen enrichment from lettuce sample

Briefly, 25 g of lettuce purchased from a localrstwas blended with 225 ml of 10 mM
PBS for 1 min. The obtained mixture was filtered remove the large solid lettuce
particulates to prevent blockage of modified PETgaSerial concentrations &. coli
0157:H7 were then purposefully added and the sampkre processed by the proposed
checkpoint-style enrichment.

To collectE. coli 0157:H7, the modified PET pad was rolled up aradiéal into a rubber
tube, which was linked to a 60 ml syringe (as iheé3we 1A). The tube was immersed in 50
ml of the sample. The sample solution was circdlatgh the syringe through the pad roll.
The pad roll was then removed from the tube ansedrwith DI water.

Evaluation of capture efficiency of the proposed enrichment

Following a classic procedure, plate count was queréd to evaluate the capture
efficiency of the proposed enrichment. As showrrigure S1, results indicated that in the
processed lettuce sample, approximately 3280+230/@Fof non-target pathogens were
present before inoculation of target pathogen, Wwhitfluenced the overall plate count
determination of the targ& coli O157:H7. Capture efficiency was assessed with &awed
lettuce samples, which were then inoculated withigeia E. coli O157:H7. The
checkpoint-style enrichment was performed with theculated lettuce samples and the
concentration of target bacteria left in the samplas determined by plate count. For plate

count, 100ul of the inoculated lettuce samples after the démnient with the optimized



10

11

12

13

14

15

16

17

18

19

20

21

22

circulation times was spread on agar surface andbmted at 37C for 24 hours. The
concentration of target bacteria in the samplefiout the proposed enrichment was also
tested (control). The difference in concentratidrthe targetE. coli O157:H7 between the
enriched samples and control were the capture@bact
Colorimetric detection of E. coli O157:H7 with PET pads

After processing samples by the syringe-driven @ggh, the modified PET pad was
taken out from the rubber tube and unrolled. Tlenexcess moisture in the pad was drained
off with a tissue. The pad was next immersed inndl.®f 10 mM PBS, followed by a 10 min
sonication step to remove the non-target matefral® lettuce. After rinsing, the pad was
immersed in 47l of GNP probe solution (GNP probe stock solutiomed with 1% tween
20 in 0.5% casein in 10 mM PBS, well mixed withipegpte before use) and incubated for 10
min. The interaction between GNP probes and maifET pads was checked based on the
absorbance at 450 nm in the UV-vis spectra of tiNP Grobe solution before and after
incubation. The results were included in Supportiffgrmation. After the rinse and dry steps,
475 ul of HRP solution (1Qug/ml mixed with 1% tween 20 in 0.5% casein in 10 rRES,
well mixed with a pipette before use) was added iandbated for 10 min. The pads were
then rinsed and dried 3 times. To the pads, 1 riMB dilution (200ul of TMB mixed with
800ul 10 mM PBS) was added. After 30 min of incubatithe UV-vis spectra were recorded
with a Thermo Scientific Nanodrop One spectromatet the absorbance at 650 nm was used
to determine the concentrationtfcoli O157:H7 in the samples.
Results and discussion

The basic concept of the proposed checkpoint-gtyteehment is provided in Scheme 1.

10
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The NaOH and kD, treated PET pads were conjugated with antibodies. modified pads
were then rolled and loaded into a rubber tubeelinto a 50 ml syringe as shown in the inset
photo in Scheme 1A. The syringe was then usedite @il the sample solution through the
antibody modified PET pad with large interspacespposite directions. The operation of the
proposed enrichment and corresponding circulatiosotution is shown in Scheme 1B. It
should be noted that the modified PET pad was lbad¢he far end of the rubber tube which
was connected to the syringe to occupy the entoresesection of the solution pathway in the
rubber tube. Since all the sample solution passesugh the rubber tube driven by the
syringe, the antibody modified PET pad roll in tiidber tube acts as a checkpoint because
all the sample solution has to pass through the |PAIT In this approach, the target bacteria
will be captured on the pad due to antibody spatyfiwhile other non-target materials will
pass due to the large interspaces of the PET gaalcifculation of sample solution through
the modified PET pad would increase the probabditgontact between target bacteria and
the conjugated antibody for better enrichment; mdule, the large interspaces and the flow
of sample solution in opposite direction would fesm minimal influence of other
components and particulates in the food matrix.

To confirm antibody modification of the PET padse tmodified pad was reacted with
HRP conjugated anti-goat antibody shown as thet insEigure 1. After washing, the pads
were immersed in the substrate for TMB reactiorueBtolor was generated in the solution
and on the pads which were modified with dhtieoli O157:H7 antibody. Figure 1 shows
photos of the pads with and without antibody madifion and UV-vis spectra from the
corresponding solution. It can be seen that the paatlified with antibodies exhibited a clear

11
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blue color, while the pads without antibodies mdi the original color of the pad. The
UV-vis spectra showed a distinct peak from the ematyc reaction with the antibody

modified pads. In contrast, no distinct peak waseoled from the pads without antibodies.
Results in Figure 1 clearly establishes the madtifos of antibodies on the PET pad.

To investigate the capture efficiency of the praabsheckpoint-style enrichment in
complex food matrices, blended lettuce cocktails \warposefully inoculated with target
coli O157:H7. Lettuce was used as a model food systederwnstrate the methodology in
complex matrices, where the blocking from non-targaterials, the viscosity of the blended
cocktail and the influence of the activity of cag@antibody will challenge the enrichment as
one might expect when processing real sampleanitoe inferred that the capture efficiency
would relate to the flow speed through the antiboahdified PET pads which determines the
reaction time of capture. The proposed checkpadyhesstrategy was operated with a
hand-driven syringe, where the solid non-targetipaate materials in food samples could
block the interspaces of the antibody modified Riads, potentially affecting the flow as
determined by the nature of food samples. Thus,hard to precisely control the flow speed
of the blended lettuce during the proposed enrictimBEhe checkpoint-style enrichment in
this work was performed at the highest possiblee@p@-10 ml/min). To determine the
number of captured targ& coli O157:H7, plate count was performed with samplésr af
enrichment for different circulation times (the putt after the first pass from the tube is used
as input). Capture efficiency was calculated iratieh to the concentration of the control
samples. It should be noted that in the un-inoedldettuce samples, around 3280+230
CFU/ml of non-target colonies were found as showrrigure S1. Therefore, during plate

12
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count the liquid lettuce samples were autoclavedxidude influence from these non-target
colonies present in the original lettuce. Then sheples were inoculated with lie coli
0157:H7 at an average final concentration of 81€F2J/ml in 50 ml lettuce solution
samples. Figure 2 shows the estimated captureaegffig with respect to circulation times
during enrichment. The concentrations of targetha treated and control samples was
determined by plate count and normalized with respe the initial concentration. The
capture efficiency (CE) was calculated as:
CE = (GontrorCeheckpoint-style enrichmedCeontrob
where  Gheckpoint-style enrichmentS the concentration of target bacteria in the am after
different circulation times, while the 6o IS the concentration of control samples tested at
the same time after the corresponding circulatibrtan be seen that after the very first
circulation, on an average a 36.4% capture effayjewas achieved, suggesting that fresh
PET pads with antibody modified surface unblockgdnbn-target materials could offer a
significant enrichment from 50 ml of lettuce sangplé/ith more number of circulations, the
capture efficiency increased though not as mudhatsrom the first circulation, which could
be attributed to the accumulation of non-targetemals from food samples on antibody
modified PET pads. It should be noted that whenstraples were circulated 4 - 6 times the
increase in capture efficiency was not as signiicasuggesting an interference from
non-target particulates trapped on PET pads. Aesponding change in the color of antibody
modified PET pads, from white to light green wasseived as an indicator of the
accumulation of solid particulates from lettuce péas onto the PET pads.

The proposed checkpoint-style enrichment approaels wsed for enrichment as a

13
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pre-detection step integrated with the detectiornt. urirst, the target bacteria at low
concentration in the original food matrix were centtated to achieve higher detection
sensitivity. Second, our approach separated tlgettdracteria from most of the non-target
materials in the food sample with minimal interfeze from these materials at the detection
step. However, some accumulation of non-target maddéeon the PET pads after enrichment
was noted. To investigate the detection performamitie the target-enriched PET pads, an
enhanced colorimetric detection method was camwigd As shown in Figure 3A, antibody
modified GNPs were labeled on the captured targetenia and then linked to HRP to
provide a colorimetric signal from an enzyme-anigtifreaction. In colorimetric detection,
the attached particulates would also affect the @dbe labeling and HRP conjugation.
Compared to our former net fishing enrichment w884 the proposed checkpoint-style
enrichment is fundamentally different because tygwre mechanism is different. Further, a
significant decrease in sample processing timerongment in detection sensitivity and
increased sample throughput with significant comipfewas demonstrated. Different from
the plate count, the lettuce samples used in thenbowed checkpoint-style
enrichment-colorimetric detection procedure weré autoclaved, thus the influence of the
non-target bacteria in the original lettuce samplas also included.

To study the effect of circulation on the colorimetetection of target bacteria, results
from non-autoclaved blank lettuce samples and sesnpitentionally inoculated with 100
CFU/ml of target bacteria were collected at diffégreirculation times. The adsorption at 650
nm in the UV-vis spectra from the generated coletim product from TMB reaction was
used as the colorimetric signal. From Figure 3Bait be seen that with different circulation

14
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times a stronger absorbance at 650 nm was noted tihe processed samples with 100
CFU/ml of the target, compared to that from blamkoreover, when the number of
circulations increased from 1 to 3 times, a sigatfit increase in absorbance at 650 nm was
noted in the samples with 100 CFU/mI of target &éaat which is consistent with the capture
efficiency results shown in Figure 2. The non-zgignals from blank with serial circulation
times could be assigned to the non-specific bindinGNP probes and HRP on the modified
PET pads. When circulated six times, the signainfrolank and 100 CFU/ml samples
decrease significantly compared to the results wittime circulation, which could be
attributed to the influence of the accumulatiomoh-target components on the PET pads.

To demonstrate the improvement due to enrichmerdolorimetric detection, signals
from the pads when the sample was circulated 4stiamel those simply immersed in sample
solution were compared, and the results are asrsimwigure 3C. The incubation time of 40
minutes for the pads immersed in the sample seolutias similar to the 4-time circulation
process which also took ~40 minutes. It can be segnby simply immersing the antibody
modified pads in the sample solution no significdifterence in the signal was observed
between the signals from the blank and 100 CFUamides. While the proposed enrichment
resulted in a marked increase in signals from 1B0/@ samples, establishing an improved
detection sensitivity. Furthermore, considering theesence of 3280+230 CFU/ml of
non-target pathogens in the lettuce sample, theeasth detection of 100 CFU/ni. coli
0157:H7 in the food samples suggested that theclamgnt combined with colorimetric
detection could be used to enrich and specificadliect targets in a large volume of food
matrix.

15
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After enrichment, the materials adhered on the P&ds could affect the colorimetric
signal generation at the detection step. To unaedsthis effect, different durations of
sonication to remove the attached non-target nad$efiom PET pads were performed after
capture and the corresponding results are showgure 4A. It can be seen that 10 minutes
of sonication yielded the best sensitivity to detd@0 CFU/ml of the target. This shows that
with sonication the interference from other compusaén the food matrix could be reduced
to detect 100 CFU/mI dE. coli O157:H7. It is noted that longer sonication coukbaesult
in the detachment of the captured target bacteria.

Non-specific binding of GNP probes and HRP coulituence detection sensitivity. To
further query our enrichment approach, the effécdazumulated non-target components on
the PET pad was examined for non-specific bindifige comparison of results from with and
without blocking of the PET pads with casein anddw 20 are shown in Figure 4B. It can be
seen that the signals from detection without blloglare stronger than that with tween 20 and
casein. Meanwhile, without tween 20 and casein, ilamk samples provided a slightly
stronger signal than that from 100 CFU/ml, indicgtithe influence from non-specific
binding of GNP probes and HRP on the PET pads.réauits suggested that the attachment
of non-target materials present in food samples maty reduce non-specific binding of
probes and HRP and further blocking with caseintarggn 20 is necessary for detection.

With the optimized checkpoint-style enrichment acwlorimetric signal generation
conditions, including circulation times of samplelution in the enrichment system,
sonication time, blocking agents and other detactionditions, the proposed enrichment
could assist in the differentiation of 100 CFU/nflE& coli O157:H7 in lettuce from blank

16



10

11

12

13

14

15

16

17

18

19

20

21

22

samples based on the absorbance in UV-vis spedthaanp-value of 0.048. With these
optimized conditions, lettuce samples inoculatethwserial concentrations of bacteria were
processed and testethe colorimetric signal change ‘S’ with respect to centration is given
by,

S = (I-b)/lo,
where | is the absorbance at 650 nm from the pes#amples and Is the absorbance at 650
nm from blank samples. The detection results obthare shown in Figure 5. Results show
that as low as 100 CFU/ml @&. coli O157:H7 could be recognized in lettuce samples
compared to blank. The S value increased with déime@ntration of target bacteria from blank
to 10000 CFU/ml, suggesting the potential for gifiation. Meanwhile, it should be noted
that the increase in S from 10,000 CFU/ml to 100,@FU/ml is not as apparent (from
1.16+0.14 at 10,000 CFU/ml to 1.33£0.24 at 100,66W/ml) as that in the concentration of
pathogen less than 10,000 CFU/ml (from O of blamk.16+0.14 at 10,000 CFU/ml), which
could be attributed to the saturated status oPtE pads.

The specificity of the proposed checkpoint-styleidmment with colorimetric detection
was evaluated and the results were shown in Figutdtilizing the same enrichment and
detection procedure, 1000 CFU/mI &flmonella typhimurium, Listeria monocytogenes and
non-pathogenice. coli DH5-alpha in 50 ml lettuce samples did not give a significan
colorimetric response compared with 100 CFU/mlafetE. coli O157:H7. The obvious
difference in colorimetric response from targettbda and non-target bacteria indicated
excellent specificity of our enrichment approaabngl with the colorimetric detection.
Conclusion

17
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A simple enrichment strategy was proposed to setdgtand rapidly concentrate target
pathogens from a large volume of food samples. Sdraple solution was passed through
antibody modified PET pads by repeated circulati@amsl the target bacteria were captured
by antibodies immobilized onto the pads. The PEdsdaave larger size interspaces and the
sample solution was circulated through the padspiposite direction. Thus, the amount of
non-target components adhering to the pads is nueim facilitating efficient enrichment.
The proposed strategy does not require complexum&ntion, and can be utilized for on-site
monitoring of pathogens in food samples. An excelEapture efficiency was demonstrated
based on plate count with serial circulations ofmgke solution through the antibody
modified PET padsWith a 40-minute enrichment, as & 100 CFU/ml oE. coli O157:H7
could be detected in 50 ml of blended lettuce sampiontaining ~3000 CFU/ml of
non-target bacteria. A possible influence from #wveumulated non-target materials in the
checkpoint-style enrichment from food samples t@ ttietection protocol was also
investigated. The proposed checkpoint-style methas found to be effective, selective and
rapid to process large sample volumes (>50 ml).cétpability to process complex food
samples exhibited the potential for routine scnegrof pathogens in food matrices. More
importantly, the proposed enrichment module hasvdrsatility to be combined with other
analytical tools for enhanced diagnostics.
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Captions

Scheme 1. Concept of the proposed checkpoint-style pre-camagon method (A), images
of circulation driven by a 50 ml syringe (B).

Figure 1. Characterization of ant coli O157:H7 antibody modification on PET pads by
HRP-conjugated secondary antibody with images avtais spectra. The inset illustrates the
label of antik. coli 0157:H7 antibody with HRP-conjugated secondaribadiy.

Figure 2. Capture efficiency ofE. coli O157:H7 in lettuce samples with respect to circoia
times during checkpoint-style enrichment.

Figure 3. Schematic of colorimetric determination based adspwith captured targét coli
0157:H7 after enrichment (A). Colorimetric signflsm blank and 100 CFU/ml of lettuce
samples at different circulation times (B), and panison between 4-time circulation and
simple incubation of modified PET pads in sampletsan (C).

Figure 4. Absorbance at 650 nm from blank and 100 CFU/mlatfute samples with
different sonication time (A) and labeling soluti(B).

Figure 5. Colorimetric response of the proportional concaindn of E. coli O157:H7 in 50
ml of lettuce samples.

Figure 6. Colorimetric response assisted with checkpoinestyrichment from 100 CFU/ml
of E. coli O157:H7 (A), 1000 CFU/mI ofalmonella typhimurium (B), 1000 CFU/mI of
Listeria monocytogenes, and 1000 CFU/mI of non-pathogeriiccoli DH5-alpha in 50 ml of

lettuce samples.
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Technology for enrichment and detection of E. coli O157:H7 in complex food
samples

Enrichment of pathogensin alarge volume of up to 50 ml of food samplesin 40 min
Detection of E. coli O157:H7 in blended lettuce cocktail at 100 CFU/ml based on
absorbance from UV-vis spectra

On-site monitoring of infectious pathogens for food safety, disease monitoring and

environmental health
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