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International collaborative research project
"Paper-Based Sensor Devices for Rapid and
Accurate Detection of COVID-19"
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International Collaborative Research with France
Genot group (France) Minami group (Japan)

Development of - .10raiion| EStablishment of
materials for RNA paper-based array
detection and image analysis

Development of a rapid detection method for RNA
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ANR Flash call covid-19

The french National Agency for
Research (ANR) opened a flash call
on covid-19 in March.

Budget initially 2M£, increased to
14.5 M€

279 applications, 86 projects
selected

Collaboration with various research
fields (ex. engineering, biology,
medicine, mathematics, ethics,
sociology, and law, etc.)

L'ANR et la recherche

ACTEURS DE PROJETS

Appels a projets

INSTITUTIONS
PUBLIQUES OU PRIVEES  JOURNALISTES

Projets financés et impact

Investissements d'avenir

[ — Déposer un projet ) Q @
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FLASH INFO Covid-19: les actions de 'ANR en soutien a la recherche. Lire la suite

10/04/2020
Flash ANR Covid-19 : 86 projets financés pour un budget de

14,5 M€ et poursuite d’'un appel ouvert en continu RA-ANR
Covid-19

Dans le cadre de I'appel Flash Covid-19 visant a mobiliser les communautés scientifiques en lien avec le

de I'épidémie, IANR a
financement immédiat, 86 projets de recherche couvrant un grand nombre de problématiques liées a la
crise. Le budget de cet appel a été augmenté significativement & hauteur de 14,5 M€ grace au fonds
d'urgence alloué par le Ministére de I'ensei dela etde ion (MESRI) et au soutien
de partenaires financeurs. Au regard de la situation évolutive, I'appel restera ouvert avec un nouvel appel
RA-Covid-19 pour répondre aux nouveaux besoins urgents de recherche-action (RA).

é au terme de son processus d'évaluation, pour

&, Télécharger le communiqué de presse

Examples of themes:

® preventive measures

® treatments, including vaccines
® large-scale testing

® seroprevalence studies

®* epidemiological rebounds

® unlocking strategies

Les dernieres actualités

Quels sont les impacts des
changements d'usage des
terres sur femergence de
Préparation et réponse
"8 rapide face aux menaces

& biologiques  les résultats
Covida9 : évolution du
calendrier des appels &
projets de PANR

Appel flash Covid-19 :
Premier financement t
immédiat pour le

—> Voir toutes les actualités




Our project

FindCov M&m-

- Common equipment
- Ship by post

High Speea

96 tests in 1h |

{ 1 test< 1€

Fast, simple and enzyme-free
detection of SARS-CoV-2

Goal: Establishment of a rapid, simple and enzyme-free
detection method for SARS-Cov?2




Covid-19

Splke Glyoogeateln (5)

Membrane Protein (M)

RNA and Nocleocapaid
Protein (N)

Envelope (E)

- Lipid Mamtesne

promega.jp

Features

* Long incubation time

Massive testing
neeeded

JUNG YEON-JE | AFP

In South Korea

* test approved in a few days

* Many asymptomatic carriers ¢ ~20,000 tests/day

Li et al., Science 2020.

* Contact tracing

Massive shortage
of tests

Biotechnology

Why the CDC botchedits
coronavirus testing

The first testing kits from the Centers for Disease Controlhad a
simple fault, and red tape prevented other labs from creating their
own.

by Neel V. Patel

Coronavirus: White House concedes US
lacks enough test kits

® 6 March 2020 f © v [ < shae

Coronavirus pandemic

Reasons

Lack of reagents
Lack of manpower
Cost

Reliability



Limitations of PCR (and enzymatic methods)

Co?l\g:tl?on ——» RNA extraction—» Reverse . Amplification ——» Readout
from sample Transcription of cDNA
Shortage Needs device for

_ _ Needs enzymes _
of extraction kits temperature cylcing

and fluorescence reading

takarabio.com Biorad.com

Tweeter



Can we do differently ?

Swab » | RNA extraction|— Reverse — Amplification] —— Readout
collection from sample transcription of cDNA
Why do we need to Why do we need to Do we really need to
extract RNA ? reverse transcribe RNA? amplify DNA?
>To remove enzyme-inhibiting >DNA Polymerase does not >Bulk fluo. detectors
Contaminants work on RNA need billions of

fluorescent molecules

The community of immuno assays has detected proteins
for 50 years without all this !



/WP1 : Sample Processing

WP2: Bead clustering
on viral RNA
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WP3: Clustering detection
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WP4: Full
Packaged-assay
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f WP5: Clinical Validation @

- Common equipment

- Ship by post
(no enzymes)

High Speed

96 tests in 1h

{ 1test< 1€




ANR Flash FindCov
project

Simple, fast and enzyme-free detection of SARS-Cov-2
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Chemosensor Array

Olfactory system Array of Differential Sensor Array

Receptors |
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K. Suslick et al., Nature 2000, 406; E. V. Anslyn et al., Angew. Chem. Int. Ed. 2001, 40, 3118; T. Minami et al.,
J. Am. Chem. Soc. 2013, 135, 15238; T. Minami et al., Coord. Chem. Rev. 2021, 429, 213607.

Chemosensor arrays can achieve high-throughput sensing in

combination with pattern recognition algorithms.



Chemometrics for Analytical Chemistry

Data collection

Sensing
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Recording

Multi-dimensional dataset

Input

Data analysis

Preprocessing

Student’s t-test

Outlier detection

Feature extraction

S
Prediction

e

Classification

S—
Model selection

Hypothesis test

Review see; T. Minami et al., Coord. Chem. Rev. 2021, 429, 213607.

Result

Qualitative assay

Discrimination of

“species”

Semi-quantitative assay

Discrimination of
“species” and
“their concentrations”

antitative assay

Prediction of
“unknown
concentrations”




Outline of the Chemometric Analysis
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On-site Detection Optical Devices

Quantitative discrimination on glass chips
Semi-quantitative assay Regression analysis in a wine
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Paper-based analytical devices (PADS) =g\
B [nexpensive, lightweight, and easy-to-store
B Requiring only small volumes of samples

G. M. Whitesides et al., Anal. Chem. 2009, 81, 5990. D. Citterio et al., Angew. Chem. Int. Ed. 2015, 54, 5294.
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RMSEC: 0.70
RMSEP: 1.68
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Aim: Development of paper-based “chemosensor array”
device (PCSAD) for quantitative assay




A Paper-based Array

Fabrication process

_ lamination
' paper
lamination
paper cover

Sensors
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lamination . .
Ink-jet printer

Discrimination of “species”
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T. Minami_et al., Anal. Chem. 2021, 93, 1179. [Actual target] f concentration



International Collaborative Research Project

Genot group (France)

lopment of
lals for RNA
etection

Collaboration

Minami group (Japan)

Establishment of
paper-based array
and image analysis

WP2: Bead clustering

on viral RNA
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WP4: Full
Packaged-assay

A

1 WP5: Clinical Validation
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- Common equipment

- Ship by post
(no enzymes)

High Speed

96 tests in 1h

{ 1 test < 1€




