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Pathogen Detection

plays a vital role In biological threat

surveillance, agricultural safety and
medical diagnosis

Challenge:

there Is a need for the continuous

survelllance , rapid diagnosis and
real -time tracking of pathogens .




There Is a need for the development of
new rapid and sensitive detection and
identification technologies for microbial
agents .

Important to scientists and to regulatory
agencies since a systematic  preventive
approach to food safety Is also promoted
by the Hazard Analysis and Critical
Control Point (HACCP).




OneHealth

Nature Reviews | Genetics
\

Response

Gardy and Loman 2017



Limit of detection of common
microbial diagnostic methods.

Method Limit of
Detection
PCR ca. 100 cfu/mL




Biosensor

- an analytical device that
Integrates a Dbiological sensing
element with a transducer to
guantify a biological event Iinto
an electrical output




Biosensor Design

» Analyte:

» Bio-receptors: Antibody or

DNA probe
( Maunetc

Signal amnlifiar: harco,,i N
DNA term! » Signal generation:

Electrochemical method

\ » Nano-transduc

nancpartiq

Biosensor platform:
Screen-printed carbon
electrode (SPCE)

Source:
Dr . EC Al ocil | aods
Presentation



Elements of a Biosensor

Analyte @-Rece@ < Transducer>

Electrude

Electroactive
substance

pH change —— Semiconductor
oH electrode

Heat » Thermistor

nght » Photon counter

| ' ass change —— Piezoelectric
| device




Advantages of a
Nano -Biosensor

X Rapid detection time

x High sensitivity and specificity

x Compatible with data processing
technologies y

ANALYTE BIORECEPTOR j TRANSDUCER SIGNAL PROCESSING

. ‘L Antibodies
Nucleic Acids .
‘ Nanoscale materials » Data
‘< Aptamers |:> Amplifier |:> L
Acquisition
Enzymes
' ‘<— Whole cells




OneHealth

The areas of work In which a One Health
approach is particularly relevant include
food safety , the control of zoonoses
(diseases that can spread between animals
and humans, such as flu, rabies and RIft
Valley Fever), and combatting antibiotic
resistance




Pathogen

; sgnitation

Pruss et al., 2002 ‘

Transmission pathways of  fecal doral disease.
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Food -borne Illnesses

x 325,000 hospitalizations and 5,000 deaths
each year

‘x 40% of the 50 million annual deaths worldwide ‘

‘X common causative agents:

\u Escherichia coli O157:H7 ‘

‘ U Salmonella enterica ‘




Diagnostics:
Nano -Biosensors




Food -borne Pathogen

Salmonella
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Fluorescent bio-barcode DNA assay for the detection of
Salmonella enterica serovar Enteritidis

Deng Zhang, David |. Carr, Evangelyn C. Alocilja*

Department of Biosystems and Agricultural Engineering, Michigan State University, East Lansing, MI 48824, USA

A highly amplified bio-barcode DNA  assay for the rapid

detection of the insertion element (lel) gene of Salmonella
Enteritidis

\

Salmonella _enterica serovar Enteritidis IS one of the\

most frequently reported cause of foodborne illness .

It is a major threat to the food safety chain and public
health .




DNA functionalization

Gold Nano-
particle

W% Thiolated Barcode DNA
AAS  Thiolated 1" DNA probe

Schematic of the functionalization of AUNPSs.
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Thiolated 2" DNA

Sulfo-SMCC MNPs-DNA probe

coniugate

Schematic of the functionalization of MNPSs.
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i A Barcode DNA
Target DNA 3 1" DNA probe

MAES il The composite of MNPs / The composite of MNPs / 2

2 DNA probeftarget DNA DNA probe/target DNA/I® DNA
probe-Au-NPs-barcode DNA

Barcade DNA release

Barcode DNA

Magnetic field

Schematic of the bio -barcode assay: (A) formation of MNP -2nd
DNA probe/target DNA/1 st DNA probe -Au-NPs-barcode DNA; (B)
barcode DNA separation and release.




The relationship between target DNA and the
fluorescence signal of released barcode DNA

Sample concentration 10 1 0.1 0.01 0.001 0)
(ug/mL)

Fluorescence reading
(counts)

deviation

The results show that the detection limit of this bio-
barcoded DNA assay is 1 ng/mL (or 2.15x10-t® mol).



Food -borne Pathogen

Escherichia

coli 0157:H7

MICHIGAN STATE
UNIVERSITY

| DEPARTMENT OF SCIENCE AND TECHNOLOGY
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Research and Development (PCIEERD)




Escherichia coli

- serve as Iindicator of water
guality and food contaminants
by fecal matter .

E. coli O157 :H7 is a notorious pathogen confirmed
In many outbreaks of food-borne illnesses .

bloody diarrhea
hemorrhagic colitis
occasionally hemolytic uremic syndrome

Infection dose as low as ~100 cells can lead to
disease or even death




CDC Centers for Disease Control and Prevention SEARCH Q

CDC 24/7: Saving Lives, Protecting People™
CDCA-ZINDEX Vv

E.coli (Escherichia coli)

E coliHomepage

Senetaliigonmtion Multistate Outbreak of Shiga toxin-producing Escherichia coliO26 Infections Linked to Chipotle
(Entert;toxlgenlc E coli Mexican Grill in Washington and Oregon
ETEC
Diarrheagenic £ coli
Timeline for Reporting Cases Posted November 9,2015 4:15PMET

of £ coliO157 Infection

What's New? More Information
Complete List of Outbreaks

2015 Outbreaks - « Asof November 9, 2015, 42 ill people have been reported from Washington & (27) and o Advice to Consumers
Oregon (15). « Signs & Symptoms
026 Infections Linkedto = « 23isolates from ill people in Washington (16) and Oregon (7) have been uploaded to the « Key Resources
Chipotle Mexican Grill
CDC PulseNet database. All 23 people were infected with Shiga toxin-producing
Advice to Consumers Escherichia coli026 (STEC O26) that has the same DNA fingerprint. Laboratory testing
is continui
Signs & Symptoms e

Salmonella Homepage COC > Sslmonells Hom > 2015 Outbresks

[ onine Hnelie Multistate Outbreak of Sa/monel/aPoona Infections Linked to Imported Cucumbers

Complete List of Outbreaks n u

Active Outbreaks
: Posted October 14,2015 3:00 PMET
2015 Outbreaks -
What's New? At AGlance
Human Sa/monella +
Infections Linked to Small
Turtles « Since the last update on October 6, 2015, 35 more ill people have been reported from « Case Count: 767
14 states. Given the delay between when someone gets sick and when that illness is « States: 36
Salmonella Poona -
Infections Linked to reported to public health, it is not unexpected to continue to see ilinesses reported ¢ Deaths:4
Imported Cucumbers after the recalls. « Hospitalizations: 157
Recall & Advice to « Florida was added to the list of states with ill people, bringing the total number of states ¢ Recall: Yes

Consumers to 36.
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Results from Analysis of Raw Ground Beef and Raw Ground
Beef Component Samples for E. coli O157:H7*

*Results are posted according to the sample analysis completion date.

Raw Ground Beef (RGB)

As of November 5, 2017 As 18
Source Number Number Number Number Percent
Analyzed Positive | Percent Positive Analyzed Positive Positive
Federal Plants 9,761 T 0.07 9,505 4 0.04
Verification 9612 B 0.06 9408 4 0.04
Follow-up™ 149 1 0.67 a7 1] 0.00
Retail Stores 492 1 0.20 476 0 0.00
Verification 491 1 0.20 476 0 0.00
Follow-up 1 0 0.00 1] 1] 0.00
Imports 36 0 0.00 36 0 0.00
As of November 5, 2017 As Bf November 4, 20
Source Number Number Number Number Percent
Analyzed Positive | Percent Positive Analyzed Positive Positive
Federal Plants 5,239 11 0.21 5870 8 0.14
Trim Verification™* 3029 B 0.20 3,238 B 0.19
Follow-up to RGEB 154 0 0.00 29 1] 0.00
Positive
Follow-up to RGBC 579 3 0.52 488 1] 0.00
Positive
Other RGBC 482 1 021 1,071 2 0.19
Werification
Bench Trim Verification 995 1 0.10 1,044 0 0.00
mport 1,628 1 0.06 360 0 0.00
*Hes

“Follow-up may also include non-routine testing. Source: https:/iwww.fsis.usda.gov/




Escherichia coli

Typical detection methods:

Culture technigues
Enzyme -linked immunosorbent assays

PCR

The high cost, complicated processing steps and
the requirement for specialized training on the
conventional detection methods for food-borne
pathogens made it difficult on the side of health
practitioners and monitoring agencies in the field.




Personal . - Nanosensor Prototype
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Sandwiched Hybridization

Created by: Matthew Vasher Edited by: Juan Miguel Parami

Target DNA

&30 10 8 %_

Polyaniline labeled Biotinylated Sandwiched hybridization of
detector probe capture probe DNA targets on PANI NPs

. O %sveRev-"

»
C
»
C
G
»
C
»
()
]

Magnetic separation

Polyester backing

eference & counter electrode

90000 0000
O Ve Vel aVe®

Electrochemical detection of
PANI NPs AuNP-streptavidin-i8Bdiied SPCE biosensor

Attachment of target DNA hybrids on AuNP-
streptavidin-modified SPCE biosensor

PANI-Targ



Nano -Blosensor System for
Food Safety Applications




30 -second genomic DNA
Extraction protocol

Dip cellulosé Dip cellulose
filter filter paper in
paper resuspension
buffer buffer to elutg
to capture DN the DNA.
(~9seconds) Denature the
then in was extracted
buffer 3 time DNA.
to %

contaminants

(~9 seconds)

—_— lysis buffe
Shake to

Adapted fro




Second Extractlon of Genomlc DNA
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Second Extractlon of Genomlc DNA

Current (LA)

o N H (o] [ee]

Blank

E.coli O157:H7




Specificity Test

—— B lank

E. coli O157:H7

E. coli O157:H7

E. coli ATCC
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E. coli ATCC
-30 25922
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Specificity Test

o _B

Blank 0157:H7 ATCC 25922




Limit of Detection

Current (pA)
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Limit of Detection

Anodic peak current vs. DNA W
concentration

0.3 0.5 1

DNA concentration, ng/uL

=
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Detection of E. col
O157:H7 using the
fabricated nanobiosensor




Detection of O157:H7 from
farm produce samples




-0.4

o
o

C Blank

Current, yA |

C No enrichment
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Cyclic voltammograms of samples at 50 mV/s.




Detection of O157:H7 from

farm produce samples

Samples collected

Conventional Method of Detection I
(foll owing BAMG&s pr|oft
of E. coli O157:H7

DNA -based detection

PCR

Nanobiosensor




CONVENTIONAL METHOD OF DETECTION
(CULTURE PLATING)

| ettuce Celery Paco

Typical O157:H7 in
TC SMAC

Plated lettuce, <celery and paco
samples in TC SMAC resulted in
dark -colored colonies, different from
expected typical 0O157:H7 in TC
SMAC

Colorless or
neutral gray
with smoky
centerand 1 -
2mm diameter




Polymerase Chain Reaction

ettuce  Celery  Paco

Amplification of stx 1 gene of  E. coli O157:H7, resolved in 2% agarose gel and
viewed under gel photodocumentation system. The DNA size marker is an
l nvitrogenE Life Technol ogies,




Phytopthora

palmivora




Cacao

..

Grown along

-l

Bel t 6.

Cultivated mainly for its beans

\*-‘-‘\\t he o0Cacao



The Philippine government exerts effort to boost cac
production in the country.

Aincreased bean yield by 60% from 1.0mt/halyr. to 1.6mt/halyr.
AEnsure availability of high yielding and pest and diseaseesistant cacao planting
, materials
5 i 98 | Aincreased productivity and income of smallhold farmers by 50% from P30,000/halyr.
S&T Roadmap 2 ; to P45,000/halyr.

/
AcCapacity building:
Bio-based cacao pest & /
disease management

AcCertified nurseries for cacao HYVs (CMU)
AIEC:PR for cacao production
/ (revised/updated)

/ a0-based agro-forestry systems /
/ testing of biological-based approaches for cacao pest & ggease (pheromone
- | res/traps, BCAs, biopesticides, nano biosensor system, pyticle film technology)
P e eelo / AIEC-IB: Biological-based approaches for (DLSU, UPLB, PhilMech, BPI-NCRDC-Davao)

ker kit f pest & disease
-Maker kit Tl G AExpansion sites:S&T Based farms for cacao
- Mass rearipgy protocols/system for

production & processing 1%t District, : :
BCAs of CPB & CMB Zamboanga del Sur Cacao pod husk fuel briquettes (PhilMech)

Apolcy support Esablshment o L el
/ Philippine Biological Control Center ano-biosensor system for cacao fungal diseases; Biopesticidg DL'SU Ulg)I,_B)'
/ ycoparasites) for VSD & BPR A1 PhD’ (Biology
e de U J dld e orvob & b
Particle film technology using local clay materials(DLSU)
D gene specific molecular markers and primers for important tra‘y in cacao for varietal . L.
improvement (USM) trainees/beneficiari
A Policy advocacy: Use of biologically-based approaches in pest maﬁgement/establishment of es
Philippine Biological Control Center (DLSU, UPLB-NCPC) / (VSD & BPR
/ detection & control)
(DLSU, PhilMech,
/ CocoaPhil

/




Black Pod Rot of Cacao

Symptoms:
A Brown to black necrotic
lesions

A Mummification of pods

A Stem cankers in cases
of severe infection

Primarily caused by
Phytophthora palmivora in SE

S




Screening:
Triage Technique




Il ng 6 T d&Jsing Magoetice

Positive det_ectlon of Matting using MNPs in Dengue
Phytopthora palmivora , causal virus (Dr. Alocilja research result
organism of Black Pod Rot in

Development of Nano-Biosensor for Fungal Diseases of Cacao



Image analysis of magnetic nanoparticle matting

Sample: Lasiodiplodia theobromae spores

\ Matting was observed on the
positive control (suspension) .

\ Image analysis may help In
i providing more sensitive
3 measure of some parameters .

| with suspension

Development of Nano-Biosensor for Fungal Diseases of Cacao



Image analysis of magnetic nanoparticle matting

Sampleiasiodiplodia theobromaspores
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The intensity of matting in

171 167 the presenceof the sporeg

was calculatedto be greater
< 194457: than that of the blank

Development of Nano-Biosensor for Fungal Diseases of Cacao



Diagnosis:
Specific Detection




Cellph /
Sercons - - Nanosensor Prototype

computer/
Laptop a

HIGAN STATE
I VERSTIY

Development of Nano-Biosensor for Fungal Diseases of Cacao



Dual hybridization and
electrochemical detection

P. palmivora

1.5E-05

1.0E-05

5.0E-06

0.0E+00

Current, A

-5.0E-06

1LOE05 — Streptavidin only

—EAM only
—Target DNA

-1.5E-05

-2.0E-05
-0.6 -0.4 -0.2 0 0.2 0.4

Potential, V (vs Ag/AgCl)

0.6 0.8 1

Cyclic voltammograms of Streptavidin d modified electrode, EAM added
electrode, and P. palmivora genomic DNA hybrids on the electrode in
0.1 M HCl at 50 mV/s.




Selectivity
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Limit of Detection
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High Performing Nano  -Diagnostic Kit for
Crop Diseases

Nanobiosensor
Kit




Site selection for field evaluation of nano -biosensor
technology for the different commodities

Panama
Disease/Fusarium
Wilt

Banana usariumoxysporunt. sp. Region XI (Davao)
ubensgFocTRA4) 22 NI RQa fIFNBHSald O2yi
with 432,000MT in 2017
Bunchy Top Banana Bunchy Top Virus
BBTV) vectored by aphids,
Pentalonianigronrvosa

Phytophtorainfestans DACAR (Benguet)

110,752 MT; 85% of the total production

White Potato| Late Blight

Rugose Mosaic
Virus

Potato Virus Y (PVY) vector
Dy aphidsMysuzpersicae

Tomato Bacterial Wilt RalstoniagPseudomongs DARegion | Rangasinan
s50lanocearum Leading tomato producing province with 169
total area
ungbeanYellow Mosaic DARegion Il (Cagayan Valley)

irus (MYMV) vectored by | Shared 30.2% of the total production secong

Mungbean | Yellow Mosaic

hitefly, Bemiciatabaci to llocosRegion with 39.6% of the total
production
Peanut Cercospora Leaf [fCercosporaraahidicola? DARegion ll{ocosNorte)

Spot 35% of the total production




Schematic of the proposed handheld
barcode DNA diagnostic system adopted from

Michigan State University

Pocket PC

A

Handheld
potentiostat/galvanostat

Screen printed carbon electrode
where the mixture of the
extracted DNA from plant
sample and functionalized

magnetic nanopatrticles

Source: Dr. EC Alocilja, MSU, USA are placed.




Methodology

Overall

schematic diagram

Target DNA from simple
extraction procedure

| |

Oligo probe -target DNA
hybridization
Electrochemical detection

!

Determination of

sensitivity and selectivity

Oligo probe functionalized
magnetic nanoparticle

Validation
(Phase II)




Detection of Dengue and

Japanese Encephaitis Virus
INn Mosquitoes

PHILIPPINE GENOME CENTER
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DOH declares national dengue epidemic

The Department of Health reports a total of 146,062 dengue cases from January to July 2019

Janella Paris

Published 6:06 PM, August 06,
2019
Updated 12:39 AM, August 07,
2019

Facebook

=
@

° Email

B® Microsoft

Table 1. Reported AMES Cases and Deaths by Region (N=1,664)
Philippines, January 1-May 25, 2019 vs 2018

D19 018

Reglio ase ea ¥ Dea3 anag

. PHILIPPINES | 1,664 a9t T A X Ao ot 4 e P R G
¢ I 168 12 223 8 V25
Il 183 5 94 4 195
m 245 3 315 12 122
IV-A 133 5 124 B N7
MIMAROPA 25 1 18 1 139
v 67 3 118 6 143
Vi 146 3 164 7 11
Vil 124 15 113 7 10
Viil 5 0 19 4 174
IX 31 2 29 4 7
X 41 1 105 2 161
X1 g7 3 89 1 9
Xii 52 4 39 1 133
ARMM 87 14 51 2 ~71
CAR 44 1 54 2 19
CARAGA 38 1 40 1 V5
NCR _ 178 26 192 10 37

Dengue Virus (DENV)

- Causes dengue fever which can lead
to dengue hemorrhagic fever (DHF) and
dengue shock syndrome (DSS)

Pictures from
thenativeantige
ncompany.com

Japanese Encephalitis Virus
(JEV)

- Main cause of viral encephalitis
(inflammation of the brain)



Nanodiagnostics

Matting: infected (left
Non-infected (right)
Completed in 10 ming

PCRLess genomic
RNA Extraclion: detection

RNA/DNA Completed in 2h
transcription
& Au Probe

hybridization

Mosquito sample
(Aedes or Culex)

using a si
magnetic

Functionalized Magnetic o

Nano-Particles (MNPS) (Qold Nanoparticle with

Jpecific RNA/DNA probe
AU probe)

TRIAGE TECHNOLOGY JIAGNOSTIC TECHNOLOGY



Nanodiagnostics

Technologies Comprising the Global Biosensing Network (GBN)

B. Biosurveillance System

R IR N |

Data from blosensor

.. Prioritize J
@ resources -

g .o D Vet
Gaienc — MrTOMS

» . J
Ktz 20 , .
ol -
/ ﬂ l » : % Implement control

( Schematic of the Schematic of the programs

s g ——— biosurvelllance map at bosurvelllance map

? ®= the community level at the global level
Syndromic data Actionable outcomes

The Global Bio-Sensing Network with two novel technologies: Bio Surveillance System
(Alocilja, 2018)



Nano -Biosensors Program
|

Food- and Water -borne || Plant Diseases [Neglected] Tropical || Animal and Veterinary
Pathogens Diseases Science
—  Abaca*
. : e Dengue virus * —— Bacterial
= Escherichia coli Banana * (in mosquito) contaminants
O157:H7
p— Cacao* — HIV * * * Viral pathogen
— Listeria (Human
Immunodeficiency Virus) . . .
monocytogenes * e COCONUL *** . ;\;g n?llféiﬁ'.ih
b= Tuberculosis ***
—  Pineapple ***
— Chemical
. " . . contaminants
Organic Fertilizer Bioterrorism Agents =

e  Salmonella **

— Bacillus anthracis

e Cholera

* On-going small
** Evaluated for funding —  oMalipox
*** Future plan
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Sandwiched Hybridization

Created by: Matthew Vasher

Target DNA E
Polyaniline labeled Biotinylated Sandwiched hybridization of
detector probe capture probe DNA targets on PANI NPs

Magnetic separation

=1 O ~—
- I Working electrode —

Polyester backing

U Reference & counter electrode
Electrochemical detection of

PANI NPs AuNP-streptavidin-modified SPCE biosensor

Attachment of target DNA hybrids on AuNP-
streptavidin-modified SPCE biosensor

PANI-Target-Biotin DNA




Economic Analysis \

Esti mated Cost for Detection of Crop D
Performing Nano-Diagnostic Kit for Crop Diseases per test /sample

Component Amount/test Cost/test (inPhP |

Triage MNP 0.025mg 2.55 ($0.05)
Other materials 7.45 ($0.15)
(Eppendorf tube,

extraction solution,
magnetic rack,
dropper)

10.20 ($0.20)
40.00 ($0.80)
100.00 ($2.00)

Other materials

Total Cost

One Nanobiosensor Kit with 1000mg MNP approximately will cost Php 3,000 good for 40,000
samples for triaging; Additional 10ml AuNP for Php 3,300 good for 350 samples for
diagnosis. Approximately, the total cost for 1 kit will be Php 6,000-6.500



Biosensor : Market Drivers & Challenges

Market Drivers Challenges

Emerging New Non-Medical

Applications
Stiff Competition from Dipstick Tests

& Spectrophotometry

Technology Developments

in Microfluidics
High Cost & Complexity
Chronic Health Conditions &

Rise in Home Diagnostics

Lack of Standardization

Expanding Use in POC Testing

Source; http://www.strategyr.com/MarketRe




Sample Preparation

Transfer samples into a modified buffered peptone water (  mBPW for short -time enrichment

) 4

Obtain one (1) mL sample and transfer to 1mL lysis buffer

A 4

Shake to lyse the cells and to released DNA into the medium

4

Capture DNA by dipping the filter paper in the lysis buffer

A 4

Wash nonttarget molecules by dipping the filter paper into wash buffer

4

Elute the DNA by dipping the filter paper into a resuspension buffer or ultra  distillied water

) 4

Detect extracted genomic DNA using DNAbased nanobiosensor




Electrochemical response of the  Listeria monocytogenes
nanobiosensor for the detection of the lis O gene at different target
concentrations.




Electrochemical response of the nanobiosensor for
the detection of listeriolysin O gene (2 nmols) in
monocytogenes




Table A2
Percent Positive Salmonella Tests in the PR/HACCP Verification Testing Program

Aggregated Results by Product Class, 1998 - 2014

All Years 1998 - 2014

Large Small Very Small Unknown All Sizes

Product # Samp % Pos |#Samp |%Pos | #Samp | % Pos #Samp |%Pos |#Samp | % Pos

Broilers 98,033 7.5% 35,449 11.9% 5,276 19.9% 54 7.4% | 138,812 9.1%
Market Hogs 17,055 2.4% 21,523 5.0% | 35,940 3.3% 108 0.9% 74,626 3.6%
Cows/Bulls 3,451 0.2% 19,111 1.2% 8,621 1.9% 0 31,183 1.3%
Steers/Heifers 14,105 0.1% 14,346 0.5% | 16,520 0.4% 89 0.0% 45,070 0.3%
Ground Beef 17,950 3.6% | 178,446 2.6% | 106,717 1.6% 429 2.8% | 303,542 2.3%
Ground Chicken 1,490 | 26.2% 4,270 241% 623 31.9% 106 | 11.3% 6,489 25.2%
Ground Turkey 9,914 | 21.8% 2,756 16.9% 528 12.1% 66 6.1% 13,264 20.3%
Turkeys 10,101 4.0% 5,269 3.6% 180 7.8% 32 0.0% 15,582 3.9%

NOTE: HACCP classifications for a plant can change over time. This table reflects the sum of the individual tables, i.e. HACCP size at the time

the samples were taken.

ttps://www.fsis.usda.gov




Comparison of Nanobiosensor and
Commercially Available Kits

: : Leading Molecular-based
PARAMETER Conventional Plating | Detection System in the
Method local market

Leading Antibody-based
Detection System in the
local market

MECHANISM DNA-based Cell-based DNA-based ELISA-based
OUTPUT Quantitative (F(’?' g:g;aégir Qualitative Qualitative

(Cell Population) Absence) (Presence or Absence) (Presence or Absence)

DETﬁ;LION 5 hours 1-2 weeks 24-30 hours 32-44 hours

SENSITIVITY 102 bacterial cells 10 bacterial cells 10° bacterial cells Not documented

AL Portable Laborgtﬁlr;/ = Laboratory Use Only Laboratory Use Only

ESTIMATED

UNIT COST £ 350,000.00 £ 900,000.00 £ 850,000.00 £ 650,000.00

(Equipment)

ESTIMATED
UNIT COST ?600.00 P 800.00-1000.00 £ 625.00 ?1,200.00 ‘

(Consumables)




Validation sites for

NanobiQsensc

Vigan Tugu% aaaaa plliqﬂlco
BIOTECH -UPLB has /
negotiated with or entered into / ,_

. . CHEXERS
agreements with the following
companies and/or agencies:

AAgrichexers Corporation

(Bulacan) "
ASt. Ambrose Farm (Laguna) T A - B
AASTS Laboratory (Gen. Ve /
Santos) pa.,,::'!_nﬁp FILIPINA UY GONGCO -
AlLa Filipina Uy Gongco Corp.
(lloilo)
Avitarich Corporation ﬁﬁwm e
(Bulacan) asts GiTREEIE

APilmico Corporation (Tarlac)
ANational Meat Inspection




Conceptual Framework

TRIAGE TECHNOLOGY
Disease Detection
Monitoring Disease Presence
Symptomatology and Asymptomatology

[ '

Positive
Negative w/ matting
w/out matting J
t Diagnostic Procedure
AuNP probe
Continue Disease l
Monitoring
y Y Confirm Pathogen Presence

!

Inoculum level
quantification

!

Intervention / Pest Control
Decision making including
vector control if the disease is
transmitted by insect vector(s)

Development of Nano-Biosensor Technology in Disease Surveillance and Diagnosis of Economically Important Crops




Proof of Concept for Agricultural use

L .

Negative Positive Positive Negative

i

o—

Positive detection ofPhytopthora ~ Matting using MNPs in \
palmivora causal organism of BlackDengue virus (Dr. Alocilja
Pod Rot in cacao research result)

Development of Nano-Biosensor Technology in Disease Surveillance and Diagnosis of Economically Important Crops



Economic Viability >

Example of demonstrating the economic benefits of crops grown under IPM
with monitoring system versus conven

Weekly costs to farmers for pest management activities (php

hectare)

Non-IPM Calendar Spray IPM with monitoring system

Program (No monitoring) using nanobiosensor kit
Week 1 1,000 php for fungicide spray |500 php for disease monitoring
Week 2 1,000 php for fungicide spray | 500 php for disease monitoring
Week 3 1,000 php for fungicide spray |500 php for disease monitoring
Week 4 1,000 php for fungicide spray | 1,000 php for fungicide spray
Total 5,000 php total cost for 2,500 php total cost under IPM
cost/month |calendar spraying

Development of Nano-Biosensor Technology in Disease Surveillance and Diagnosis of Economically Important Crops




X In the United States, a group often referred to as the 0 Bi 6y (0111, O26,
0121, 0103, 0145, and 0O45) accounts for the majority of the non-
0157 :H7 serotypes isolated from clinical infections and, therefore, is also a
focus of concern .

(www .cdc.gov/foodsafety/pdfs/foodbornediseaseoutbreaks -annual -report-2013 -508 -




Development of an
Electrochemical DNA oOBase
nanobiosensor for the Detection
of Phytophthora palmivora
(Butler) Butler in Soil and In
TheongpreecetaodolFaRods \

MS Agricultural Chemistry




Preparation of samples

Plant samples

r

.

Inoculation

Tissue
excision

.

&

DNA
extraction

1\

3

Soil samples

-

\_

Inoculation
using
Z00spores

-

DNA
extraction

\_




DNA extraction

Pure mycelia

A ZR Fungal/Bacterial DNA MiniPrep™ (Catalog No. D6005\?

Soll samples

AZR Soil Microbe DNAViniPrep™ (Catalog No. D6001)

Plant samples

A Quick-DNAM Plant/Seed Miniprep Kit ( Catalog No. D6020)



e

Isolation of P. palmivora

A

Purified P. palmivoraisolates obtained from (Left) Davad&
and (Right) Isabela, Philippines grown on QBDA

\//
A

Optical micrograph of th.palmivoraisolates
obtained from (Left) Davao and (Right)lsabela,
Philippines (40X Magnification)

Presence of papillate
sporangia suggests that
isolate is of genus
Phytophthora.

Contamination of cultures
were eliminated by
successive hyphal tip
isolation.

Cultures were maintained on
slants to minimize
contamination.



Pathogenicity tests

Moist chamber culture sétup containing the
inoculated cacao pods

A Lesions on all
iInoculated pods were
observed at 3 DAI.

A At 5 DAI, mycelial
growth on pod surface
IS observable



Pathogenicity tests

_ Cacaoleavesinoculatedwith
Cacaoleavesinoculated with P. palmivora showing dark
P. palmivora showing dark necrotic lesions 3 days after
necrotic lesions 3 days after inoculation
inoculation




Conjugation of EAM and detector pro

EAMT probe conjugation

100000 +

80000 -
60000 -
40000 -
20000 - '
0 0.5 1 5 10 20 30 40

[EAM], mg/ml

Fluoresence Intensity

Reduction of fluorescence intensity of 6-
Carboxyfluorescein versus increasing
concentratiorof EAM

A Us e dca®axyfluorescein

labelled detector probe t
determine the

concentration of EAM tha
will be completely saturated
with the detector probe.

It was found that at 40 mg
EAM/mL, the EAM is

completely saturated with
the probe.



Dual hybridization and electrochemic
detection

Effect of scan rate

2.0E-05 20
< y = 0.0639x + 4.7657
1.0E-05 3 15 R? = 0.9861
- € 10
£ 0.0E+00 o _
o ——25mV/s 5 g m Anodic
P
= 1 0E- ——50 mV/ O
5 -1.0E-05 mvis ~ e Cathodic
(@) — 75 mV/s @©
[}
-2.0E-05 ——100 mVi/s O 5 y=-0.0502x +1.8851
——200 mV/s R2=0.9822
-3.0E-05 -10
-0.5 0 0.5 1 0 50 100 150 200
Potential, V (vs. Ag/AgCl) Scan Rate, mV/s

Electrochemical response of EAM in 0.1 Anodic andcathodicpeakcurrentof EA
M HCI with increasing scan rate in 0.1 M HCI atdifferentscanrates

Electrochemical response increases linearly as scan rate increases. This
implies that the redox process on the electrode is diffusion T controlled. This
suggests that the current measured is proportional to the concentration of
the transducer.



Dual hybridization and electrochemic

detection

1.5E-05

1.0E-05

5.0E-06

0.0E+00

Current, A

-5.0E-06

-1.0E-05

-1.5E-05

-2.0E-05

— Streptavidin onl
—EAM only
—Target DNA

<

-0.5

0

0.5 1

Potential, V (vs Ag/AgCl)

Cyclic voltammograms of Streptavidin i

modified electrode, EAM added electrode,

and P. palmivora genomic DNA hybrids on
theelectrodan 0.1 M HCl at50 mV/s.

A Electrochemical detection
of the formed hybrids
successfully
demonstrated



Limit of Detection

3.00E-5
2.00E-5
1.00E-5
<
g 0.00E+0
S _1.00E5 —0ng/uL
@) —0.1 ng/uL
-2.00E-5 —0.3 ng/uL
—0.5 ng/ul
-3.00E-5 —1.0 ng/ul
—5.0 ng/ul
-4.00E-5
06 04 -02 0 0.2 0.4 0.6 0.8 1

Potential, V (vs Ag/AgCl)

Electrochemicalresponseof the biosensoron P. palmivora
genomicDNA concentrationsangingfrom 0 to 5.0 ng/juL in
0.1 M HCl at50 mV/s




Limit of Detection

12

1
<10

0| £ %
— [ ]

6 | @

E

Peak he
L

[==]

4
2
0

]
Targe thNA
| I I I
0 .

0 ngful 0.1 ng/ful 0.3 ng/ulL 0.5 ng/ful 1 ngfuL 5 ng/ul
Targel 2DNA concentration, ng/ul

Peak height, uA

=

Anodic peak height at different P. palmivora genomic
DNA concentrationsangingfrom 0 to 5 ng/uL in 0.1 M

HCl at 50 mV/s (Meang SD; n = 3).Statisticalanalysis
throughT u k eHor@estSignificantDifferenceTestwas
performedat 95% confidencelnset Plot of anodicpeak
heightversusP. palmivoragenomicDNA concentration

S/N@o.3=

Statistical analysis
showed that the limi

calculating S/N:

5.138uA
1.450u4

Since the calculated value
is greater than 3, then the
limit of detection is

determined to be at 0.3
ng/pL



Precision

A All the values are greater tha

DNA extract sources and the corresponding 10% which suggests that the

average RSD of anodic peak heights repeatability of the detectio
unsatisfactory

A The variation could be attributed
DNA extract source  Average RSD to:
A EAM aggregation
_ A Washing step at the electrode
Pure mycelia 22.16 Which could be addressed by
using less EAM

Plant samples 36.36

40.03 A Although unsatisfactory, the
' precision is enough to establish
Other fungi 30.17 statistical significance of results.

Soil samples




Selectivity

7
b b
b
- |
Blank Lasiodiplodia Colletotrichum Fusarium sp. P. palmivora
sp. sp.

Peak current, uA
[ N w 5 (6)] (o))
QD

o

Anodic peak height of cacdoassociated fungal species (Maa8D; n
= 3). Statistical analysis throu
Test was performed at 95% confidence.

Result suggests that the nanobiosensor can distinguish P. palmivora
among other cacao 1 associated fungal species.




Detection on Plant Samples

Leaf sample

il

Blank

Peak Height, uA
O R N W M 01 O N ©

P. palmivora

Anodic peakheightof inoculatedcacaoleaf tissuesamples
obtainedat differentdistancedrom the lesionmargin(Mean
p SD; n = 3). Statisticalanalysisthrough T u k e Hobest
Significant Difference Test was performed at 95%
confidence

Detection was successful at positions KO and K1 but not at K2. This suggests that
positive detection is possible in plant samples with moderate to severe infection.

Agarosegel electrophoretogranof the PCR products
from theinoculatedcacadeaf samplesLanes AT 1 kb
Ladder B i DNA extract from pure P. palmivora
mycelig C i No templatecontrot D i Excised leaf
tissueat positionKO; ET Excisedleaftissueat position
K1; Fi Excisedeaftissueat positionK?2 \



Detection on Plant Samples

Pod samples

Image of (a) inoculated cacao pod 3 DAI and (b)
obtained infected cacao pods




Detection on Plant Samples
Pod samples ,

b = |

Agarose gel electrophoretogramof the PCR

o N 00 ©

O

w

Peak height, uA

=N

Healthy pod Infected pod  Pure P. Inoculated productsfrom cacaopod samplesLanes A i 1 kb

palmivora pod Ladder B i DNA extractfrom pure P. palmivora
Anodic peak height of cacao pod samples (Mg&D; n = mycelig C T Healthy pods D i Inoculatedpod
3). Statistical analysis t hrwihwpglimivorshEe Ldsopotisampeshébwing i o
Difference Test was performed at 95% confidence lesions F T No templatecontrol

\
Detection was successful on the inoculated pod; the infected pod was apparently
infected by a different pathogen as indicated by the faint band with shorter amplicon size
and the result of the nanobiosensor. This suggests the potential of the nanobiosensor to
discern the infection caused by P. palmivora.



Detection on Plant Samples

Soil samples

18

[any
(o))

<:E; 14
o 12 a
S 10 b
L 8
<6 0 ) b
@ 4
0 = N
0
Blank  UninoculatedUninoculated Inoculated Inoculated
fresh soil  sterile soil  fresh soil  sterile soill

Anodic peakheight of soil samples(Mean g SD; n = 3). Statistical
analysis through T u k e Kodest Significant Difference Test was
performedat 95% confidence

Detection on the inoculated fresh soil was successful; the other soil samples tested
negative to the nanobiosensor. The nanobiosensor was able to detect the presence of P.
palmivora even when DNA from other fungal species are present.

A B GSD E F G

i® . -
-

Agarose gel electrophoretogranof the P
productsfrom the soil samplesLanes Ai 1k
Ladder B i DNA extract from pure P.
palmivoramycelig C i Uninoculatedsterilized
soil; DT Uninoculatedreshsolil; ET Inoculated
sterilizedsoil; Fi Inoculatedfreshsoil; GT No
templatecontrol



Characterization of AUNPS

TEM image of dextrin  -capped gold nanoparticles (AuNPs). Inset
shows the size distribution.




