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VIR Current Detection Methods

ACultural methods
Based on bacterial isolation on selective
media followed by biochemical confirmation

Almmunological assays (e.g. ELISA)
Based on the specific binding of an antibody
to an antigen

AMolecular methods
Most common: amplification of nucleic acids - PCR
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Wi Limitations of Current Technologies

PCR Methods

ARequire 2-3 hours for amplification

ANeed expensive equipment & experienced personnel
ANeed restrictive lab space to prevent cross contamination
ACR can fail due to inhibitors inherent in food samples
Mifficult to be quantitative



“iE - Nanoparticle-based Technology

Represents a new opportunity for us to develop

due to unique properties of nanoscalematerials

~

better diagnostic tools for the detection of pathogens
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DB Size Matters
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Bacteria virus NPs




o Nanoparticles (NPs)
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1. Large surface-to-volume ratio

O oo

Size: 50nm 10 nm 2nm 1nm
Ratio: 1.8% 9.1% 40% 68%

2. Enhanced surface reactivity, enhanced electrical conductivity &
enhancedmagneti c propertiese



DR Nanoparticles

Can be functionalized with different biomolecules

O< O= O~

Antibodies Enzyme DNA

Functionalized nanoparticles can display
higher binding affinity than free biomolecules




“E - Nanomaterials in Bioanalysis

Fluorescent polymeric nanoparticles (FNPs)

Magnetic nanoparticles (MNPS)
Gold nanoparticles (Au NPs)
Silver nanoparticles (Ag NPs)

Quantum dots (Qdots)
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VT Detection Mechanisms

 Antibody-antigen recognition A

Nucleic acid sequence recognition _@g

Adhesin (lectin)-receptor

\ Antibiotic recognition
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Microorganisms Detection Nanomaterial | Recognition | Detection Analysis References
limit methods time

E. coli O157:H7 103 - 10* Qdots Antibody- Fluorescence ~2 hr Zhao et al.

S. typhimurium CFU/mL Antigen microscopy (2009)

S. flexneri

E. coli 104 cells/mL Magnetic NPs Adhesin- Fluorescence <5 min El-Boubbou et

receptor microscopy al. (2007)

E. coli O157:H7 1.95x 108 Qdots Antibody- Fluorescence Yang and Li
CFU/mL Antigen spectra (2006)

Salmonella 3.35x 10* Qdots Antibody- Fluorescence Yang and Li
CFU/mL Antigen spectra (2006)

E. coli Silica FNPs Antibody- Confocal <30 min Wang et al.

S. typhimurium Antigen microscopy (2007)

S. aureus

L. monocytogenes | 10 CFU/mL Magnetic NPs DNA-DNA IMS + PCR Amagliani et al.

(milk) (2006)

L. monocytogenes | 452 CFU/mL Magnetic NPs Antibody- IMS + RT-PCR Yang et al.

(milk) Antigen (2007)

S. enteritids 10° cells/mL Qdots Antibody- Impedimetric <3 min Kim et al. (2007)

(milk) Antigen biosensor

E. coli O157:H7 1 CFU/mL Rubpy-doped Antibody- Flow cytometer | <20 min Zhao et al.

(ground beef) silica FNPs Antigen (2004)




BT Project Objectives

To establish procedures based on dye-doped nanoparticles
and a novel fluorescence reader

To develop methods for detection and quantitation of key
food-borne pathogens

To establish food sample preparation and associated
procedures

To evaluate the system for its applicability to food samples
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DT The Building Blocks

Polymer (e.g. silica) matrix

ADye molecule

Dye-doped
Polymer
(silica) NP
TEM image of dye-
doped silica 60 nm NPs

A 60 nm nanoparticle: 10*dye molecules
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DT The Building Blocks
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2. Optical fluorescence reader

A Recent innovation of an optical platform
A Detects fluorescence from single cell or single FNP
A Compact and low cost format

A Allows direct detection based on individual
counting

Prototype
optical reader
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wer Conventional fluorescence reader
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Dilutions of Conventional New Optical
NPs Fluorescence Reader Reader
100 858 117000
101 134 10440
102 59 840
103 48 80
104 47 6
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S Detection Process Schematic

Prepare sample Label & capture cells

Count of cells Cell Reader Separate cells
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VO Labeling Bacteria Using FNPs

A L. monocytogenes B s. enteritidis

C s. enteritidis D s. enteritidis

: -

[Bacterial cells labeled by FNPs conjugated with different antibodies}
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wE ENP Labelling vs Direct Labelling

Listeria cells labeled by NP-532/Ab Listeria cells labeled by Alexa 555/Ab

(Acquisition time: 0.1 sec) (Acquisition time: 1 sec)

INO Reader Images

FNP/Ab labeled cells showed stronger signals than AF/Ab labeled
cells and were also resistant to photobleaching.




VR Recovery of Listeria by MNP
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Starting cell count: 2.1 x 10°
Recovered cell count: 3.7 x 104

Starting cell count: 2.1 x 104
Recovgred cell count: 3.9 x 103

Starting cell count; 2.1 x 105
Recovere’_d,cel_l_co.unrt: 5.5x10°
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Wi Detection of Target Cells Using
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wi Detection of Target Cells Using
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wi Detection of Target Cells Using

Detection of L. monocytogenes in spiked food samples




DB Limitations
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1. Residual unbound FNPs could not be completely removed.

2. The optical reader could not clearly differentiate NP-labelled
cells from residual unbound (free) FNPs.

Consequence: high background counts, particularly, when
target cell concentrations were lower than 10> CFU/mL
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