CRISPR/Cas cell-free sensors for rapid detection of pathogenic Escherichia coli,
Salmonella enterica, and Listeria monocytogenes in complex food and

DEVLCOM environmental samples
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PROBLEM RESULTS

» Consumption of food and waterborne pathogens is a significant hazard to military personal and civilians

« Standard testing methods such as culture counting and PCR require long wait times (24-48 hrs), expert personnel,
and centralized labs

+ Cell-free sensor systems freeze dried in tubes can enable rapid, portable, sensitive, low-cost, and easy-to-use

diagnostics that overcome these limitations
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« Prior work demonstrates detection of Zika [1] and malaria [2] from clinical samples on paper-based sensors using EC aRNAT (culmi) Negaiwe OISTHI Off Of2IH13 OIOSHI OXHII OH5HZ OMS
CRISPR/Cas-based Specific High-Sensitivity Enzymatic Reporter UnLOCKing (SHERLOCK) . - . h )
: : . e uorescent response for stx1 assay. £. coli O157:H7 diluted in 50 m -
Fl t resp for stx1 y. E. coli O157:H7 diluted in 50 mL Designed system can detected two different shiga toxin producing sequences (stx-1 and
» Unfortunately, complex food samples contain acids, fats, carbohydrates, and debris that inhibit these assay test water, concentrated with MBL magnetic beads, followed by stx-2) to identify seven unique pathogenic strains of £ coli.
chemistries and reduce diagnostic performance simultaneous RPA and SHERLOCK in microwell. The LOD is 1

. . . . . . . CFU/mL or 50 bacteria in 50 mL.
« Prior work demonstrates isolation/concentration of numerous pathogen species (S. aureus, E. coli, P. aeruginosa, o orshbadtena A M

etc.) from clinical samples [3-5] using magnetic beads coated with mannose-binding (MBL)

« This study demonstrates non-specific pathogen isolation/concentration using MBL-conjugated magnetic beads with
highly specific DNA molecule cell-free paper sensors (SHERLOCK) for detection of common food pathogens: shiga
toxin producing Escherichia coli, Salmonella enterica, and Listeria monocytogenes in complex food and water

Heat treated matrix with filter capture
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Mannose Binding Lectin (MBL) - coated Step 1- E. coli are captured Step 2 - DNA extraction Fluorescent response for 10* cfu/mL S. enterica diluted in 1 mL of sample, The 2- pot CRISPR assay for L. monocytogenes detection using synthetic DNA target. It
magnetic beads and E. coli from sample by beads using heat or chemicallysis concentrated with a PES filter. The sample was incubated with EGTA and was shown to be sensitive
) DTT at 95°C for five minutes. The matrices were down to 4.2aM/uL of target with clear signal differentiation by 30 minutes. The endpoint
.’\\\. then flown through PES membranes and run in an RPA-CRISPR reaction. was taken at 120 minutes.
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[/ « Limit of detection is 1 CFU/mL in 2 hrs for E. coli O157:H7 in test water standard demonstrating high potential for
rapid, low-cost sensors for food pathogen detection
Step 3 - Recombinase Step 4 - Recognitionof dsONA  Step 5 - Cas12a cleaves DNA reporter « Assay was shown to be senl5|lt|ve down to 10aM/puL of synthet}c S.enterica DNA target over 60 m|nute§.
Polymerase Amplification (RPA) target activates Cas12a to produce fluorescence signal + Assay was found to be sensitive down to 4.2aM/pL of synthetic L. monocytogenes DNA target in 30 minutes.

Using genomic DNA the S. enterica sensor showed a detection sensitivity of 50 cfu/mL in 60 minutes.

A PES membrane added for target concentration and capture had a detection limit of 5cp/mL for S. enterica
genomic DNA in a 50mL water sample over 120 minutes.

When the assay was tested in complex matrices (environmental water, poultry rinsate, leafy green rinsate)
however, the matrices were found to significantly inhibit the membrane’s ability to concentrate the target. It was
determined that the samples need to be lysed before filter capture in order see a successful assay reaction.
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