o
ADVANCED
SEPARATIVE
TECHNOLOGIES

Dual Hydrodynamic and Electrokinetic Actuation in a
Capillary Assembly Enables DNA in Line
Concentration and Separation

Frédéric GINOT, ADELIS, FRANCE

CE PHARM 2024 Adelis



Presentation Plan

Basics of the dual hydrodynamic and electrokinetic actuation
Unrivalled sensitivity

In-line purification

Large DNA, up to 150 kb

DNA fractionation

A A S S

A new Multichannel-CE

4
. (]
CE PHARM 2024 Adelis -7 adelis ,



Basics of the dual hydrodynamic and electrokinetic
actuation



Ranchon et al. (2016); Chami et al. (2018)

Pressure driven flow
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large diameter, weak lift force
DNA is carried away by the flow
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small diameter, strong lift force
DNA slides backward along the walls
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electrophoresis
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Concentration video

pressure counter-electrophoresis
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' ~The BlABooster : a practical implementation

BIABooster device Injection
chamber
tip-0.1ul 1.8 Separation capillary 0.3 pl
INLET OUTLET
I LIF detection

Junction of concentration

CE-LIF system

Adapted CE cassette

asdelis (CE 7100 Agilent + ZETA LEDIF detector)
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The BIABooster : concentration + separation
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Fluorescence (RFU)
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Andriamanampisoa et al., Anal Chem (2018)

Malbec et al., Sci Rep (2019)
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Unrivalled sensitivity
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DNA 1K method

— Sizing range : 0.1-1.5 kb
— Sizing precision : 2% CV
— Sizing accuracy : 3%

— Quantification precision : 15% CV
— Quantification accuracy : 20%
— Dynamic range : 1000
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Concentrate sample at inlet junction
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Concentrate and separate as usual
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Fluoresecnce (RFU)
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—1 injection
3 injections
—>5 injections
8 injections
10 injections
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In-line purification for analysing unpurified samples

Application to cfDNA and other biological fluids
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In-line purification principles

DNA is a large molecule, even at 100 bp (~63 kDa), and highly
negatively charged.

Smaller molecules, or less charged, or positively charged, will be
washed away by the buffer during concentration.
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Problematics with salts

DNA in buffer DNA in salty solution
p1~10 Q.m p,~10 Q. m p1~10Q.m p,~0.7 Q1. m (plasma)
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Small DNA leaks out during E, is too small
2

concentration,
... but more slowly than salts <_|
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4. Iterate concentration & back pressure

P -E
— -«

P X times

2. Start concentration; pressure + voltage

P
—

-E

e

DNA leaks, more slowly than salts

5. Finalize concentration
P -E

DNA no longer leaks

3. Short back pressure

P
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DNA goes back in concentration
chamber
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6. Separate according to size
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Backflow is effective to extract DNA from salts

Fluorescence (rfu)

No backflow
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200

300 bp
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Perform a standard proteinase K digestion with detergent before BIABooster analysis

0T . Human plasma sample
35 1 3934]”" 9 ul plasma + 1 uL 10x DNA ladder
1 300
30 200 29?;
25 4 t 1000
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Healthy Patient Healthy 3-day-old blood
1 164 bp 162 bp ol 1
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% 9 | 15 !
i g 8 20 +
Purified g ° 12 l L 170b
S 77 15 + p
cfDNA 2 . 9 302 bp 10 1 363 bp
5 ———t 1 i 1 r b ey RS ——————
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10 pg/uL Time (min) 33 pg/ulL Time (min) 56 pg/uL Time (min)
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Boutonnet et al., Anal Chem (2023)
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Monitoring Residual DNA

Size distribution after harvest

DNA concentration 0.08 320 |
0.07 A —method 1

510 —method 2

Harvest method 1 : 58 pg/uL

0.06 146 I/
0.05
VAT
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IS VI Y L
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0.01
0.00 /\/ AN
64 256 1024 4096
DNA size (bp)

Harvest method 2 : 2 pg/uL

concentration (pg/pL.bp)
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Large DNA, up to 150 kb
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Additional innovations for large DNA

Pressure gradual decrease Concentration area without dead volume
superposed to voltage decrease | O\
18 - 10 \
iy 6 . P ——%

103kb |7 T \
48.5 X
A | 5

1 No dead volume in the concentration area

| e e
2345|810 20 ; —
L,

ko Injection chamber Separation capillary

kVolts / kPa

New manufacturing technology for capillary device

Fluorescence (RFU)

The diameter changes progressively along 3 mm

10 20 30 Time(m?:) 50 €0 *Sizing range: 1-150kb
*0,8 ul injected

* Limit of detection: 20 fg/uL at 5 kb — 50 fg/uL at 100 kb

* Fluo —Voltage Pressure
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Genomic DNA samples

Comparison between extraction methods Comparison between sample sources
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Bacterial Artificial Chromosomes characterisation

BAC 63 kb
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Shape of the concentration junction and resolution
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DNA fractionation

Application to cfDNA for NIPT and genomic DNA for
long read sequencing
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DNA fractionation at 1-10 pL scale

cfDNA for NIPT
Collect £160 bp
8.5 T
gl I
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fragment isolation for long read sequencing

Extract fragment from 500 Mb Medicago genome

4.0 — 31 kb
—— Cas9 digested gDNA
—— Purified gDNA - method 2
———n N
[

Time (min)

Milon et al., Nucleic Acids Res. (2019)
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A new Multi Channel CE-LIF

e Continuous pressure range, 20 mbar - 12 bars.
* Current measurement in each channel

* Up to 8 buffers on board

* Refrigerated samples

Rsss
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Methods

A. Boutonnet
M. Mano
E. N'Tsiba

Capillary device

J. Fabre
MA El Khaldi
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Capillary device
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