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Timeline for DNA processing technologies

Sequencing (Sanger, 1976): separation and genetic identification

1900 1937 1953 1981 1986 2001 2005
i | | | >
Electrophoresis Electrophoresis in ABI Prism Next Gener.atlon
of enzymes gels Sequencing
(Hardy) (Grabar)
Human Genome
Separation of proteins Project
(Tiselius) Capillaries
(Jorgenson)



Timeline for DNA processing technologies

Blotting (Southern, 1975): separation & blotting for identification

1900 1937 1953
] | >
Electrophoresis Electrophoresis in
of enzymes gels
(Hardy) (Grabar)
Separation of proteins Affimetrix
(Tiselius) (Fodor,1992)

Identification without separation



Timeline for DNA processing technologies

Lab on chip
(Austin,
Manz)
1900 1937 1953 1981 T 2005
] | | | >
1990
Electrophoresis Electrophoresis in LabChip
of(er;ngyn)es (Ggae:ar) Agilent / Caliper
Electrophoresis on chip
Separation of proteins -> process time “jl min
(Tiselius) Capillaries -> limit of detection 5 ng/mL

(Jorgenson)



Evolution of the format for separation

DNA separation: electrophoresis remains the main technology
-> are there additional opportunities for microfluidics ?

-> DNA sequencing tells us that some opportunities are still available
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Sequencing by Pacific Biosciences (2003)

A Zero Mode Waveguide (ZMW) Array B Free proteins with fluorescent labels

Aluminum

Cross-section of ZMW
DNA

Confined excitation
region

Bound protein and
fluorescence

Laser illumination \

Silica substrate

Nanofabrication & single molecule detection
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'ff\\"?s Contribution du LAAS a I’'analyse génétique

Revisiter technologies de séparation et concentration d’ADN

Lab on a chip ﬁ

Selective enrichment

=

Detection

Patient blood Optical
plasma Detection

Selective enrichment

§  Target DNA ¢ Labelled DNA

Y  Proteins

+ Other

Integrated lab on a
chip prototype




Principe de fonctionnement

Selective enrichment by size

Combined action of an hydrodynamic actuation and an electric field in a viscoelastic fluid.

—— Hydrodynamic Electrophoretic T
DNA . o <« p
% Q mobility mobility Transverse force
Ranchon et al, Lab on a chip 2016 Patent: Bancaud, Ranchon, Leichlé, Teerapanich (08/2014) — FR 1457 544 (CNRS)
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Mise en ceuvre expérimentale

100 bp ladder,
YOYO labelled

was'0
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Time lapse of DNA ladder processing

2 bars, 33V

Enrichment factors determination
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Performances: détection de 1 pg/mL en 1 min

Ranchon et al, Lab on a chip 2016

* Comparison vs. commercial devices sensitivity performances
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v Sensitivity 1pg/mL vs. 10ng/mL for commercial
devices
v Processing time < 5 min
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LAAS
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Experimental evidence in 2012

Electric & Hydrodynamic actuation
— Objective: maintain the molecule in the field of view

A-ADN (48.5 kpb) in a microchannel of H=2 um
- High intensity illumination -> DNA breaks occur in real time!
- Addition of Poly-vynilpyrrolidone (PVP)

Hydrodynamic
Force

Electrophoretic
Force
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Transverse migration across the channel height

H=12 um -
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Optimal separations
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kb-extend separation takes 3 hours according to NEB supplyer
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CE Agilent + Picometrics LIF detector

Capillaire en

bobine Chambre Carrousel 50

, positions
= thermostatée . .
o 2T Fibre optique

Capillaire installé dans la Téte optique

cassette de I’'instrument /

Détecteur de
fluorescence

Remplissage et
vidage du
tampon d’analyse




DNA separation according to uLAS phenomenon

Microchip format

0.5 kph 1.5kpb 3kph 5kpb

E
Retention time (min)

0 2

1kph 2kpb 4kpb 6kpb 10kpb

CNRS-LAAS results — courtesy of A. Bancaud

Capillary Electrophoresis format

: 2b
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Picometrics results

3kb




MLAS concentration — capillary format

. - Strong viscoelastic lift force
Weak viscoelastic lift force g ftf

Molecule goes forward Molecule goes backward,
carried awag by bulk flo;v Concentration sliding along the wall by
v oy area electrophoresis

Capillary junction — 100/20 pm DNA concentration at capillary junction



MLAS concentration — capillary format

Fluid flow
electrophoresis

At t=0, there is DNA both in the large and the small capillary
Video speed : 2X
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The BIABooster : a plug-in for a commercial CE

BIABooster device Injectio
n
chamb Separation
tip-0.1pb-ag capillary 0.3 l
s . OUTLET

LIF detection

Junction of concentration CE 7100 Agilent +

Picometrics LIF detector

Modified 7100 cassette




Example of application : Cell-free circulating DNA

Getting a DNA profile of plasmatic free DNA is impossible using existing electrophoresis systems.

But it is an easy thing with the BIABooster :

100 bp ladder

indivi 1 nucleosome
cfDNA (healthy individual) High MW DNA

U l 2 nucleosomes 1000 1

§ 10 15 i) ol

< > < >
concentration Separation




Application au Cancer, IUCT

Healthy individuals Metastatic patients

With the courtesy of G. Favre and A. Pradines, Toulouse
Oncopole



Benchmark
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Séparation kb extend: optimisation de matrice

PVP 30kDa; 2 bar (1,5 mm/s)- 25 V/cm; kb ladder extend;
capillaire ID=25um
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Travail de thése de Nicolas MILON
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Vers 100 kb en 18 minutes

kb ladder extend (bleu) et 98 kb (rouge); ID=25um
Projet avec CNRGV (BAC purifié)
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Vers 200 kb en 20 minutes

kb ladder extend (bleu), 75 kb (rouge) et 150 kb (vert); ID=25 um
Projet avec CNRGV (BAC purifié)

ADC1 A ADC CHANNEL A (SEM1E22SEPARATIONOOXCZD)
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Microfabrication salle blanche

Wafer Si

Photolithograhie

Gravure DRIE

Microsablage

Passivation SiO,

Soudure anodique

Image MEB puce 1=300um, h=20pum
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Focalisation hydrodynamique et tri

oV

Accélérée 10X

» S. Méance, B. Chami,
L. Boyer, C. Blatché,

A. Bancaud
MicroTAS 2016 SOUMIS
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Conclusion et perspectives

MLAS: empilement des fonctions en ligne, séparation,
enrichissement, tri et détection

Transfert démontré pour ’ADN de faible MW
Pistes de développement pour ’ADN de haut MW

Fonction d’identification en cours d’évaluation brevet

Perspectives
Consolider le tri d’ADN -> en lien avec les séquencages
Travail sur le plasma direct sans purification

Manipulation optimisée d’échantillons en petite quantité
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