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Pathogen Detection

plays a vital role in biological threat

surveillance, agricultural safety and

medical diagnosis

 there is a need for the continuous

surveillance, rapid diagnosis and

real-time tracking of pathogens.

Challenge:



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).

There is a need for the development of

new rapid and sensitive detection and

identification technologies for microbial

agents.



Gardy and Loman 2017

OneHealth



Method Limit of 

Detection

Culture method 100-0.10 cfu/mL

PCR ca. 100 cfu/mL

Nanobiosensor fM concentration

Limit of detection of common 

microbial diagnostic methods.



Biosensor
- an analytical device that

integrates a biological sensing

element with a transducer to

quantify a biological event into

an electrical output

- an analytical device that

integrates a biological sensing

element with a transducer to

quantify a biological event into

an electrical output



Source: 

Dr. EC Alocilja’s 

Presentation





 Rapid detection time

Antibodies

Nucleic Acids

Aptamers

Enzymes

Whole cells

Nanoscale materials
Amplifier

Data

Acquisition

BIORECEPTOR TRANSDUCER SIGNAL PROCESSINGANALYTE

Advantages of a 

Nano-Biosensor

 High sensitivity and specificity

Compatible with data processing    

technologies



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

OneHealth



Transmission pathways of fecal–oral disease.

Pruss et al., 2002



Global Occurrence of Disabilities due 

to Food Pathogens



Food-borne illnesses

 325,000 hospitalizations and 5,000 deaths

each year

 40% of the 50 million annual deaths worldwide

 Escherichia coli O157:H7

 Salmonella enterica

 common causative agents:



Diagnostics:

Nano-Biosensors



Salmonella

Food-borne Pathogen



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.

A highly amplified bio-barcode DNA assay for the rapid

detection of the insertion element (Iel) gene of Salmonella

Enteritidis.



Schematic of the functionalization of AuNPs.



Schematic of the functionalization of MNPs.



Schematic of the bio-barcode assay: (A) formation of MNP-2nd

DNA probe/target DNA/1st DNA probe-Au-NPs-barcode DNA; (B) 

barcode DNA separation and release.



Sample concentration 

(ug/mL)

10 1 0.1 0.01 0.001 0

Fluorescence reading 

(counts)

5711 1440 777 426 270 117

3 x Standard 

deviation 

380.00 209.16 18.52 67.26 28.84 12.01

The relationship between target DNA and the 

fluorescence signal of released barcode DNA

The results show that the detection limit of this bio-

barcoded DNA assay is 1 ng/mL (or 2.15×10-16 mol).



Escherichia 

coli 0157:H7

Food-borne Pathogen



Escherichia coli

- serve as indicator of water

quality 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





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.

Source: https://www.fsis.usda.gov/



Escherichia coli

Typical detection methods:

Enzyme-linked immunosorbent assays 

Culture techniques

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 

computer/

Laptop

Nanosensor Prototype



Sandw iched Hybridization
Created by: Matthew Vasher

Biotinylated 

capture probe

Polyaniline labeled 

detector probe

PANI

PANI

PANI

Sandwiched hybridization of 

DNA targets on PANI NPs

Magnetic separation

PANI-Target-Biotin DNA

AuNPs Streptavidin

SPCE

Reference & counter electrode

Working electrode

Polyester backing

Attachment of target DNA hybrids on AuNP-

streptavidin-modified SPCE biosensor

Electrochemical detection of 

PANI NPs AuNP-streptavidin-modified SPCE biosensor

Target DNA

PANI PANI

PANI
PANI

PANI

Edited by: Juan Miguel Parami

Biotinylated 

capture probe

Polyaniline labeled 

detector probe

PANI

PANI



Nano-Biosensor System for 

Food Safety Applications 



30-second genomic DNA 

Extraction protocol

Transfer 

sample to 

lysis buffer. 

Shake to 

lyse cell (~8 

seconds)

Dip cellulose

filter

paper in lysis

buffer 3 times

to capture DNA

(~9seconds)

then in wash

buffer 3 times

to remove

contaminants

(~9 seconds)

Dip cellulose 

filter paper in 

resuspension 

buffer to elute 

the DNA. 

Denature the 

extracted 

DNA.

Adapted from Zou et al, 2018



Detection of E. coli O157:H7 Using the 30-

Second Extraction of Genomic DNA 

E. coli O157:H7

Blank
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Detection of E. coli O157:H7 Using the 30-

Second Extraction of Genomic DNA 



Specificity Test

E. coli O157:H7

Blank

E. coli ATCC 

25922



Specificity Test



Limit of Detection



Limit of Detection



Detection of E. coli 

O157:H7 using the 

fabricated nanobiosensor



Detection of O157:H7 from 

farm produce samples

Lettuce

Paco

Celery
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Detection of O157:H7 from 

farm produce samples

Samples collected

Conventional Method of Detection 
(following BAM’s protocol for detection 

of E. coli O157:H7
DNA-based detection

PCR

Nanobiosensor



CONVENTIONAL METHOD OF DETECTION 

(CULTURE PLATING)

Typical O157:H7 in 

TC SMAC

Lettuce Celery Paco

Colorless or 

neutral gray 

with smoky 

center and 1-

2mm diameter

Plated lettuce, celery and paco

samples in TC SMAC resulted in

dark-colored colonies, different from

expected typical O157:H7 in TC

SMAC



1kb+       +     Lettuce     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 

Invitrogen™ Life Technologies, Inc, 1kbp DNA Ladder.

Polymerase Chain Reaction



Phytopthora 

palmivora

Plant Pathogen



Cacao

Grown along 

the “Cacao 

Belt”.

Cultivated mainly for its beans



P

• Cacao pod husk fuel briquettes (PhilMech)

• Sex pheromone lures/traps of cacao mirid bug

• BCAs for cacao pod borer & cacao mirid bug; Rearing protocols for the BCAs

• Nano-biosensor system for cacao fungal diseases; Biopesticides 

(mycoparasites) for VSD & BPR

• Biospesticides using mycoparasites for VSD & BPR (PhilMech)

• Particle film technology using local clay materials(DLSU)

• ID gene specific molecular markers and primers for important traits in cacao for varietal 

improvement (USM)

• Policy advocacy: Use of biologically-based approaches in pest management/establishment of 

Philippine Biological Control Center (DLSU, UPLB-NCPC)

• Increased bean yield by 60% from 1.0mt/ha/yr. to 1.6mt/ha/yr.

•Ensure  availability of high yielding and pest and disease-resistant cacao planting 

materials     

• Increased productivity and income of smallhold farmers by 50% from P30,000/ha/yr. 

to P45,000/ha/yr.
S&T Roadmap

• Nursery/Budwood for HYVs 

• Rehabilitation techniques for unproductive cacao trees (DOSCST)
• GIS-based system in mapping cacao plantations and locating expansion areas UPLB-CFNR)

• Electronic based sensor device for wet beans (PhilMech)

• 7 MS (Chemistry 

(2), Biology(3); 

DLSU, UPLB)

• 1 PhD (Biology, 

UPLB)

• 50 

trainees/beneficiari

es 

(VSD & BPR 

detection & control) 

(DLSU, PhilMech, 

CocoaPhil)

• IEC - IB: Cacao rehabilitation of 

unproductive

trees (DOSCST)

• Developed rehabilitation strategies for 

unproductive cacao trees

• Accredited Nursery/Budwood for cacao 

HYVs

• IEC/access to mapped cacao 

plantations/areas for expansion

• IEC-IB: Biological-based approaches for 

pest & disease

• Expansion sites:S&T Based farms for cacao 

production & processing 1st District, 

Zamboanga del Sur

• Policy support: Establishment of 

Philippine Biological Control Center

• Cacao-based agro-forestry systems

• Pilot testing of biological-based approaches for cacao pest & disease (pheromone 

lures/traps, BCAs, biopesticides, nano biosensor system, particle film technology) 

(DLSU, UPLB, PhilMech, BPI-NCRDC-Davao)

• Certified nurseries for cacao HYVs (CMU)  

• IEC:PR for cacao production 

(revised/updated)

• Development of S&T model farms and 

postharvest  

processing for superior cacao variety/clones  

adaptable to different agro-ecological locations

• Promotion of commercial application of biological-

based pest & disease approaches in cacao 

farming
• Superior cacao variety/clones adaptable to different agro-

ecological locations

• S&T model farms of superior cacao varieties/clones  in 

different agro-ecological locations 

• Certified nurseries of superior cacao varieties in strategic 

locations

• Multilocation trials of superior cacao varieties/clones 

under different agro-ecological locations

• Massive IEC: Promotion of commercial application 

of biological-based  approaches for cacao pest &

disease mgt.  

• Capacity building: 

Bio-based cacao pest & 

disease management  

• Patent application: 

-Maker kit for cacao 

- Mass rearing protocols/system for

BCAs of CPB & CMB 

The Philippine government exerts effort to boost cacao 

production in the country.



Black Pod Rot of Cacao

Primarily caused by 

Phytophthora palmivora in SEA

Symptoms:

• Brown to black necrotic 

lesions

• Mummification of pods

• Stem cankers in cases 

of severe infection



Development of Nano-Biosensor for Fungal Diseases of Cacao

Screening: 

Triage Technique



Development of Nano-Biosensor for Fungal Diseases of Cacao

“Matting” Technique Using Magnetic 

Nanoparticles

Positive detection of  

Phytopthora palmivora, causal 

organism of Black Pod Rot in 

cacao

Matting  using MNPs in Dengue 

virus (Dr. Alocilja research result)



Development of Nano-Biosensor for Fungal Diseases of Cacao

Blank With suspension

• Matting was observed on the

positive control (suspension).

• Image analysis may help in

providing more sensitive

measure of some parameters.

Sample: Lasiodiplodia theobromae spores

Image analysis of magnetic nanoparticle matting



Development of Nano-Biosensor for Fungal Diseases of Cacao

Original Gray Scale/8-bit B&W/Binary Calculation

Sample
Mean threshold 

intensity

Blank 171.167

With spore
suspension

194.457

Sample: Lasiodiplodia theobromae spores

The intensity of matting in
the presence of the spores
was calculated to be greater
than that of the blank.

Image analysis of magnetic nanoparticle matting



Development of Nano-Biosensor for Fungal Diseases of Cacao

Diagnosis:

Specific Detection



Development of Nano-Biosensor for Fungal Diseases of Cacao

Cellphone/

Personal 

computer/

Laptop

Nanosensor Prototype



Dual hybridization and 

electrochemical detection
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Limit of Detection



High Performing Nano-Diagnostic Kit for 

Crop Diseases

Nanobiosensor 

Kit



Commodity Disease Causal Organism Site selection

Banana Panama 
Disease/Fusarium 
Wilt

Bunchy Top

Fusarium oxysporum f. sp. 
cubense (Foc TR4)

Banana Bunchy Top Virus 
(BBTV) vectored by aphids, 
Pentalonia nigronrvosa

Region XI (Davao)
World’s largest contiguous banana plantation 
with 432,000MT in 2017 

White Potato Late Blight

Rugose Mosaic 
Virus

Phytophtora infestans

Potato  Virus Y (PVY) vectored 
by aphids, Mysuz persicae

DA-CAR (Benguet)
110,752 MT; 85% of the total production

Tomato Bacterial Wilt Ralstonia (Pseudomonas) 
solanocearum

DA-Region I  (Pangasinan)
Leading tomato producing province with 16% 
total area

Mungbean Yellow Mosaic Mungbean Yellow Mosaic 
Virus (MYMV) vectored by 
whitefly, Bemicia tabaci

DA-Region II (Cagayan Valley)
Shared 30.2% of the total production second 
to Ilocos Region with 39.6% of the total 
production

Peanut Cercospora Leaf 
Spot

Cercospora araahidicola ? DA-Region I (Ilocos Norte)
35% of the total production

Site selection for field evaluation of nano-biosensor 

technology for the different commodities



Handheld 
potentiostat/galvanostat

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

magnetic nanoparticles 
are placed.

Pocket PC

Schematic of the proposed handheld 

barcode DNA diagnostic system adopted from 

Michigan State University.

Source: Dr. EC Alocilja, MSU, USA



Methodology

Overall schematic diagram :

Oligo probe functionalized 

magnetic nanoparticle
Target DNA from simple 

extraction procedure

Oligo probe-target DNA 

hybridization

Electrochemical detection

Determination of 

sensitivity and selectivity 

Validation 

(Phase II)



Detection of Dengue and 

Japanese Encephaitis Virus 

in Mosquitoes 



BACKGROUND

Dengue Virus (DENV)

- Causes dengue fever which can lead 

to dengue hemorrhagic fever (DHF) and 

dengue shock syndrome (DSS)

Japanese Encephalitis Virus 

(JEV)

- Main cause of viral encephalitis 

(inflammation of the brain)

Pictures from 

thenativeantige

ncompany.com
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NANODIAGNOSTI

C

Functionalized Magnetic 
Nano-Particles (MNPs)

Mosquito sample
(Aedes or Culex) Virus extraction and 

Concentration
using a simple
magnetic rack

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

Gold Nanoparticle with
Specific RNA/DNA probe
(Au probe)

RNA Extraction:
RNA/DNA
transcription
& Au Probe
hybridization

PCR-Less genomic
detection
Completed in 2h

TRIAGE TECHNOLOGY SPECIFIC DIAGNOSTIC TECHNOLOGY

Nanodiagnostics



FABRIKAM 63

NANODIAGNOSTI

C

SPECIFIC DIAGNOSTIC TECHNOLOGY

The Global Bio-Sensing Network with two novel technologies: Bio Surveillance System 

(Alocilja, 2018)

Nanodiagnostics



[Neglected] Tropical 

Diseases

Dengue virus*

(in mosquito)

HIV* * *
(Human 

Immunodeficiency Virus)

Tuberculosis * * *

Food- and Water-borne 

Pathogens

Plant Diseases Animal and Veterinary 

Science***

Organic Fertilizer Bioterrorism Agents***

Escherichia coli 

O157:H7*

Listeria 

monocytogenes*

Abaca*

Banana*

Coconut***

Pineapple***

Bacterial 

contaminants

Chemical

contaminants

Salmonella** Bacillus anthracis

Cholera

Viral pathogen

Anti-microbial 

resistant organism

Smallpox
* On-going

** Evaluated for funding

*** Future plan

Nano-Biosensors Program

Cacao*
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Sandw iched Hybridization
Created by: Matthew Vasher

Biotinylated 

capture probe

Polyaniline labeled 

detector probe

PANI

PANI
PANI

Sandwiched hybridization of 

DNA targets on PANI NPs

PANI PANI

Magnetic separation

PANI
PANI

PANI

PANI-Target-Biotin DNA

AuNPs Streptavidin

SPCE

Reference & counter electrode

Working electrode

Polyester backing

Attachment of target DNA hybrids on AuNP-

streptavidin-modified SPCE biosensor

Electrochemical detection of 

PANI NPs AuNP-streptavidin-modified SPCE biosensor

Target DNA



Economic Analysis

Cost-Benefit Analysis: Three-step analysis

Step 1 - Identify all the potential benefits of the technology

Step 2: Identify all the relevant costs of the technology

Step 3: Compare the costs to the benefits estimated in steps 1 and 2

Test Component Amount/test Cost/test (in PhP)
Triage MNP

Other materials 
(Eppendorf tube, 
extraction solution, 
magnetic rack, 
dropper)

0.025mg 2.55 ($0.05)
7.45 ($0.15)

Total Cost 10.00 ($0.20)

Diagnosis MNP
AuNP
Other materials

0.5mg
30µL

50.00 ($1.00)
10.20 ($0.20)
40.00 ($0.80)

Total Cost 100.00 ($2.00)

Estimated Cost for Detection of Crop Diseases using “CROPBIOQUEST “ High 

Performing Nano-Diagnostic Kit for Crop Diseases per test /sample

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

Source: http://www.strategyr.com/MarketResearch/Biosensors_Market_Trends.asp



Sample Preparation

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

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

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

Capture DNA by dipping the filter paper in the lysis buffer

Wash non-target molecules by dipping the filter paper into wash buffer

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

Detect extracted genomic DNA using DNA-based 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 L. 

monocytogenes



ttps://www.fsis.usda.gov



Comparison of Nanobiosensor and 

Commercially Available Kits



Validation sites for 

Nanobiosensor

BIOTECH-UPLB has

negotiated with or entered into

agreements with the following

companies and/or agencies:

• Agrichexers Corporation 

(Bulacan)

• St. Ambrose Farm (Laguna)

• ASTS Laboratory (Gen. 

Santos)

• La Filipina Uy Gongco Corp. 

(Iloilo)

• Vitarich Corporation 

(Bulacan)

• Pilmico Corporation (Tarlac)

• National Meat Inspection 

Services (Quezon City)



Conceptual Framework

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



Proof of Concept for Agricultural use

Positive detection of  Phytopthora 
palmivora, causal organism of Black 
Pod Rot in cacao

Negative Positive Positive

Matting  using MNPs in 
Dengue virus (Dr. Alocilja 
research result)

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



Economic Viability

Weekly costs to farmers for pest management activities (php / 

hectare)

Non-IPM Calendar Spray 

Program (No monitoring)

IPM with monitoring system 

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 

cost/month

5,000 php total cost for 

calendar spraying

2,500 php total cost under IPM

Example of demonstrating the economic benefits of crops grown under IPM

with monitoring system versus conventional “calendar spraying” programs.

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



 Enterohemorrhagic Escherichia coli (EHEC), a subset of Shiga toxin-

producing E. coli (STEC) strains, is a leading cause of bacterial enteric

infections in the United States and worldwide.

 EHEC causes ∼100,000 illnesses, 3,000 hospitalizations, and 90

deaths annually in the United States alone.

 Most of these illnesses have been linked to consumption of foods

derived from animal products and, recently, organically grown

vegetables.

 Although O157:H7 is currently the predominant serotype and

accounts for ∼75% of EHEC infections worldwide, several non-O157

EHEC serotypes are also emerging as serious concerns for foodborne

illnesses.

 In the United States, a group often referred to as the “Big 6” (O111, O26,

O121, O103, O145, and O45) accounts for the majority of the non-

O157:H7 serotypes isolated from clinical infections and, therefore, is also a

focus of concern.

Enterohemorrhagic Escherichia coli (EHEC), a subset of Shiga toxin-

producing E. coli (STEC) strains, is a leading cause of bacterial enteric

infections in the United States and worldwide.

EC causes ∼100,000 illnesses, 3,000 hospitalizations, and 90 deaths

annually in the United States alone.

Most of these illnesses have been linked to consumption of foods

derived from animal products and, recently, organically grown

vegetables.

Although O157:H7 is currently the predominant serotype and accounts

for ∼75% of EHEC infections worldwide, several non-O157 EHEC

serotypes are also emerging as serious concerns for foodborne

illnesses.

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



Development of an 

Electrochemical DNA – Based 

nanobiosensor for the Detection 

of Phytophthora palmivora

(Butler) Butler in Soil and in 

Theobroma cacao L. PodsAnthony James del Mundo Franco

MS Agricultural Chemistry



Preparation of samples

Plant samples

Inoculation

Tissue 
excision

DNA 
extraction

Soil samples

Inoculation 
using 
zoospores

DNA 
extraction



DNA extraction

Pure mycelia

• ZR Fungal/Bacterial DNA MiniPrepTM (Catalog No. D6005)

Soil samples

• ZR Soil Microbe DNA MiniPrepTM (Catalog No. D6001)

Plant samples

• Quick-DNATM Plant/Seed Miniprep Kit (Catalog No. D6020)



Isolation of P. palmivora

Purified P. palmivora isolates obtained from (Left) Davao 

and (Right) Isabela, Philippines grown on QS – PDA

Optical micrograph of the P.palmivora isolates 

obtained from (Left) Davao and (Right)Isabela, 

Philippines (40X Magnification)

• Presence of papillate 

sporangia suggests that the 

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 set – up containing the 

inoculated cacao pods

• Lesions on all 

inoculated pods were 

observed at 3 DAI.

• At 5 DAI, mycelial 

growth on pod surface 

is observable



Pathogenicity tests

Cacao leaves inoculated with

P. palmivora showing dark

necrotic lesions 3 days after

inoculation

Cacao leaves inoculated with

P. palmivora showing dark

necrotic lesions 3 days after

inoculation



Conjugation of EAM and detector probe

EAM – probe conjugation
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Reduction of fluorescence intensity of 6-

Carboxyfluorescein versus increasing

concentration of EAM

• Used 3’-carboxyfluorescein 

labelled detector probe to 

determine the 

concentration of EAM that 

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 electrochemical 

detection

Effect of scan rate
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Anodic and cathodic peak current of EAM

in 0.1 M HCl at different scan rates

Electrochemical response increases linearly as scan rate increases. This

implies that the redox process on the electrode is diffusion – controlled. This

suggests that the current measured is proportional to the concentration of

the transducer.



Dual hybridization and electrochemical 

detection
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• Electrochemical detection

of the formed hybrids was

successfully

demonstrated

Cyclic voltammograms of Streptavidin –

modified electrode, EAM added electrode,

and P. palmivora genomic DNA hybrids on

the electrode in 0.1 M HCl at 50 mV/s.



Limit of Detection
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Electrochemical response of the biosensor on P. palmivora

genomic DNA concentrations ranging from 0 to 5.0 ng/µL in

0.1 M HCl at 50 mV/s



Limit of Detection

Anodic peak height at different P. palmivora genomic

DNA concentrations ranging from 0 to 5 ng/µL in 0.1 M

HCl at 50 mV/s (Mean ± SD; n = 3).Statistical analysis

through Tukey’s Honest Significant Difference Test was

performed at 95% confidence. Inset: Plot of anodic peak

height versus P. palmivora genomic DNA concentration.



Precision

DNA extract source Average RSD

Pure mycelia 22.16

Plant samples 36.36

Soil samples 40.03

Other fungi 30.17

DNA extract sources and the corresponding 

average RSD of anodic peak heights

• All the values are greater than 

10% which suggests that the 

repeatability of the detection is 

unsatisfactory

• The variation could be attributed 

to:

• EAM aggregation

• Washing step at the electrode

Which could be addressed by 

using less EAM

• Although unsatisfactory, the 

precision is enough to establish 

statistical significance of results. 



Selectivity
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Anodic peak height of cacao – associated fungal species (Mean ± SD; n 

= 3). Statistical analysis through Tukey’s Honest Significant Difference 

Test was performed at 95% confidence.

Result suggests that the nanobiosensor can distinguish P. palmivora 

among other cacao – associated fungal species. 



Detection on Plant Samples
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Agarose gel electrophoretogram of the PCR products

from the inoculated cacao leaf samples. Lanes: A – 1 kb

Ladder; B – DNA extract from pure P. palmivora

mycelia; C – No template control; D – Excised leaf

tissue at position K0; E – Excised leaf tissue at position

K1; F – Excised leaf tissue at position K2

Anodic peak height of inoculated cacao leaf tissue samples

obtained at different distances from the lesion margin (Mean

± SD; n = 3). Statistical analysis through Tukey’s Honest

Significant Difference Test was performed at 95%

confidence.

Detection was successful at positions K0 and K1 but not at K2. This suggests that

positive detection is possible in plant samples with moderate to severe infection.

Leaf sample



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
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Agarose gel electrophoretogram of the PCR

products from cacao pod samples. Lanes: A – 1 kb

Ladder; B – DNA extract from pure P. palmivora

mycelia; C – Healthy pods; D – Inoculated pod

with P. palmivora; E – Cacao pod sample showing

lesions; F – No template control.

Anodic peak height of cacao pod samples (Mean ± SD; n = 

3). Statistical analysis through Tukey’s Honest Significant 

Difference Test was performed at 95% confidence

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

b
b

b

a

b

0

2

4

6

8

10

12

14

16

18

Blank Uninoculated
fresh soil

Uninoculated
sterile soil

Inoculated
fresh soil

Inoculated
sterile soil

P
e

ak
 h

e
ig

h
t,

 u
A

Agarose gel electrophoretogram of the PCR

products from the soil samples. Lanes: A – 1 kb

Ladder; B – DNA extract from pure P.

palmivora mycelia; C – Uninoculated sterilized

soil; D – Uninoculated fresh soil; E – Inoculated

sterilized soil; F – Inoculated fresh soil; G – No

template control

Anodic peak height of soil samples (Mean ± SD; n = 3). Statistical

analysis through Tukey’s Honest Significant Difference Test was

performed at 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. 



TEM image of dextrin-capped gold nanoparticles (AuNPs). Inset 

shows the size distribution.

Characterization of AuNPs



Functionalization of Electrically Active Magnetic 

Nanoparticles (EAM NPs)

Pal and Alocilja, 2010

• EAM NPs – core: Fe2O3,

coat: polyaniline

has  high electrical and 

magnetic        

properties

• Detector Probe (Ph-PRO) –

Oligonucleotide phosphorylated 

and labelled with fluorescent 

[6-fluorescein (FAM)] dye

Detector Probe 

Original sequence: CCCCCTCAACTGCTAATAGTTCTGCGCATCAGAATTGCCCCCAGAGTGGA 

Reverse Complement:  

5’-Ph-TCCACTCTGGGGGCAATTCTGATGCGCAGAACTATTAGCAGTTGAGGGGG-FAM-3’ 

GC Content: 52.9% 



Electrically-active Magnetic Nanoparticles 

(EAM NPs)

EAM

γ-Fe2O3

polyaniline



Determination of 

Conjugation Efficiency

FAM-labeled oligonucleotide probe

Emmision : 520 nm  



Functionalization of Electrically Active Magnetic 

Nanoparticles (EAM NPs)

10 mg/mL EAM NPs was chosen since efficient conjugation

was observed  based on fluorescence measurements.

With Without

EAM NPs EAM NPs





Zuorob et al., 2005



Absorbance spectra of unmodified and functionalized 

gold nanoparticles. 

Characterization of AuNPs



Determination of 

Conjugation Efficiency



Functionalization of Electrically Active Magnetic 

Nanoparticles (EAM NPs)

Pal and Alocilja, 2010

• Fabrication of EAM NPs labeled detector probe 

Pal and Alocilja, 2010

EAM Ph-PRO +

EDC

EAM- Ph-PRO

Read Fluorescence Intensity 

(0.1 s FAM)

(λexcitation = 485 nm, λemission = 535 nm)

Conjugation Efficiency



Nanobiosensor Design (Pal and Alocilja 2010):



Screen printed carbon electrode 

(SPCE)



Electrochemical detection

Pal and Alocilja, 2010

Screen 

Printed 

Carbon 

Electrode 

(SPCE)





Magnetic separation



Laboratory



Nano-structured Materials

Health

Other NPsNanocapsulesAuNP from PGPB

Agriculture Food 

packaging

Other 

applications

Nanosensors/

Diagnostics

Delivery

systems Crop 

improvement

/protection

Diagnostics

Vaccines

Safety 

assessment Microorganisms

Plants

Precision 

farming

The                    Laboratory

AuNP from PGPB Nanocapsules



Food- and Water-borne 

Pathogens

Plant Diseases [Neglected] Tropical 

Diseases
Animal and 

Veterinary Science***

Organic Fertilizer Bioterrorism Agents***

Escherichia coli 

O157:H7*

Listeria 

monocytogenes*

Abaca*

Banana*

Coconut***

Pineapple***

Dengue virus*

(in mosquito)

Bacterial 

contaminants

Chemical

contaminants

Salmonella**
Bacillus anthracis

Cholera

Viral pathogen

Anti-microbial 

resistant organism

Smallpox
* On-going

** Evaluated for funding

*** Future plan

Nano-Biosensors Program

The 

Laboratory

HIV*
(Human 

Immunodeficiency Virus)

Tuberculosis*



EDC/NHS

SDS

DNA-NH2

AuNP with Dextrin and 
Galactose

AuNP with Dextrin and 
Galactose + SDS

AuNP + SDS+ 11-MUDAAuNP + SDS + 11-MUDA + DNA-NH2

11-MUDA

Schematic for the One-Pot Functionalization of AuNP



Scale showing the dimensions of different 

nanometric and micrometric object

Warad and Dutta



Surface Plasmon 

Resonance



The electromagnetic spectrum and the 

classification of the spectral region

Surface Plasmon Resonance

Au
e-

e-
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The electromagnetic spectrum and the 

classification of the spectral region

Surface Plasmon Resonance

Au
e-

e-

e-

e- e- e-

e-

e-
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Application of AuNP in 

Biosensor



Application of 

Nano-Biosensor

Pathogen Detection



MP-Oligo Probe+ 

Target DNA

Suspension of magnetic

iron oxide particles coated

to provide primary amine

groups



Magnetic particle (MP) + 

Oligo Probe

Phosphate terminated-oligonucleotide probe:

(5’- /5Phos/AA AAA AAA AAA ACC TCG CAT TAC CCT TAC GCT G – 3’

Carboxylated 

AuNP

MP-NH2

DNA-Phos

DNA-Phos



Pumera et al., 2005

Differential Pulse Voltammetry (DPV)



- MP (magnetic particle)

- Complementary DNA 1

- AuNP + Complementary DNA 2

- Target DNA 

Target DNA
AuNP with 2nd DNA probe

Magnetic separation

Electrochemical detection

Symbols:

Method:

Schematic Diagram of the Target DNA Detection System





Cyclic voltammetric analysis 

of polyaniline-coated EAM 

NPs:

Two redox peaks:

1. +0.118 V

2. +0.600 V

Scan rate: 20 mV/s

Potential applied: -0.4 V to 

+1.0 V

Source: Pal and Alocilja, 2010

Source: Song and Choi, 2013



AuNP + SDS + 11-MUDA + 

DNA-NH2

Hermanson, 2008

Carboxylated 

AuNP

DNA-NH2

Amino-modified oligonucleotide probe 

(5’- 5AmMC6/ AAACGCTGGAGCGTTCCGTATAACG – 3’) 

DNA



Determination of 

Conjugation Efficiency

FAM-labeled oligonucleotide probe 

(5’- /56-FAM/ AAACGCTGGAGCGTTCCGTATAACG

/3AmMO/ – 3’) 

Emmision : 520 nm  

DTT 
(1, 4-dithio-DL-threitol)



Development of a Portable 

Nanodiagnostic Kit for the Detection 

of the Dengue and Japanese 

Encephalitis Virus in Mosquitoes

Project  Leader :  D iv ina M.  Amal in ,  PhD

Implement ing  Agency :  De  La  Sa l le  Un ivers i ty,  

Mani la



P r o g r a m  L e a d e r :  M a .  A n i t a  M .  

B a u t i s t a ,  P h D
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Program: Land Use Change in Makiling Forest Reserve and Its Impact 

on                                                                                                 

Dengue Transmission in the Area

PROJECT 1

Mosquitoes of Makiling Forest Reserve 

Areas with Characteristic Land Use and 

Survey of their Arbovirus Diversity 

through Vector-enabled Virome

Sequencing (VEVS)

Dr. Ma. Anita M. Bautista – NIMBB, UP 

Diliman)

PROJECT 2

Detection and Characterization of 

Arboviruses from Mosquito Samples

Dr. Mark Pierre S. Dimamay – St. Luke’s 

Medical Center

PROJECT 3

Development of a Portable Nanodiagnostic Kit for the Detection of the Dengue and Japanese 

Encephalitis Virus in Mosquitoes

Dr. Divina M. Amalin and Dr. Lilia M. Fernando- De La Salle University, Manila
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PROGRAM INTEGRATION
Project 1

A Study of Mosquitoes of Makiling

Forest Reserve Areas with 

Characteristic Land Use and Survey 

of their Arbovirus Diversity through 

Vector-enabled 

Virome Sequencing (VEVS)

Project 2

Detection and characterization of 

arboviruses from mosquito samples

Project 3

Development of a Portable Nano 

Diagnostic Kit for the Detection of 

the Dengue and Japanese 

Encephalitis Virus in Arthropods

• Collect mosquitoes and  

other arthropods  potentially 

carrying arbovirus(es)

• Conduct molecular 

identification of mosquitoes

• Perform taxonomic and 

phylogenetic analysis of virus 

sequences

• perform taxonomic and 

phylogenetic analysis of virus 

sequences

• detect and isolate 

Dengue, Zika, 

Japanese Encephalitis 

(JE), and Chikungunya 

viruses from 

mosquitoes collected 

through Project 1 of 

the program

• develop a portable 

nanopartIcle-based sensor for 

the detection of the dengue 

and Japanese encephalitis 

virus in arthropods, which 

includes triage technology and 

diagnosis technology

• Primers to be provided by 

Projects 1 & 2

• Provide Project 2 

and 3 with 

mosquitoes and 

sequences of 

dengue (and other 

arboviruses) 

resulting from 

virome sequencing

• Conduct next generation 

sequencing of genes for 

characterization of viral 

isolates

• Provide Project 3 isolates 

of dengue and Japanese 

encephalitis virus for the 

validation of Au probes

BIOSURVEILLANCE DATA

(alarm indicator along with 

meteorological data for 

early warning system) 
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PROJECT 3- Development of a Portable Nanodiagnostic Kit for the 

Detection of the 

Dengue and Japanese Encephalitis Virus in Mosquitoes

COOPERATING AGENCIES

1) Nanobiotechnology Laboratory, National Institute of 

Molecular Biology and Biotechnology (BIOTECH), UP Los 

Baños

2) Philippine Genome Center (PGC)

3) National Institute of Molecular Biology and Biotechnology 

(NIMBB), UP Diliman

4) St. Luke’s Medical Center 

5) Research Institute for Tropical Medicine (RITM) 

6) Nanobiosensors Laboratory, Michigan State University

7) DOH- Epidemiology Bureau and Disease Prevention and 

Control Bureau (DPCB)

DURATION 

24 months

FUNDING AGENCY 

Department of Science 

and Technology (DOST)
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Aedes aegypti

Culex sp.
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BACKGROUN

D
1) Dengue

2) Japanese 

Encephalitis



FABRIKAM

Development of 

portable nano-

biosensor kit

Triage 

Technology

DNA-Based 

Diagnosis

Technology

Determination of 

sensitivity and 

specificity in the 

laboratory

Using cell lines 

infected with the 

target virus (isolates 

to be provided by 

Project 2)  

Validation and field 

pilot testing

Mosquitoes collected from 

Mt. Makiling to be 

provided by Project 1 and  

new mosquito collections 

from other areas using 

ARTiST

Capacity Building

DOH and RITM

Data generated will be 

used for Biosurveillance

Outcome Action

PROJECT 3 framework

Ph p 2 0 -5 0

Ph p 1 0 0



FABRIKAM

PROJECT 3 frameworkSTRATEGY



General 

objective

141

SPECIFIC OBJECTIVES

Develop a portable nanoparticle-based sensor for the 

detection of dengue (all 4 serotypes) and Japanese 

encephalitis virus in mosquitoes, which includes 

triage technology and diagnosis technology

Design oligonucleotide probes for the detection of the 

dengue and Japanese encephalitis virus in mosquitoes

Functionalize metallic nanoparticles with the designed 

probes for the detection of the dengue and Japanese 

encephalitis virus through matting

Perform electrochemical detection of the dengue and 

Japanese encephalitis virus using the oligo probe 

functionalized nanoparticle



General 

objective

SPECIFIC OBJECTIVES

Develop a portable nanoparticle-based sensor for the 

detection of the dengue (all 4 serotypes) and 

Japanese encephalitis virus in mosquitoes, which 

includes triage technology and diagnosis technology

Determine the sensitivity and specificity of the fabricated 

nanosensor

Develop a forecasting model based on input from nanosensor

data, weather data, environmental data for predicting 

potential disease outbreak



FABRIKAM 143

Nanodiagnostic

Functionalization of 

metallic nanoparticles with 

the oligonucleotide probes 

Fabrication of nanosensors

Hybridization and 

electrochemical 

detection of the viruses

Determination of limit of detection, 

sensitivity and selectivity of the 

fabricated sensor 

Preparation, 

synthesis and 

characterization of 

metallic nanoparticle

Conjugation and 

Optimization 

Designing of probes 

specific for the DENV 

and JEV

ARTiST

Oviposition attractant 

experiments

1) Releases of mosquitoes (sequential 

experimental design)

2) Identification of the most 

effective attractant and 

determination of its chemical 

profile

3) Biological assay using olfactometer

Designing and 

implementation of two 

types of trapping system

Field testing



FABRIKAM

Building ARTiST: Automatic Real Time 

Surveillance and Trapping of Adult Mosquitoes 

for Entomologic Surveillance

a) Wingbeat Sensing

b) Wingbeat Frequency 

Determination

c) System Implementation

d) Sensor Chamber Segment 

Design

e) Detection Electronics

f) Microcontroller

g) Code

h) Data Storage

144

ARTiST

Trap’s Features



FABRIKAM 145

ARTiST

Gaps to address:

1. ‘’…ovicyte and larval indices offer little value with respect to surveillance because 

of the low survival rates of eggs and larvae (DOH Probing Mosquito Upsurge).’’

2. Conventional traps cannot automatically count and identify trapped mosquitoes to 

give real-time count data for entomologic surveillance.

3. Expensiveness- ARTiST will be cheaper since local materials will be used.
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Validation and field testing 

of in hotspot areas 

Development of disease 

modeling and forecasting 

technology for predicting 

potential disease outbreak

Capacity building and 

technology transfer

Construction and 

development of 

nano-biosensor kit

ARTiST

Oviposition attractant 

experiments

1) Releases of mosquitoes (sequential 

experimental design)

2) Identification of the most 

effective attractant and 

determination of its chemical 

profile

3) Biological assay using olfactometer

Designing and 

implementation of two 

types of trapping system

Field testing
Economic Analysis

NANODIAGNOSTI

C
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NANODIAGNOSTI

C

NANODIAGNOSTI

C

SPECIFIC DIAGNOSTIC TECHNOLOGY

Target DNA (e.DV and JEV)

Non-Target DNA

Au-NP

Au-NP

Mechanism of 

nanobiosensor

MNP + Gold Nanoparticles


