woO 20247175769 A 1| [N 000 RO 00 OO A0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property N

Organization
International Bureau

(43) International Publication Date
29 August 2024 (29.08.2024)

=

(10) International Publication Number

WO 2024/175769 Al

WIPOIPCT

(51) International Patent Classification:
BOI1L 3/00 (2006.01)

(21) International Application Number:
PCT/EP2024/054643

(22) International Filing Date:
23 Februaty 2024 (23.02.2024)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
23158623.1 24 February 2023 (24.02.2023) EP

(71) Applicant: UNIVERSITE DE LIEGE [BE/BE]; Place du
20-Aoiit 7, 4000 Liege (BE).

(72) Inventors: GHOLIZADEH, Ali; Rue Claude Strebelle 24,
4031 Angleur (BE). MAZZUCCHELLI, Gabriel; Rue de
la Justice 9, 4020 Liege (BE). KUNE, Christopher; Rue
Darchis 1A, 4000 Li¢ge (BE). GILET, Tristan; Rue de Til-
ff 15, 4100 Boncelles (BE).

(74) Agent: GEVERS PATENTS; D¢ Klectlaan 7A, 1831
Diegem (BE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84

AO, AT, AU, AZ. BA, BB, BG, BIL BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, D, IL, IN, IQ, IR, IS, IT. JM, JO, JP.KE, KG,
KH, KN, KP. KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY.
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA. RO,
RS, RU, RW, SA, SC, SD, SE, SG. SK, SL. ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR, LS. MW, MZ, NA, RW, SC, 8D, SL, ST,
SZ. TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE. BG, CH, CY. CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, 8K, SM, TR). OAPI (BF. BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: FLUIDIC UNIT FOR DISCRETE ELEMENT TRAPPING

(57) Abstraet: Fluidic unit (2), preferably microfluidic, for trapping a discrete element

/ (10) in a liquid sample (100a) and comprising: * a well (3) for receiving a volume
Xz ; of a liquid (100) comprising the discrete element (10); « a well output conduit (4);
X114 i a metering chamber (5) in fluid communication with the well (3) through said well
3 output conduit (4), for metering a liquid sample (100a) of the volume of the liquid (100)
7 received from the well (3); « an obstructable waste output conduit (6) for cvacuating an
excess portion (100b) of the volume of the liquid (100) from the metering chamber (5).
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Fluidic unit for discrete element trapping

Technical area

[0001] According to a first aspect, the invention relates to a fluidic unit,
preferably a microfluidic unit, for trapping a discrete element in a liquid sample.
According to a second aspect, the invention relates to a bar and a sealing
member for forming the fluidic unit according to the invention. According to third
aspect, the invention relates to a multi-well plate comprising a plurality of the
fluidic units. According to a fourth aspect, the invention relates to a method for
trapping a discrete element in a liquid sample with the fluidic unit or multi-well
plate of the invention.

Prior art

[0002] Sample preparation for highly-sensitive analytical methods or
experiments require the precise manipulation of small volumes of liquids (e.g.,
smaller than 1 microliter and preferably smaller than 200 nanoliters) and small
elements whose density is different from the liquid in which they are immersed
(e.g., cells, small tissues, or particles). For example, a precise manipulation is
needed for trapping cells and minimizing the dilution of analytes that they release
during sample preparation for single-cell proteomics. Hence, there is a trend to
use fluidic devices, and preferably microfluidic devices which enable the
manipulation of volumes below 1 microliter. By microfluidic devices is meant
devices with microchannels and/or microcavities, with at least one dimension in
the micrometer range.

[0003] US2003/0224531A1 describes a microanalytical device comprising
a well plate with an integrated microfluidic system containing processing
compartments such as microcavities, microchannels and the like, that are in fluid
communication with electrospray emitters.

[0004] W02018099922 describes fluidic devices, especially microfluidic
devices, for aliquoting and pairwise combinatorial mixing of a first set of liquids
with a second set of liquids. The device architecture is designed to move the
liquids in a first direction, from a reservoir to aliquot chambers, when the liquids
are exposed to a first directional force field.
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[0005] A drawback of the devices of US2003/0224531A1 and
WQO2018/099922A1 is that they do not allow for trapping discrete elements such
as cells in a controlled volume of a liquid and for significantly decreasing the
dilution of the discrete elements and/or released analytes in the liquid, i.e. by an
order of magnitude or more.

[0006] The aim of the invention is to provide a device that enables the
trapping of a discrete element immersed in a volume of a liquid and drastically
reducing the dilution of this discrete element in the liquid, while not significantly
modifying the concentration of solutes other than the discrete element. The
discrete element is trapped in a metered sample from the volume of the liquid.

Preferably, the metered sample has a volume of less than 1 microliter.

Summary of the invention

[0007] According to a first aspect, one of the objects of the present
invention is to provide a fluidic unit for trapping a discrete element in a liquid
sample having a volume inferior to 1 microliter. The fluidic unit comprises a fluidic
circuit comprising:

¢ awell for receiving a volume of a liquid comprising the discrete element;

¢ awell output conduit;

e ametering chamber in fluid communication with the well through said well
output conduit, for metering a liquid sample of the volume of the liquid
received from the well;

¢ an obstructable waste output conduit for evacuating an excess portion of
the volume of the liquid from the metering chamber.

[0008] In the invention, the waste output conduit can be obstructed such
that no liquid can pass through. When the waste output conduit is obstructed, the
liquid can flow from the well to the metering chamber in response to the
application of a first force field F1 but is prevented from exiting from the fluidic
unit via the waste output conduit. As a result, the liquid is prevented from carrying
the discrete element out of the fluidic unit via the waste output conduit as in the
devices of the prior art. Instead, the discrete element remains in the metering
chamber and/or migrates to the metering chamber in response to the effect of the

first force field F1. This enables the trapping of the discrete element in the
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submicroliter liquid sample, thereby drastically reducing the dilution of this
discrete element in the liquid without modifying the concentration of solutes other
than the discrete element.
[0009] Preferably, the fluidic unit comprises waste output conduit
obstruction means able to be in closed and opened configurations for preventing
or allowing the liquid to pass through the waste output conduit, respectively.
[0010] The fluidic unit is preferably configured such that, in response to an
application of a first force field F1:
e when the waste output conduit obstruction means is in the closed
configuration:
o the liquid is able to pass from the well to the metering chamber
through the well output conduit, and
o the discrete element is able to pass from said well to said metering
chamber through the well output conduit,
e upon switching the waste output conduit obstruction means from the
closed to the opened configuration:
o the liquid sample and the discrete element are prevented from
exiting the metering chamber through the waste output conduit, and
o the excess portion is able to exit from said metering chamber
through the waste output conduit.
[0011] Thanks to the waste output conduit obstruction means, it is possible
to at least temporarily close the waste output conduit of the fluidic unit of the
invention. When the waste output conduit obstruction means is obstructing the
waste output conduit, the liquid can flow in response to the effect of the first force
field F1 from the well to the metering chamber but is prevented from exiting from
the fluidic unit via the waste output conduit. As a result, the liquid is prevented
from carrying the discrete element out of the fluidic unit via the waste output
conduit as in the devices of the prior art. Instead, the discrete element remains in
the metering chamber and/or migrates to the metering chamber in response to
the effect of the first force field F1.
[0012] Preferably, in the fluidic unit of the invention:

e the fluidic circuit extends along an axis X2 of the fluidic unit,
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¢ the well extends along the axis X2 and in the direction of increasing X2
from a lower opening to an upper opening of the well,

¢ the well output conduit extends along the axis X2 and in the direction of
increasing X2 from a lower opening of the well output conduit to the lower
opening of the well,

e the metering chamber extends along the axis X2 and in the direction of
increasing X2 from a lower end to an upper end of the metering chamber,
the upper end of the metering chamber being in fluid communication with
the well output conduit through the lower opening of the well output
conduit,

¢ the waste output conduit extends along the axis X2 and in the direction of
increasing X2 from a lower opening to an upper opening of the waste
output conduit in fluid communication with the metering chamber, the
upper opening of the waste output conduit being located between the
upper end of the metering chamber and the lower opening of the well
output conduit along the axis X2.

[0013] For example, the upper end of the metering chamber is an opening
for receiving the liquid in the metering chamber.

[0014] Preferably, the fluidic unit comprises a metering output conduit
extending at least partially along the axis X2 and in fluid communication with the
metering chamber, wherein the metering output conduit extends beyond the well
output conduit in the direction of increasing X2.

[0015] In other words, the fluidic unit comprises a metering output conduit
extending along the axis X2 and in the direction of increasing X2 from a lower
opening of the metering output conduit in fluidic communication with the upper
end of the metering chamber to an upper opening of the metering output conduit,
wherein the lower opening of the metering output conduit is located higher than
the lower opening of the well output conduit along the axis X2.

[0016] This allows for evacuating the sample from the metering chamber
by applying a second force field F2 opposed to the first force field F1 on the fluidic
unit, while avoiding a backflow of the liquid towards the well.
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[0017] Preferably, the lower opening of the metering output conduit is
separated from the lower opening of the well output conduit by a distance
measured along the axis X2 strictly greater than Oum, preferably of at least 1um.
[0018] Preferably, the well has a volume comprised between 1 and 100
microliters (ul), preferably between 5 and 20 pl.
[0019] Preferably, the metering chamber has a volume comprised between
1 nanoliter (nl) and 1 microliter (pl), preferably between 10 nl and 200 nl.
[0020] Preferably, the mixing chamber has a volume comprised between
10 nanoliter (nl) and 10 microliters (pl), preferably between 100 nland 1 pl.
[0021] In a preferred embodiment:

- a cross-sectional area of the metering output conduit is measured in a

plane normal to a longitudinal axis of the metering output conduit,
- a cross-sectional area of the well output conduit is measured in a plane
normal to a longitudinal axis of the well output conduit,

and the cross-sectional area of the metering output conduit at its lower opening
is greater than the cross-sectional area of the well output conduit at the lower
opening of the well output conduit.
[0022] This avoids a backflow of the liquid from the metering chamber
towards the well when evacuating the sample from the metering chamber by
applying the second force field F2 on the fluidic unit.
[0023] Preferably, a ratio of the cross-sectional area of the metering output
conduit at a level of the lower opening of the metering output conduit to the cross-
sectional area of the well output conduit at a level of the lower opening of the well
output conduit is greater than 1, preferably greater than 5, more preferably
greater than 20.
[0024] Preferably, the cross-sectional area of the metering output conduit
substantially decreases from the lower opening to the upper opening of the
metering output conduit.
[0025] This favours sample flow from the metering chamber to the mixing
chamber and not to the well.
[0026] Preferably, the fluidic unit extends along the axis X2 and in the
direction of increasing X2 from a lower surface to an upper surface of the fluidic

unit, and wherein:
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- the well opens on the upper surface of the fluidic unit through the upper
opening of the well,
- the waste output conduit is openable on the lower surface of the fluidic
unit through the lower opening of the waste output conduit.

[0027] Preferably, the lower opening of the waste output conduit and the
upper opening of the well are located relative to each other such that a projection
of the lower opening of the waste output conduit along the axis X2 is entirely
comprised in the upper opening of the well.
[0028] This allows for stacking two fluidic units on top of each other such
that the liquid flowing out of the lower opening of the waste output conduit of one
of the two fluidic units is received in the well of the other one of the two fluidic
units.
[0029] Preferably, the fluidic unit is configured such that a projection of a
circumference of the lower opening of the waste output conduit along the axis X2
is separated from a circumference of the upper opening of the well by a distance
measured in a direction orthogonal to the axis X2 comprised between 0.5 and 2.5
mm, preferably between 1.2 to 1.8 mm.
[0030] Preferably, the lower opening of the waste output conduit is located
centrally with respect to the upper opening of the well. Preferably, it is located
within a distance from the upper opening of the well of from about 0.5 mm to
about 2.5 mm, preferably of from about 1.2 mm to about 1.8 mm, said distance
being in a direction orthogonal to X1.
[0031] In an example, the fluidic unit is configured such that, when the
waste output conduit obstruction means is in the closed configuration, i.e.,
obstructing the waste output conduit, the liquid passing from the well to the
metering chamber can reach a hydrostatic state. However, it is not necessary
that the liquid reaches a hydrostatic state in the metering chamber for trapping
the discrete element in the metering chamber. Indeed, the liquid may flow
sufficiently slowly in the metering chamber for the discrete element to remain
trapped in the metering chamber by migrating towards the bottom of the metering
chamber in response to the application of the first force field F1.
[0032] For example, the fluidic unit according to the invention is configured

such that, if the liquid flowing from the well to the metering chamber via the well
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output conduit has carried the discrete element from the well to the metering
chamber therewith, the discrete element remains in the metering chamber and
migrates towards a bottom of the metering chamber in response to the effect of
the first force field F1.

[0033] In another example, the fluidic unit according to the invention is
configured such that, if the liquid flowing from the well to the metering chamber
via the well output conduit has not carried the discrete element from the well to
the metering chamber therewith, the discrete element can migrate in the liquid,
from the well via the well output conduit and to the metering chamber, preferably
to the bottom of the metering chamber. Preferably, the fluidic unit is configured
such that the discrete element can decant in the liquid in response to the
application of the first force field F1 and reach the bottom of the metering
chamber.

[0034] Once the discrete element is trapped in the metering chamber,
switching the waste output conduit obstruction means from the closed to the
opened configuration allows the liquid to flow from the metering chamber through
the waste output conduit and out of the fluidic unit. The liquid sample containing
the discrete element remains trapped in the metering chamber while the excess
portion of the liquid leaves the metering chamber via the waste output conduit. In
this way, the fluidic unit can trap the discrete element contained in the liquid
sample, and the discrete element can then be used in experiments.

[0035] Compared with the device of the prior art, the fluidic unit according
to the invention allows for trapping one or more discrete elements initially diluted
in a liquid of relatively high volume in a liquid sample of relatively low volume,
such that a ratio between the initial volume of the liquid and the final volume of
the liquid sample is greater than 10. Moreover, molecules other than the one or
more discrete elements are usually dissolved in the liquid (e.g., the PBS buffer
for living cells). With the device of the invention, the concentration of these
molecules is not affected by the metering and trapping. The concentration of
these molecules is thus the same in the volume of the liquid as in the liquid
sample. In other words, the fluidic unit of the invention allows for trapping and
reducing the dilution of the one or more discrete elements in the liquid while
keeping a concentration of other molecules constant in the liquid. This allows for
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a better control of the concentration of other molecules reacting with the one or
more discrete elements when conducting experiments. This is advantageous in
comparison with reducing the dilution of discrete elements that are living cells by
evaporating the liquid, for example. In the latter case, the concentration of the
dissolved molecules would increase to the point where it would become lethal to
the living cells.

[0036] In other words, the fluidic unit according to the invention allows for
reducing the dilution of a cell in a liquid without modifying the composition of the
liquid surrounding the cell.

[0037] Preferably, the fluidic unit according to the invention is a microfluidic
unit.

[0038] In an example, the fluidic unit is embedded in a lab-on-disk.

[0039] In an example, the well of the fluidic unit is a well of a multi-well

plate. The well of the fluidic unit according to the invention is typically configured
for receiving the volume of the liquid to be processed in the fluidic unit. Typically,
the volume of the liquid is small to avoid excessive dilution of the discrete element
in the liquid. However, the volume of the liquid is usually greater than 1 microliter
(KL) due to the difficulty of manipulating smaller quantities of liquid. An advantage
of the fluidic unit according to the invention is the possibility of reducing the
dilution of the discrete element in the liquid i.e. by an order of magnitude or more,
without impacting the concentration of other elements dissolved in the liquid
surrounding the discrete element. This is achieved by trapping the discrete
element in the liquid sample of a volume much smaller than the volume of the
liquid initially received in the well.

[0040] The well of the fluidic unit is preferably configured for receiving the
volume of the liquid from a pipette that is operated manually or automatically.
Preferably, the well is configured for receiving the volume of the liquid being of 1
microliter or more, preferably between 2 and 10 microliters. Preferably, the fluidic
unit is configured such that a ratio of the volume of the well to the volume of the
liquid sample metered by the metering chamber is greater than 1, preferably
greater than 5, preferably greater than 10, preferably comprised between 2 and
50, preferably comprised between 4 and 20.



WO 2024/175769 PCT/EP2024/054643

10

15

20

25

30

[0041] In an example, the discrete element is immersed in the volume of
the liquid received in the well or is carried by it.

[0042] Preferably, the fluidic unit is configured for trapping the discrete
element having a volume less than 1 microliter. Preferably, the discrete element
has dimensions comprised between 1 um and 500 um, preferably between 5 pm
and 30um. Dimensions comprised between 5 um and 30 um typically correspond
to a size of an eucaryotic cell.

[0043] Preferably, the fluidic unit is configured such that, in response to the
application of the first force field F1, the discrete element can migrate in the liquid
towards a bottom of the metering chamber. In the present disclosure, the bottom
of the metering chamber refers to a location in the metering chamber that is an
extremal and downstream portion of the metering chamber along the direction of
the first force F1 field in the metering chamber. In this way, for example a discrete
element having a higher mass density than the liquid can migrate in the liquid
towards the bottom of the metering chamber in response to the application of the
first force field F1.

[0044] The metering chamber of the fluidic unit according to the invention
is configured for metering a liquid sample out of the volume of the liquid received
from the well. In other words, it is configured for separating a portion of the volume
of the liquid herein referred to as the liquid sample from another portion of the
volume of the liquid herein referred to as the excess portion, by preventing the
liquid sample to flow out of the metering chamber through the waste output
conduit. Preferably, the metering chamber is configured for metering a liquid
sample having a volume inferior to 1 microliter. Preferably, the metering chamber
is configured for metering a liquid sample having a volume comprised between 1
nanoliter and 1 microliter, preferably between 20 nanoliters and 200 nanoliters.
[0045] For example, the volume of the liquid sample can be predetermined
using simulations taking into account the properties of the liquid and the shape of
the metering chamber.

[0046] In an example wherein the discrete element is a cell, the fluidic unit
can advantageously be used for trapping the cell in a first liquid sample and
mixing the first liquid sample with one or more subsequent liquid samples
comprising reagent for lysis the cell.
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[0047] Preferably, the metering chamber is an overflow metering chamber.
[0048] The first force field F1 applied to the fluidic circuit drives the flow of

the liguid and the movement or migration of the discrete element. The first force
field F1 can be a gravity force field, but is preferably a centrifugal force field. In
such case, the discrete element preferably has a higher mass density than the
liquid. The first force field F1 can also be a magnetic force field, an electrostatic
force field, an electrophoretic force field, a dielectrophoretic force field, or other
inertial force field such as Euler, Coriolis, or vibration force field. It can also be an
acoustic force field.

[0049] Preferably, the well output conduit comprises a capillary valve for
letting the liquid flow from the well to the metering chamber in response to the
application of the first force field F1.

[0050] The waste output conduit of the fluidic unit is configured for
evacuating the excess portion out of the metering chamber, and preferably out of
the fluidic unit. The waste output conduit is typically in fluid communication with
an exterior of the fluidic unit or with a waste reservoir configured for receiving one
or more excess portions. The waste reservoir may for example be comprised in
the fluidic unit. Alternatively to a waste reservoir or in addition to a waste reservoir,
the waste output conduit may be in fluid communication with a waste collection
container.

[0051] Preferably, the waste output conduit comprises a lower opening
comprised in a lower surface of the fluidic unit. This allows easy access for closing
the waste output conduit with external means, for example.

[0052] Preferably, the waste output conduit obstruction means is selected
among:

¢ avalve for closing and opening the waste output conduit;

¢ a tape for removably sticking to the lower surface of the fluidic unit to
obstruct the lower opening of the waste output conduit;

e a plug for removably obstructing the lower opening of the waste output
conduit, wherein the plug is preferably for inserting in the lower opening of
the waste output conduit ;

¢ adead-end of the waste output conduit, and the waste output conduit is

openable by piercing or drilling the fluidic unit through the dead-end, or
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e a dissolvable membrane for obstructing the lower opening of the waste

output conduit and for dissolving upon an application of a solvent on it.
[0053] In the case of the dissolvable membrane, such membrane could be
dissolved by letting a solvent enter in contact with the membrane upon dissolving
it and opening the waste output conduit. An example of dissolvable membrane is
described in D. J. Kinahan et al., Lab Chip 13, 2014.
[0054] Preferably, the waste output conduit obstruction means is a dead-
end of the waste output conduit, and the waste output conduit is openable by
piercing or drilling the fluidic unit through the dead-end. For example, the lower
opening of the waste output conduit can be closed by default when manufacturing
the fluidic unit, and openable by piercing to allow the liquid to exit the metering
chamber and the fluidic unit via the waste output conduit.
[0055] In a preferred embodiment of the fluidic unit, the fluidic circuit
comprises:

e a metering output conduit;

e a mixing chamber in fluid communication with the metering chamber
through said metering output conduit, for mixing several liquid samples
coming from the metering chamber.

[0056] In this case, the fluidic unit may be configured such that the liquid
sample comprising the discrete element is able to pass from said metering
chamber to said mixing chamber through the metering output conduit in response
to an application of a second force field F2 different from the first force field F1.
[0057] The presence of a mixing chamber in the fluidic unit allows for
sequentially metering and mixing several liquid samples using a same fluidic unit.
In particular, different liquid samples can be supplied successively to the mixing
chamber after having been metered.

[0058] For example, different liquid samples, each comprising a plurality of
discrete elements, can be successively metered and supplied to the mixing
chamber. This allows to capture two or more discrete elements from different
populations and to supply them to the mixing chamber at different times, which
would allow to investigate cell-cell interactions in a confined and controlled

environment.
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[0059] In another example, one or more liquid samples each comprising a
respective discrete element can be brought and mixed in the mixing chamber with
one or more liquid samples not comprising discrete elements.

[0060] In yet another example, the fluidic unit comprising the mixing
chamber allows for trapping a cell in a first liquid sample and transferring it to the
mixing chamber, then metering a second liquid sample out of a second volume
of a second liquid to mix with the first liquid sample.

[0061] In a preferred embodiment, the waste output conduit obstruction
means in the fluidic unit comprising the mixing chamber is configured for
preventing the liquid from passing through the waste output conduit in response
to the application of the first and second force fields F1, F2. In this way, the
excess portion evacuated from the metering chamber in response to the
application of the first force field F1 is prevented from returning in the metering
chamber via the waste output conduit in response to the application of the second
force field F2.

[0062] Preferably, the fluidic unit is configured for preventing liquid from
exiting from said metering chamber through the waste output conduit in response
to the application of the second force field F2, even if the waste output conduit
obstruction means are in the opened configuration. In this way, the waste output
conduit obstruction means do not need to be set in the closed configuration again
when transferring the metered liquid sample from the metering chamber to the
mixing chamber.

[0063] Preferably, in the fluidic unit according to the invention:

- the mixing chamber extends along the axis X2 and in the direction of
increasing X2 from a lower end to an upper end of the mixing chamber,

- the metering output conduit is in fluidic communication with the mixing
chamber through the upper opening of the metering output conduit,

- the upper opening of the metering output conduit is located below the
upper end of the mixing chamber along the axis X2, preferably
separated from the upper end of the mixing chamber by a distance
measured along the axis X2 of at least 1 pm,

- the upper opening of the metering output conduit is located above the
lower end of the mixing chamber along the axis X2, preferably



WO 2024/175769 PCT/EP2024/054643

10

15

20

25

30

13

separated from the lower end of the mixing chamber by a distance
measured along the axis X2 of at least 1 mm.
[0064] This means that the mixing chamber extends beyond the upper
opening of the metering output conduit in the direction of increasing X2.
[0065] This allows the complete sample to enter the mixing chamber and
prevents it from returning to the metering chamber during the metering of a next
sample.
[0066] Preferably, a volume of the mixing chamber is at least several times
a metering volume of the metering chamber, preferably at least three times the
metering volume of the metering chamber, such that several liquid samples can
be received in the mixing chamber.
[0067] In a preferred embodiment, the fluidic unit according to the invention
is configured such that the first and second force fields F1, F2 experienced by the
fluidic unit result at least in part from modifying a position of the fluidic unit with
respect to an external force field, preferably from flipping the fluidic unit in a
centrifuge machine. In this way, submitting the fluidic unit to the first and second
force fields F1, F2 is eased because centrifuge machines are widespread.

[0068] Preferably, the fluidic unit is configured such that the first force field
F1 is a first unidirectional force field F1 in a direction of an axis X1 of the fluidic
unit.

[0069] Preferably, the fluidic unit is configured such that the second force

field F2 is a second unidirectional force field F2 in a direction of the axis X2 of the
fluidic unit, wherein the direction of the axis X2 is different from the direction of
the axis X1.

[0070] A smaller angle between the directions of the first and second axes
X1, X2 is preferably greater than pi/2 radians, preferably greater than 3*pi/4
radians, preferably equal to pi radians such that the first and second axes have
opposite directions. In the latter case, switching from an application of the first
unidirectional force field F1 to the second unidirectional force field F2 can be
achieved by rotating the fluidic unit by pi radian around an axis orthogonal to the
first axis X1. For example, the fluidic unit is flipped upside-down with respect to
the source of the first unidirectional force field F1. An example is to flip the fluidic



WO 2024/175769 PCT/EP2024/054643

10

15

20

25

30

14

unit upside down in a centrifuge machine. The first and second force fields F1,
F2 may have the same of different amplitudes.

[0071] Preferably, the direction of the axis X2 is opposed to the direction
of the axis X1.

[0072] Preferably, the fluidic unit is configured such that the first force field
F1 is a first unidirectional force field F1 with an amplitude comprised between 10
and 100000 N/kg, preferably between 70 and 7000 N/kg. Preferably, the force F1
should be sufficient to unlatch a potential capillary valve at the end of the well
output conduit. Preferably, it should also be sufficient to avoid capillary imbibition
in vented microfluidic channels.

[0073] Preferably, the fluidic unit is configured such that the second force
field F2 is a second unidirectional force field F2 with an amplitude comprised
between 10 and 100000 N/kg, preferably between 70 and 7000 N/kg.

[0074] Preferably, the fluidic unit is configured to prevent liquid from
passing from the mixing chamber to the metering chamber through the metering
output conduit in response to the application of the first force field F1, and
preferably also in response to the application of the second force field F2. In this
way, accuracy of the metering of the liquid samples is ensured.

[0075] Preferably, the fluidic unit is configured to prevent liquid from
passing from the metering chamber to the mixing chamber through the metering
output conduit in response to the application of the first force field F1. In this way,
quantities of the liquid that have not been metered in the metering chamber are
prevented from flowing from the metering chamber to the mixing chamber in
response to the application of the first force field F1, especially when the waste
output conduit is closed by the waste output conduit obstruction means. This
ensures accuracy of the volume of each liquid sample brought to the mixing
chamber.

[0076] Preferably, the fluidic unit is configured for preventing liquid from
passing from the well to the metering chamber through the well output conduit in
response to the application of the second force field F2. In a preferred
embodiment of the fluidic unit comprising the mixing chamber, the metering
output conduit has a higher hydraulic conductivity (i.e. less hydraulic resistance)
than the well output conduit such that the liquid sample flows preferably through
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the metering output conduit than through the well output conduit in response to
the application of the second force field F2. In this way, the liquid sample is
prevented from returning toward the well after being metered, but flows toward
the mixing chamber instead.

[0077] Preferably, the waste output conduit of the fluidic unit is configured
for fluidically connecting to a waste collection container for collecting the excess
portion. The waste collection container can be a part of the fluidic unit or a
separate element. The waste collection container should have a sufficient volume
for collecting one or more excess portions of volumes of liquids depending on the
number of liquid samples to be mixed.

[0078] Preferably, the fluidic unit is configured such that the liquid is
prevented from passing from the metering chamber to the well through the well
output conduit in response to the application of the first and/or second force fields
F1, F2.

[0079] In a preferred embodiment of the fluidic unit comprising the mixing
chamber, the mixing chamber extends along the axis X2 and in the direction of
increasing X2 from a lower end to an upper end of the mixing chamber, and a
shape of the mixing chamber is configured such that:

- in response to the application of the first unidirectional force field F1, a
liquid sample located in the upper end of the mixing chamber is
prevented from leaving the upper end of the mixing chamber by
capillary forces, and

- upon application of another force in the direction of the axis X1 of the
fluidic unit and with an amplitude exceeding an amplitude of the first
unidirectional force field F1, the liquid sample located in the upper end
of the mixing chamber can flow from the upper end towards the lower
end of the mixing chamber.

[0080] Such embodiment is very functional in sequential microfluidic
networks undergoing centrifugal force.

[0081] In an embodiment of the fluidic unit of the invention, the well 3
extends along the axis X2 and in the direction of increasing X2 from a lower part
having a conical shape to an upper part having a cylindrical shape. The conical
and cylindrical shapes are in contact at an interface. A largest diameter of the
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cylindrical shape is at the interface between the conical and cylindrical shapes.
Preferably, a position of the upper opening of the metering output conduit along
the axis X2 and in the direction of increasing X2 is above the interface between
the conical and cylindrical shapes. This prevents the liquid from entering the
mixing chamber during the metering of the sample when the waste output conduit
is obstructed. For example, the upper opening of the metering output conduit may
be located at a distance measured along the axis X2 of at least 100um, preferably
at least 3 mm higher than the interface between the conical and cylindrical
shapes.

[0082] In an example, the well has a straight section in its upper part and
a conical section in its lower part. Preferably, the upper opening of the metering
output conduit is located at a distance greater than 0 from the cross-sectional
area of the well where the conical section starts, so as to avoid an overflow of
liquid to the mixing chamber when the output conduit is closed via the waste
output conduit obstruction means. For example, the upper opening of the
metering output conduit may be located at a distance of at least 100um,
preferably at least 3 mm along the axis X2 higher than the cross-sectional area
of the well where the conical section starts.

[0083] In an embodiment, the fluidic unit comprises a mixing chamber
output conduit extending along the axis X2 and in the direction of increasing X2
from a lower opening to an upper opening of the mixing chamber output conduit,
wherein the lower opening of the mixing chamber output conduit opens onto the
lower surface of the fluidic unit, wherein upper opening of the mixing chamber
output conduit opens onto the mixing chamber. Preferably, the upper opening of
the mixing chamber output conduit is comprised in the lower end of the mixing
chamber. The mixing chamber output conduit may be obstructable. To this end,
the waste output obstruction means exposed in the present disclosure in relation
to the waste output may be used mutatis mutandis to the obstruction of the mixing
chamber output conduit. For example, said lower end mixing chamber is
obstructable in a similar manner as the waste output conduit. Thanks to the
obstructable mixing chamber output conduit, different samples may be collected
in the mixing chamber and mixed together. After mixing, the samples may flow
out of the mixing chamber through the opened mixing chamber output conduit
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and be received in a collection container Said collection container may be the
same of different from the waste collection container.

[0084] In an example, an alternative collection of the sample from the
mixing chamber is through an opening in one end of the mixing chamber,
preferably the lower end of the mixing chamber. For example, said lower end
mixing chamber is obstructable in a similar manner as the waste output conduit.
Thanks to obstruction means, different samples may be collected in the mixing
chamber and mixed together. After mixing, it may be possible to open or release
said obstruction means and collect the mixed liquid samples in a collection
container. Said collection container may be the same of different from the waste
collection container.

[0085] In an example, the fluidic unit according to the invention comprises
a bar comprising a first lateral surface comprising a recessed portion and a
sealing member comprising a second lateral surface. The bar and the sealing
member are configured such that the fluidic circuit of the fluidic unit is at least
partially, and preferably entirely, formed between the recessed portion of the first
lateral surface and the second lateral surface when said first and second lateral
surfaces are in contact.

[0086] The use of the term “at least partially’ means that not all of the fluidic
circuit is necessarily formed between the recessed portions and the second
lateral surface of the sealing member.

[0087] According to a second aspect, one of the objects of the present
invention is to provide a bar comprising a first lateral surface comprising a
recessed portion and configured for contacting a second lateral surface of a
sealing member, the bar being configured such that, when said first and second
lateral surfaces are in contact, a fluidic unit according to the invention is at least
partially (and preferably entirely) formed, the fluidic circuit of said fluidic unit being
at least partially (and preferably entirely) formed between the recessed portion of
the first lateral surface and the second lateral surface. This provides a convenient
way of assembling parts for forming the fluidic unit. The manufacturing of the
fluidic units, and especially microfluidic units, is difficult due to the very small
dimensions of the fluidic circuit thereof. A convenient way to manufacture such

fluidic circuit is to provide the first lateral surface with the recessed portions and
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to close the recessed portions with a sealing member so as to form the cavities
and conduits of the fluidic circuit. Alternatively, the fluidic circuit may be
manufactured by additive manufacturing, which enables to produce all elements
in one piece. Hence, the bar and the sealing member may be together as one
piece. The sealing member is then an external or internal wall of such one piece,
having a second lateral surface as described above.

[0088] Such a kit comprising the bar and the sealing member can be used
for forming a fluidic circuit according to the invention.

[0089] In an example, the sealing member is a part of material, preferably
of a same material as the bar. In an example, the second lateral surface of the
sealing member is substantially flat or planar. In an example, the first lateral
surface and the second lateral surface are configured for coupling using solvent
bonding.

[0090] Preferably, the first lateral surface of the bar comprises a plurality
of the recessed portions each corresponding to a respective fluidic circuit. In other
words, a fluidic circuit can be at least partially (and preferably entirely) formed
between each recessed portion and the second lateral surface of the sealing
member. In this case, a plurality of fluidic units according to the invention can be
at least partially (and preferably entirely) formed by contacting the first lateral
surface of the bar with the second lateral surface of the sealing member, such
that the fluidic circuit of each fluidic unit is at least partially (and preferably entirely)
formed between a respective recessed portion of the first lateral surface and a
corresponding portion of the second lateral surface.

[0091] In a preferred embodiment, the bar according to the invention
comprises a second lateral surface for contacting the first lateral surface of
another bar according to the invention such that one or more fluidic circuits are
at least partially (and preferably entirely) formed between the second lateral
surface of the bar and the recessed portions of the first lateral surface of the other
bar when the second lateral surface of the bar is in contact with the first lateral
surface of the other bar.

[0092] This means that a bar according to the invention can also be a
sealing member to form fluidic circuits in association with another bar. In this

case, the bar has a first lateral surface comprising one or more recessed portions
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and a second lateral surface for contacting with a first lateral surface of another
bar and forming fluidic circuits between the recessed portions of the first lateral
surface of the other bar and the second lateral surface of the bar. This provides
the advantage that several bars can be assembled with the first lateral surface of
a first adjacent bar and the second lateral surface of a second adjacent bar in
contact to form fluidic units. For example, the adjacent bars could be coupled by
solvent bonding.

[0093] Preferably, the first lateral surface is configured for contacting a
second lateral surface of a sealing member, and the sealing member is a tape, a
film, a silicone layer, another bar according to the invention and comprising a
second lateral surface, or a part comprising a second lateral surface.

[0094] It may be advantageous in certain embodiments, that a first bar
according to the invention is spaced apart from a second bar. This may allow
sufficient empty space for convection airflow, for example for applications
requiring thermal cycles to uniformly warm up materials inside the fluidic circuit.
It may further allow for the insertion of sensors (e.g., measurement or optical)
between the bars. The construction in bars also offers advantageous modularity.
Hence, in particular embodiments, a bar may be moved under an instrument
(e.g., microscope), enabling for example real-time observation within the fluidic
unit.

[0095] According to a third aspect, one of the objects of the present
invention is to provide a multi-well plate. The multi-well plate comprises a plurality
of the fluidic units according to the invention.

[0096] Preferably, the fluidic units of the multi-well plate each comprise a
bar comprising the first lateral surface comprising the recessed portion and a
sealing member comprising the second lateral surface. The first lateral surface of
the bar and the second lateral surface of the sealing member are in contact such
that the fluidic circuit of the fluidic unit is at least partially, and preferably entirely,
formed between the recessed portion of the first lateral surface and the second
lateral surface.

[0097] Preferably, the bars of the fluidic units comprised in the multi-well
plate are arranged parallel to each other. They may be in contact with each other
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or spaced apart. The spacing apart allows for inserting testing or heating means
in between the fluidic units.

[0098] In an embodiment, the multi-well plate comprises a first adjacent
bar comprising a first lateral surface, and a second adjacent bar comprising a
second lateral surface, wherein the first lateral surface of the first adjacent bar
comprises one or more recessed portion and is configured for contacting the
second lateral surface of the second adjacent bar when the multi-well plate is
assembled, forming one or more fluidic units according to the invention, the fluidic
circuit of each fluidic unit being at least partially (and preferably entirely) formed
between a corresponding recessed portion of the first lateral surface of the first
adjacent bar and the second lateral surface of the second adjacent bar.

[0099] In a preferred embodiment, the multi-well plate comprises a third
adjacent bar comprising a second lateral surface, and the second adjacent bar
comprises a first lateral surface opposed to the second lateral surface of the
second adjacent bar. The first lateral surface of the second adjacent bar
comprises one or more recessed portions and is configured for contacting the
second lateral surface of the third adjacent bar when the multi-well plate is
assembled, the second and third adjacent bars being configured such that, when
the first lateral surface of the second adjacent bar and the second lateral surface
of the third adjacent bar are in contact, one or more fluidic units according to the
invention are at least partially (and preferably entirely) formed, the fluidic circuit
of each fluidic unit being at least partially (and preferably entirely) formed between
a corresponding recessed portion of the first lateral surface of the second
adjacent bar and the second lateral surface of the third adjacent bar.

[0100] Preferably, the upper surfaces of the fluidic units are comprised in
an upper surface of the multi-well plate, and the lower surfaces of the fluidic units
are comprised in a lower surface of the well plate.

[0101] Preferably, the multi-well plate is configured for using in a centrifuge
machine to generate the first and second force fields F1, F2 being centrifugal
force fields. Preferably, the centrifuge machine is a swinging-bucket centrifuge.
[0102] Preferably, the multi-well plate is an assembly comprising a plurality
of bars according to the invention. In an example, each bar comprises the first

lateral surface and is coupled to a sealing member to form one or more fluidic
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units. A plurality of such bars coupled to respective sealing members are
assembled to form the multi-well plate.
[0103] Preferably, the multi-well plate comprises a first adjacent bar, and a
second adjacent bar comprising a second lateral surface. The first lateral surface
of the first adjacent bar contacts the second lateral surface of the second adjacent
bar so as to form at least one fluidic unit according to the invention. Preferably,
the multi-well plate comprises more than two such adjacent bars.
[0104] In an example, the multi-well plate according to the invention
comprises several fluidic units sharing a same mixing chamber.
[0105] According to a fourth aspect, one of the objects of the present
invention is to provide a method for trapping a discrete element in a liquid sample
in a fluidic unit according to the invention. The method comprises the steps of:
¢ closing the waste output conduit,
¢ inserting a volume of a liquid comprising a discrete element in the well,
¢ while the waste output conduit is closed, applying a first force field F1 on
the fluidic unit such that in response to the application of the first force field
F1:
o the liquid passes from the well to the metering chamber through the
well output conduit,
o the discrete element passes from the well towards the metering
chamber through the well output conduit,
e opening the waste output conduit,
¢ while the waste output conduit is opened, applying a third force field F3 on
the fluidic unit such that in response to the application of the third force
field F3:
o the excess portion exits from said metering chamber through the
waste output conduit, and
o the liquid sample and the discrete element are prevented from
exiting the metering chamber through the waste output conduit.
[0106] Some steps of the method may be performed in a different order
than that presented above.
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[0107] The first force field F1 may be a first unidirectional force field F1 in
a first direction of an axis X1 of the fluidic unit. The third force field F3 may be a
third unidirectional force field F3 directed opposite to the axis X1.
[0108] Preferably, the waste output conduit is opened or closed by setting
waste output conduit obstruction means of the fluidic unit in an opened or closed
configuration.
[0109] Preferably, the method comprises, after applying the third force field
F3 on the fluidic unit:
¢ applying a second force field F2 in the direction of the axis X2 on the fluidic
unit such that, in response to the application of the second force field F2,
the liquid sample and the discrete element pass from the metering
chamber to the mixing chamber through the metering output conduit.
[0110] One of the objects of the present invention is also to provide a
method for trapping discrete elements in liquid samples in a multi-well plate
according to the invention, and for mixing the plurality of liquid samples in the
multi-well plate, the method comprising:
- inserting an initial volume of a liquid in the well,
- applying a first force field F1 on the multi-well plate and in a direction

X1 opposed to the direction X2 of the multi-well plate such that in

response to the application of the first force field F1:

o the initial volume of the liquid passes from the well to the metering
chamber through the well output conduit,

- applying a third force field F3 on the multi-well plate in the direction X1
such that in response to the application of the third force field F3:

o an excess portion of the initial volume of the liquid in excess of the
liquid sample exits from the metering chamber through the waste
output conduit, and

o the liquid sample is prevented from exiting the metering chamber,

- applying a second force field F2 on the multi-well plate in the direction

X2 such that in response to the application of the second force field F2:

o the liquid sample passes from the metering chamber to the mixing
chamber through the metering output conduit.
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[0111] Preferably, the steps of the method are repeated N times such that
N of the liquid samples are received in the mixing chamber, N being an integer
greater than 1.

[0112] Preferably, the method comprises, between applying the third force
field F3 and the second force field F2:

- rotating the multi-well plate by an angle of pi radians around an axis

orthogonal to the axis X2.
[0113] Preferably, the method comprises, after applying the second force
field F2:

- rotating the multi-well plate by an angle of pi radians around an axis

orthogonal to the axis X2.
[0114] According to a fifth aspect, one of the objects of the present
invention is to provide a method for manufacturing a fluidic unit according to the
invention, the method comprising the steps of:

e providing a first part comprising a first lateral surface comprising a
recessed portion;

e providing a second part comprising a second lateral surface;

e contacting the first and second lateral surfaces such that a fluidic circuit of
the fluidic unit is at least partially (and preferably entirely) formed between
the recessed portion of the first lateral surface and the second lateral
surface.

[0115] The first, second, and third force field may result from an
acceleration of the fluidic device or multi-well plate of the invention. For example,
the acceleration field source may be a centrifuge machine. In this case, the
acceleration force is applied by rotating the fluidic device or multi-well plate in the
centrifuge machine.

[0116] In the present application, the use of formulations such as :
extending along the axis X1 (or X2), in the direction of increasing X1 (or X2), in
the direction of decreasing X1 (X2), for characterizing a feature of the invention
does not preclude that such feature may extend along other axes orthogonal to
the axes X1 or X2. For example, a conduit or chamber may be characterized as
extending along the axis X2 and in the direction of increasing X2, while it also
extends along a direction orthogonal to X2.
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[0117] Similarly, in the present application, the use of similar formulations
for characterizing a force field does not preclude that such force field may have
other non-zero components orthogonal to the axes X1 or X2, unless specified
otherwise. For example, one of the first, second, and third force fields may have
non-zero components orthogonal to the axis X2.

Briet description of the figures

[0118] These aspects of the invention as well as others will be explained
in the detailed description of specified embodiments of the invention, with
reference to the drawings in the figures, in which:

Fig. 1 shows a cross-sectional view of an exemplary embodiment of the fluidic
unit of the invention, wherein a volume of a liquid comprising a discrete element
is received in the well;

Fig. 2 shows a cross-sectional view of the embodiment of the fluidic unit of Fig.
1, wherein liquid can pass from the well to the metering chamber in response to
the application of a first force field F1 while the waste output conduit is closed,
Fig. 3 shows a cross-sectional view of the embodiment of the fluidic unit of Fig.
1, wherein an excess portion of the liquid has exited from the metering chamber
through the opened waste output conduit in response to the application of the first
force field F1;

Fig. 4 shows a cross-sectional view of the embodiment of the fluidic unit of Fig.
1, wherein the liquid sample has passed from the metering chamber to the mixing
chamber in response to an application of a second force field F2 opposed to the
first force field F1;

Fig. 5 shows a cross-sectional view of an exemplary embodiment of a bar of the
invention, the first lateral surface thereof being in contact with a second lateral
surface of a sealing member such that several fluidic units according to the
invention are formed;

Fig. 6 shows a partially assembled exemplary embodiment of a multi-well plate
of the invention and comprising a number of bars according to the invention;
Fig. 7 shows an exemplary embodiment of a multi-well plate of the invention with
a waste collection container coupled thereto.
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Fig. 8 shows a cross-sectional view an exemplary embodiment of a fluidic unit
according to another embodiment of the invention.

Fig. 9 shows a view in perspective of bars according to the second aspect of the
invention and stacked on top of each other, with a bar comprising waste collection
containers uncoupled.

Fig. 10 shows the bars of figure 9 stacked on top of each other and on a bar
comprising waste collection containers coupled.

Fig. 11 shows a cross-sectional view of an exemplary embodiment of a multi-well
plate of the invention comprising a plurality of fluidic units according to the
invention.

[0119] The drawings in the figures are not to scale. Generally, similar
elements are designated by similar reference signs in the figures. The presence
of reference numbers in the drawings is not to be considered limiting, even when
such numbers are also included in the claims.

Detailed description of possible embodiments of the invention
[0120] Figure 1 shows a cross-sectional view of an exemplary embodiment
of a fluidic unit according to the invention. The fluidic unit 2 comprises a well 3 for
receiving a volume of a liquid 100. The well 3 opens on an upper surface of the
fluidic unit 2 such that the volume of the liquid 100 can be deposited or fed therein.
Typically, the volume of the liquid 100 is supplied by a pipette. The pipette can
be manipulated by a user or moved by a robot. The volume of the liquid 100
supplied to the well can comprise one or more discrete elements 10. The discrete
element 10 is preferably a cell or a microparticle, for example a microparticle
covered with capture antibodies for immunoassays. Typically, the discrete
element 10 has a much smaller volume than the volume of the liquid. In other
words, the discrete element is highly diluted in the volume of the liquid.
[0121] The liquid 100 is typically an aqueous solution. The fluidic unit 2 is
preferably configured for receiving liquid 100 with the following properties:
e low or intermediate viscosity, preferably smaller than 100 cS
(centistokes) ;
e finite contact angle with the solid surface of the fluidic unit, preferably
larger than 45°;
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e vapor pressure sufficiently high to prevent immediate evaporation.
Dense patrticle suspensions that would likely jam in the well output conduit 4 (e.g.,
whole blood) should preferably be avoided.
[0122] The device of Fig. 1 also comprises a metering chamber 5 of the
overflow type. The metering chamber 5 is configured for separating a portion of
the volume of the liquid, herein referred to as the liquid sample 100a, from the
rest of the volume of the liquid, herein referred to as the excess portion 100b.
[0123] The metering chamber 5 is in fluid communication with the well 3
via a well output conduit 4. In the embodiment of Fig. 1, the well output conduit 4
acts as a capillary valve such that the liquid cannot pass through the well output
conduit 4 under the effect of accelerations as low as the gravity force field. Thus,
the liquid received in the well 3 can remain in the well under the effect of the
gravity force field during manipulation of the fluidic unit 2, but does not flow
towards the metering chamber 5 unless a force field of a greater amplitude than
gravity drives it through the well output conduit.
[0124] The metering chamber in the device of Fig. 1 has a much smaller
volume than the well, such that the liquid sample selected out of the volume of
the liquid is preferably of a volume less than 1 microliter. This allows to reduce
drastically the dilution of a discrete element contained in the liquid sample.
[0125] Fig. 2 shows a cross-sectional view of the fluidic unit of Fig. 1,
wherein the liquid and discrete element have moved in response to an application
of the first unidirectional force field F1 in the direction X1 of the fluidic unit 2. The
first force field F1 has an amplitude sufficient for driving the liquid and the discrete
element from the well 3 to the metering chamber 5 through the well output conduit
4. In response to the application of the first unidirectional force field F1, the
discrete element 10 migrates in the fluidic unit and in the liquid towards the
metering chamber. Preferably, the discrete element migrates towards a bottom
51 of the metering chamber 5 being a most extremal part of the metering chamber
along the direction X1 of the fluidic unit.
[0126] In Fig. 2, the fluidic unit 2 comprises a waste output conduit 6 for
evacuating liquid from the metering chamber 5. The waste output conduit 6 is
obstructed such that liquid cannot flow in the waste output conduit 6. Obstruction
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of the waste output conduit 6 is achieved by waste output conduit obstruction
means 6a. In Fig. 2, the waste output conduit obstruction means 6a is a tape.
[0127] In the embodiment of Fig. 2, the fluidic unit 2 comprises a lower
surface opposed to the upper surface of the fluidic unit along the direction X1.
The waste output conduit 6 extends up to an aperture in the lower surface 21.
This aperture is a lower opening 61 of the waste output conduit 6. The tape in
Fig. 2 is installed prior to applying the first unidirectional force field F1 on the
fluidic unit. The tape is removably sticking to the lower surface 21 and covers the
lower opening 61 of the waste output conduit 6 such that the liquid is prevented
from passing therethrough in response to the application of the first unidirectional
force field F1. In this case, the waste output obstruction means 6a is in the closed
position wherein it prevents liquid from freely flowing through the waste output
conduit 6.

[0128] In Fig. 2, a very small portion of the liquid has entered the waste
output conduit in response to the application of the first unidirectional force field
F1. It remains stuck in the waste output conduit due to the waste output conduit
obstruction means being in the closed position. Thus, it is prevented from exiting
the fluidic unit 2 and to create a flow of the liquid of an amplitude sufficient for
carrying the discrete element out of the metering chamber.

[0129] The embodiment of the fluidic unit of Fig. 2 further comprises a
metering output conduit 7 leading to a mixing chamber 8. In response to the first
unidirectional force field F1, the liquid enters the metering output conduit up to a
given height. The fluidic unit 2 is configured such that the liquid cannot pass from
the metering chamber 5 to the mixing chamber 8 in response to the application
of the first unidirectional force F1. In this way, only the liquid sample having
controlled volume can be transferred to the mixing chamber. It is important to
control the amount of liquid transferred to the mixing chamber correctly,
especially when this involves reagents for conducting experiments.

[0130] Once the discrete element has migrated to the metering chamber in
response to the application of the first unidirectional force F1, the waste output
conduit obstruction means 6a can be switched or moved from the closed to the
opened configuration as shown in Fig. 3. In this way, the waste output conduit 6
is opened and liquid can pass from the metering chamber through the waste
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output conduit 6 and exit the fluidic unit 2. In the embodiment of Fig. 3, setting
the waste output conduit obstruction means in the opened configuration consists
in removing the tape from the lower surface of the fluidic unit.

[0131] In the embodiment shown in Fig. 3, a waste collection container 9
is coupled to the fluidic unit. The waste collection container 9 is in fluid
communication with the waste output conduit. In this way, the liquid exiting the
waste output conduit 6 via the lower opening 61 is collected by the waste
collection container 9. In the invention, the waste collection container 9 can be
comprised in the fluidic unit or can be a part separate from the fluidic unit 2. In a
device comprising a plurality of the fluidic units, each fluidic unit can be fluidically
connected to an individual waste collection container 9, or a plurality of fluidic
units can be fluidically connected to a common waste collection container.
[0132] As shown in Fig. 3, the application of the first unidirectional force F1
on the fluidic unit 2 with the waste output conduit opened causes the excess
portion 100b of the liquid to exit the fluidic circuit 11 of the fluidic unit. The excess
portion 100b passes from the metering chamber to the waste collection container
9. As a result, no liquid remains in the well 3, in the metering output conduit 7 or
in the waste output conduit 6. Only the liquid sample 100a containing the discrete
element 10 is retained in the metering chamber 5. In this way, the discrete
element 10 is trapped in the metering chamber 5. The discrete element is trapped
in the metering chamber with the liquid sample of a predetermined volume. The
fluidic unit according to the invention thus allows for reducing and controlling the
dilution of the discrete element, even when the volume of the liquid sample is very
small. For example, the volume of the liquid sample can be as small as 20
nanoliters. For example, the volume of the metering chamber is of 50 nanoliters.
[0133] The embodiment of the fluidic unit shown in Figs. 1-4 comprises the
mixing chamber 8 in fluid communication with the metering chamber through the
metering output conduit 7. The mixing chamber is configured for sequentially
storing one or more liquid samples. In this way, several liquid samples can be
supplied to the mixing chamber to conduct experiments. The volume of each
liquid sample is well controlled. The fluidic unit also allows to mix samples of
different liquids. Some of the mixed liquid samples can comprise one or more

discrete elements whereas other liquid samples can comprise no discrete
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elements. Also, the liquid samples are supplied sequentially to the mixing
chamber. Therefore, the timing for supplying the liquid samples to the mixing
chamber is controllable. Furthermore, transferring liquid samples between
different devices is a complex task due to the very small volumes of the liquid
samples, typically less than 1 microliter. The use of a same fluidic unit for
sequentially metering and mixing the liquid samples avoids such transfer of the
liquid samples between separated devices.
[0134] As shown in Fig. 4, the liquid sample 100a containing the discrete
element 10 passes from the metering chamber 5 to the mixing chamber 8 in
response to the application of a second unidirectional force field F2. The second
unidirectional force field is applied in a second direction X2 of the fluidic unit
opposed to the first direction X1.
[0135] In the embodiment of Fig. 4, the hydraulic resistance of the well
output conduit 4 is greater than the hydraulic resistance of the metering output
conduit 7, such that the liquid sample exiting the metering chamber in response
to the application of the second unidirectional force field flows towards the mixing
chamber 8 and not towards the well 3.
[0136] In an alternative embodiment, the invention concerns a fluidic unit
configured for trapping a discrete element 10 in a liquid sample 100a. The
alternative embodiment comprises a fluidic circuit 11 comprising:
e a well 3 for receiving a volume of a liquid 100 comprising the discrete
element 10;
e awell output conduit 4;
¢ a metering chamber 5 in fluid communication with the well 3 through said
well output conduit 4, for metering a liquid sample 100a of the volume of
the liquid 100 received from the well 3, the liquid sample 100a preferably
having a volume inferior to 1 microliter;
e a waste output conduit 6 for evacuating an excess portion 100b of the
volume of the liquid 100 from the metering chamber 5;
¢ waste output conduit obstruction means 6a able to be in closed and
opened configurations for preventing or allowing the liquid to pass through

the waste output conduit 6, respectively.
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[0137] The alternative embodiment of the fluidic unit 2 is preferably
configured such that, in response to an application of a first force field F1:
¢ when the waste output conduit obstruction means 6a is in the closed
configuration, the liquid and the discrete element 10 are able to pass from
the well 3 to the metering chamber 5 through the well output conduit 4.
[0138] The alternative embodiment of the fluidic unit 2 is also preferably
configured such that, in response to an application of a third force field F3, and
upon switching the waste output conduit obstruction means 6a from the closed to
the opened configuration:
¢ the liquid sample 100a and the discrete element 10 are prevented from
exiting the metering chamber 5 through the waste output conduit 6, and
¢ the excess portion 100b is able to exit from said metering chamber 5
through the waste output conduit 6.
[0139] The third force field F3 can be identical or different from the first
force field F1. In an example, said third force field F3 is different in amplitude from
the first force field F1. Preferably, the third force field F3 is a unidirectional force
field. Preferably, it has the same direction as the first force field F1 but a different
amplitude. The first and third force fields F1, F3 can have the same or different
directions.
[0140] In an embodiment of the fluidic unit comprising a mixing chamber
and a metering output conduit, the third force field F3 is different from, and
preferably opposed to the second force field F2.
[0141] In an example of the fluidic unit according to the invention, the first,
second, and third force fields F1, F2, F3 are each unidirectional force fields
applied along a first direction X1, a second direction X2, and a third direction X3
of the fluidic unit. Preferably, a smaller angle between the second direction X2
and the third direction X8 is comprised between pi/2 and pi radians, preferably
equal to pi radians. Preferably, the first direction X1 is identical to the third
direction X3.
[0142] Generally speaking, the force field F1 can be constant or varying in
time in the fluidic unit and/or method of the invention. Also, the force field F2 can
be constant or varying in time in the fluidic unit and/or method of the invention.
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Also, the force field F3 can be constant or varying in time in the fluidic unit and/or
method of the invention.

[0143] Generally speaking, the force fields F1 and F2 can differ by their
direction and/or amplitude in the fluidic unit and/or method of the invention.
Generally speaking, the force fields F2 and F3 can differ by their direction and/or
amplitude in the fluidic unit and/or method of the invention. Generally speaking,
the force fields F1 and F3 can differ by their direction and/or amplitude in the
fluidic unit and/or method of the invention.

[0144] In Fig. 8, another embodiment of the fluidic device 2 according to
the invention is shown. The fluidic circuit 11 extends along an axis X2 of the fluidic
unit 2 from a lower surface 21 to an upper surface 22 of the fluidic unit. The well
3 of the fluidic circuit 11 extends along the axis X2 and in the direction of
increasing X2 from a lower opening 31 to an upper opening 32 of the well 3. The
upper opening 32 of the well 3 opens onto the upper surface 22. The well output
conduit 4 extends along the axis X2 and in the direction of increasing X2 from a
lower opening 41 of the well output conduit 4 to the lower opening 31 of the well
3.

[0145] The metering chamber 5 of the fluidic device 2 extends along the
axis X2 and in the direction of increasing X2 from a lower end 51 to an upper end
52 of the metering chamber 5, the upper end 52 of the metering chamber 5 being
in fluid communication with the well output conduit 4 through the lower opening
41 of the well output conduit 4.

[0146] The fluidic device 2 further comprises a waste output conduit 6
extending along the axis X2 and in the direction of increasing X2 from a lower
opening 61 to an upper opening 62 of the waste output conduit 6. The upper
opening 62 of the waste output conduit 6 is in fluid communication with the
metering chamber 5. The upper opening 62 of the waste output conduit 6 is
located between the upper end 52 of the metering chamber and the lower
opening 41 of the well output conduit 4 along the axis X2. The waste output
conduit 6 is openable on the lower surface 21 of the fluidic unit 2 through its lower
opening 61.

[0147] The fluidic circuit 11 of the fluidic device 2 further comprises a

mixing chamber 8 in fluid communication with the metering chamber 5 through a
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metering output conduit 7. The mixing chamber 8 extends along the axis X2 and
in the direction of increasing X2 from a lower end 81 to an upper end 82 of the
mixing chamber 8.

[0148] The metering output conduit 7 extends along the axis X2 and in the
direction of increasing X2 from a lower opening 71 (in fluidic communication with
the upper end 52 of the metering chamber 5) to an upper opening 72 of the
metering output conduit 7 (in fluid communication with the mixing chamber 8).
The lower opening 71 of the metering output conduit 7 is located higher than the
lower opening 41 of the well output conduit 4 along the axis X2. The cross-
sectional area of the lower opening 71 of the metering output conduit 7 is larger
than the cross-sectional area of the lower opening 41 of the well output conduit
4. Preferably, itis 5 times larger.

[0149] The upper opening 72 of the metering output conduit 7 is located
below the upper end 82 of the mixing chamber 8 along the axis X2. In this way,
a number of previously metered liquid samples in the mixing chamber may be
forced towards the upper end 82 of the mixing chamber 8 and above the upper
opening 72 of the metering output conduit 7 in response to the application of the
second force field F2. In this way, subsequent metered liquid samples may enter
the mixing chamber. Preferably, a portion of the mixing chamber 8 located
beyond the upper opening 72 of the metering output conduit 7 with respect to the
axis X2 has a volume comprised between 2 and 20 times the volume of the
metering chamber 5.

[0150] To prevent the liquid in the mixing chamber 8 from backflowing
towards the metering chamber 5 in response to the application of the first force
field F1 (e.g. during the metering of a subsequent liquid sample), the upper
opening 72 of the metering output conduit 7 is located above the lower end 81 of
the mixing chamber 8 along the axis X2. Preferably, a portion of the mixing
chamber 8 located below the upper opening 72 of the metering output conduit 7
with respect to the axis X2 has a volume comprised between 2 and 20 times the
volume of the metering chamber 5.

[0151] The fluidic circuit 2 is configured such that the liquid sample 100a
comprising the discrete element 10 is able to pass from said metering chamber
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5 to said mixing chamber 8 through the metering output conduit 7 in response to
an application of the second force field F2 aligned with the axis X2.

[0152] The metering output conduit 7 has a lower hydraulic resistance than
the well output conduit 4. This can be achieved in different ways. For example, in
Fig. 8, the cross-sectional area of the lower opening 71 of the metering output
conduit 7 is greater than the cross-sectional area of the lower opening 41 of the
well output conduit 4. For example, in figure 8, the cross-sectional area of the
metering output conduit 7 substantially decreases from the lower opening 71 to
the upper opening 72 of the metering output conduit 7. This prevents the fluid
from returning from the metering chamber 5 to the well 3 instead of passing from
the metering chamber 5 to the mixing chamber 8 when the second force field F2
is applied on the device.

[0153] In Fig. 8, the lower opening 61 of the waste output conduit 6 and
the upper opening 32 of the well 3 are located relative to each other such that a
projection of the lower opening 61 of the waste output conduit 6 along the axis
X2 is entirely comprised in the upper opening 32 of the well 3. In this way, more
samples may be produced in a single step by stacking fluidic devices according
to the invention on top of each other and with their lower surface 21 facing the
upper surface 22 of an adjacent fluidic device 2.

[0154] An example of such configuration is shown in Fig. 9. In such an
arrangement, the excess portion of the liquid flowing out of an upper fluidic device
via its open waste output conduit 6 is received in the well 3 of a lower fluidic
device such that another sample may be metered while the first force field F1 is
applied on the devices. Two or more of such fluidic devices may be stacked on
top of each other to further increase the number of metered samples in a same
batch.

[0155] In Fig. 5, a device comprising several fluidic circuits according to the
invention is shown. The device is formed by assembling a bar 12 with a sealing
member 13 (not shown in Fig. 5). The fluidic circuit 11 of each fluidic unit 2 is
formed between a recessed portion 12sr in a first surface 12s of the bar and a
second surface belonging to the sealing member 13. The wells of the fluidic
circuits open on an upper surface of the bar and the lower openings 61 of the
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waste output conduits 6 of the fluidic circuits are located on a lower surface of the
bar opposed to the upper surface of the bar.

[0156] Forming fluidic units according to the invention by using such bar is
convenient. Indeed, the recessed portion in the first surface of the bar can be
manufactured in a first step. Then, the recessed portions can be closed by the
second surface of the sealing member to form the fluidic circuits. In this way,
there is no need for drilling through a material to manufacture the fluidic circuit or
to use dedicated moulds.

[0157] Figures 9 and 10 shows an assembly of bars 12 according to the
invention. In this assembly, the lower surface 21 of an upper bar is in contact with
the upper surface 22 of a lower bar 12. Each bar comprises a first surface 12s
comprising recessed portions 12sr for being closed by the second surface of the
sealing member to form the fluidic circuits. In this embodiment, the fluidic circuits
are only partially formed between the recessed portions 12sr and the second
surface of the sealing member 13, see the waste output conduit 6 having its lower
opening 61 comprised in the lower surface 21 of the bars.

[0158] As shown figures 9 and 10, the lower openings 61 of the waste
output conduit 6 are facing the upper openings 32 of the wells 3 when the bars
are assembled. In this way, the number of metered samples is multiplied by the
number of bars. An excess portion of the liquid flowing out of an upper bar in
response to the application of the first or third force field is received in the well 3
of a lower bar. Liquid samples are thus metered successively. The last excess
portion exiting from the lowest bar 12 may be received in waste collection
container 9 comprised in a dedicated bar. This avoids wasting or dispersing the
excess portion of the liquid in a centrifuge machine.

[0159] The waste collection container 9 may be configured for receiving
liquid from the waste output conduit 6 and/or may be configured for receiving
liquid from the mixing chamber, through an opening in the lower end 81 of the
mixing chamber 8. The opening in one end of the mixing chamber may be
implemented in a similar manner as the waste output conduit. In figure 10 for
example, the waste collection container 9 is configured so as to receive liquid
from the mixing chamber, whereas in figure 9, the waste collection 9 is configured
so as to receive liquid from the waste output conduit. Both configurations may be
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present so that both liquids may be collected, depending on the opening or
obstructing of the respective conduits.

[0160] Fig. 11 shows a cross-sectional view of a multi-well plate 1
according to the third aspect of the invention. The multi-well plate 1 comprises
several fluidic units 2 according to the invention. The upper surfaces 22 of the
fluidic units 2 are comprised in an upper surface of the multi-well plate 1. In this
way, all the wells 3 of the fluidic units 2 open on the upper surface of the multi-
well plate 1. The lower surfaces 21 of the fluidic units 2 are comprised in the lower
surface of the well plate 1. In this way, all the waste output conduits 7 open on
the lower surface of the multi-well plate 1.

[0161] For example, such multi-well plate 1 may be manufactured through
high-precision 3D-printing techniques.

[0162] Fig. 6 shows a multi-well plate 1 comprising an assembly of several
bars according to a preferred embodiment of the invention. Some bars 12 of the
multi-well plate 1 not only comprise the first lateral surface 12s with the recessed
portions 12sr, but also a second lateral surface 13s configured for contacting or
mating with the first lateral surface 12s of an adjacent bar to form fluidic units and
circuits according to the invention, as explained below.

[0163] In Fig. 6, the multi-well plate 1 comprises a first adjacent bar 12 and
a second adjacent bar 13. The first adjacent bar 12 comprises a first lateral
surface 12s comprising one or more recessed portion 12sr. The second adjacent
bar 13 comprises a second lateral surface 13s. When the first and second bars
are assembled to form the multi-well plate 1, the first lateral surface 12s of the
first adjacent bar 12 is pressed against the second lateral surface 13s of the
second adjacent bar 13. The first and second lateral surfaces 12s, 13s are in
sealing contact except at a level of the recessed portions 12sr, such that one or
more fluidic circuits 11 are formed between the recessed portion 12sr and the
second lateral surface 13s.

[0164] To reduce the number of bars required to assemble the multi-well
plate 1, both lateral surfaces of the bars may be used to form fluidic circuits 11.
[0165] For example, as illustrated in Fig. 6, the multi-well plate 1 comprises
a third adjacent bar 14 having a second lateral surface 13s, and the second
adjacent bar 13 comprises a first lateral surface 12s opposed to its second lateral
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surface 13s. The first lateral surface 12s of the second adjacent bar 13 comprises
one or more recessed portions 12sr and is pressed against the second lateral
surface 13s of the third adjacent bar 14 when the multi-well plate 1 is assembled.
In this way, fluidic circuits 11 are formed between the recessed portions 12sr of
the first lateral surface 12s of the second adjacent bar 13 and the second lateral
surface 13s of the third adjacent bar 14.
[0166] In the embodiment of Fig. 6, the second lateral surfaces 13s of the
bars 12 are planar. The multi-well plate shown in Fig. 6 is not fully assembled.
[0167] In Fig. 7, the multi-well plate 1 of Fig. 6 is represented fully
assembled. It comprises 24 adjacent bars 12. All the wells 3 of the fluidic circuits
open on an upper surface of the multi-well plate. A waste collection container 9
is coupled to a lower surface of the multi-well plate opposed to the upper surface
thereof.
[0168] The multi-well plate 1 of Figs. 6 and 7 is configured for installing in
a centrifuge machine for applying the first and second force fields F1, F2 to the
multi-well plate, and driving liquids in the fluidic circuits.
[0169] The present invention has been described with reference to specific
embodiments, the purpose of which is purely illustrative, and they are not to be
considered limiting in any way. In general, the present invention is not limited to
the examples illustrated and/or described in the preceding text. Use of the verbs
"comprise”, "include", "consist of", or any other variation thereof, including the
conjugated forms thereof, shall not be construed in any way to exclude the
presence of elements other than those stated. Use of the indefinite article, "a" or
"an", or the definite article "the" to introduce an element does not preclude the
presence of a plurality of such elements. The reference numbers cited in the
claims are not limiting of the scope thereof.
[0170] In summary, the invention may also be described as follows. A
fluidic unit 2, preferably microfluidic, for trapping a discrete element 10 in a liquid
sample 100a and comprising:

. a well 3 for receiving a volume of a liquid 100 comprising the discrete

element 10;
. a well output conduit 4;
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. a metering chamber 5 in fluid communication with the well 3 through
said well output conduit 4, for metering a liquid sample 100a of the
volume of the liquid 100 received from the well 3;
. a waste output conduit 6 for evacuating an excess portion 100b of the
volume of the liquid 100 from the metering chamber 5.
[0171] An exemplary method for trapping a discrete element 10 in a liquid
sample 100 using the fluidic unit 2 of the invention is detailed below.
[0172] The method comprises a first step of setting the waste output
obstruction means 6a of the fluidic unit in a closed configuration such that liquid
100 is prevented from flowing in the waste output conduit 6. In a second step, the
well 3 is supplied with a volume of a liquid 100 comprising a discrete element 10.
In a third step, the fluidic unit 2 is placed in a centrifuge machine. In a fourth step,
the waste output conduit 6 is kept closed and a first force field F1 is applied on
the fluidic unit 2. The first force field F1 is applied along a first direction X1 of the
fluidic unit. The first force field F1 is a centrifugal force field because it is
generated by a centrifuge machine, but it is substantially unidirectional across the
fluidic unit 2. In response to the application of the first force field F1, the liquid
and the discrete element pass from the well 3 to the metering chamber 5 via the
well output conduit 4.
[0173] Following the application of the first force field F1, the discrete
element migrates towards a bottom of the metering chamber. The bottom of the
metering chamber is an extremal and downstream portion of the metering
chamber 5 along the direction X1. In this way, the application of the first force
field F1 along the direction X1 drives the discrete element with a higher mass
density than the liquid towards the bottom of the metering chamber.
[0174] Once the discrete element 10 has reached the metering chamber
5, a fifth step comprises switching the waste output obstruction means 6a from
the closed to the opened position. In a sixth step, while the waste output conduit
is opened, a third force field F3 is applied on the fluidic unit 2. In response to the
application of the third force field F3, an excess portion 100b of the liquid 100
flows from the metering chamber 5 to the waste collection container via the
opened waste output conduit 6. The third force field F3 may be different or
identical to the first force field F1. In the present exemplary embodiment of the
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method, the third force field F3 is a centrifugal force field being substantially
unidirectional across the fluidic unit. The third force field F3 is directed along the
same direction as the first force field F1 but is of greater amplitude.
[0175] Due to the shape of the fluidic unit 2 and the direction of the third
force field F3, the liquid sample and the discrete element are prevented from
exiting the metering chamber through the waste output conduit. They are trapped
in the metering chamber.
[0176] In summary, the method comprises the steps of:
¢ closing the waste output conduit,
¢ inserting a volume of a liquid in the well, the volume of the liquid preferably
comprising a discrete element,
¢ while the waste output conduit is closed, applying a first force field F1 on
the fluidic unit such that in response to the application of the first force field
Fi:
o the liquid and the discrete element pass from the well to the
metering chamber through the well output conduit,
e opening the waste output conduit,
¢ while the waste output conduit is opened, applying a third force field F3 on
the fluidic unit such that in response to the application of the third force
field F3:
o the excess portion exits from said metering chamber through the
waste output conduit, and
o the liquid sample and the discrete element are prevented from
exiting the metering chamber through the waste output conduit.
[0177] As already exposed, the third force field F3 can be identical or
different from the first force field F1. In an example, said third force field F3 is
different in amplitude from the first force field F1. Preferably, the third force field
F3 is a unidirectional force field. Preferably, it has the same direction as the first
force field F1. In an embodiment of the fluidic unit comprising a mixing chamber
and a metering output conduit, the third force field F3 is different from, and
preferably opposed to the second force field F2.
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[0178] Preferably, the method further comprises a seventh step of
detaching and removing the waste collection container containing the excess
portion of the liquid from the fluidic unit.

[0179] Preferably, the method further comprises an eighth step of applying
a second force field F2 on the fluidic unit, the second force field F2 being a second
unidirectional force field in a second direction X2 of the fluidic unit opposed to the
first direction X1. In response to the application of the second unidirectional force
field, the metered liquid sample and the discrete element contained therein pass
from the metering chamber to the mixing chamber through the waste output
conduit. Following this, the liquid sample and discrete element can be collected
in the mixing chamber, or steps of the method can be repeated to supply
additional liquid samples to the mixing chamber. In this way, the liquid sample
and discrete element can be mixed with the additional liquid samples preferably
comprising additional discrete elements or additional reagents for
experimentations.

[0180] In an experiment, the inventors proved that the liquid flow inside the
mixing chamber can be controlled during the metering step in terms of
acceleration threshold for driving the liquid in the mixing chamber. In the
experiment, 5ul of liquid are supplied in the well while a previous liquid sample is
already in the mixing chamber, in a most elevated portion of the mixing chamber
with respect to the direction X1 of the first force field F1. Then, the first force field
F1 is applied to the fluidic unit. In response to the application of the first force field
F1, the liquid in the well flows from the well to the metering chamber but the
previous liquid sample in the mixing chamber does not experience any flow. This
is due to the given geometry of the mixing chamber which sets the necessary
acceleration threshold for moving the previous liquid sample higher than the
acceleration required to perform the metering. In response to an application of an
acceleration higher than the necessary acceleration threshold and in the direction
X1, the previous liquid sample passes from the most elevated portion of the
mixing chamber to the least elevated portion of the mixing chamber with respect
to the direction X1. In other words, the acceleration required for moving the liquid
from one end to the opposed end of the mixing chamber is greater than the
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acceleration required for the metering of a liquid sample. This can be very
functional in sequential microfluidic networks undergoing centrifugal force.
[0181] In an experiment, the inventors trapped a particle with an exemplary
embodiment of the fluidic unit of the invention. In this aim, polystyrene particles
with a diameter of 5.21um were diluted in deionized water. Then, the lower
opening 61 of the waste output conduit 6 was obstructed with a suitable paste
and the liquid was pressurized towards the metering chamber by centrifugation.
The polystyrene particles migrated towards the metering chamber. After opening
the lower opening 61, the excess portion of the liquid was then driven out of the
fluidic unit by centrifugation, while the liquid sample containing the polystyrene
particles remained trapped in the metering chamber. This experiment was
repeated three times successfully.

[0182] The present application also discloses a method for trapping
discrete elements 10 in liquid samples 100a by using a multi-well plate 1
according to the invention. The method also allows for mixing the plurality of liquid
samples 100a in the multi-well plate 1. First, initial volumes of one or more liquids
are inserted in the wells 3 of the multi-well plate 1. Optionally, the multi-well plate
1 may be stacked on top of one or more other multi-well plates 1 according to the
invention, as explained above, to increase the number of metered samples as
explained above. Then, the multi-well plate 1 is inserted in a swinging bucket
centrifuge machine with its lower surface oriented towards and supported by the
bucket. The rotating speed of the centrifuge is then increased up to reaching a
speed such that a first force field F1 is applied on the multi-well plate 1 and in a
direction X1 opposed to the direction X2 of the multi-well plate 1.

[0183] In response to the application of the first force field F1, the liquid
100 passes from the wells 3 to the metering chambers 5. Then, a third force field
F3 is applied on the multi-well plate 1 in the direction X1 such that the portions
100b of the liquid in excess of the liquid sample 100a exit from the metering
chambers 5 through the waste output conduit 6, whereas the liquid samples 100a
are prevented from exiting the metering chambers 5. In case multiple multi-well
plates 1 are stacked onto each other such that the lower openings 61 of the waste
output conduits 6 of an upper multi-well plate are facing the upper openings of
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the wells 3 of a lower multi-well plate, the metering occurs in each of the stacked
multi-well plates while the third force field is continuously applied on the plates.
[0184] After the metering operation, the centrifuge is switched off and the
multi-well plate (or the stacked multi-well plates) are flipped upside down in the
machine such that the upper surface of the multi-well plate 1 is supported by, and
facing the bucket. Then, a second force field F2 is applied on the multi-well plate
or plates 1 in the direction X2 such that the liquid samples 100a pass from the
metering chambers 5 to the mixing chambers 8.

[0185] The steps of this method may be repeated several times with the
same or different liquids such that several samples are mixed in the mixing
chambers of the multi-well plates. For metering and driving N samples in each
mixing chambers of the plate according to the invention, the plate needs to be
flipped 2N-1 times with respect to the centrifuge machine.
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1. Fluidic unit (2) for trapping a discrete element (10) in a liquid sample (100a)

having a volume inferior to 1 microliter and comprising a fluidic circuit (11)

comprising:

- awell (3) for receiving a volume of a liquid (100) comprising the discrete

element (10),

- awell output conduit (4),

- a metering chamber (5) in fluid communication with the well (3) through

said well output conduit (4), for metering a liquid sample (100a) of the
volume of the liquid (100) received from the well (3),

- an obstructable waste output conduit (6) for evacuating an excess portion

(100Db) of the volume of the liquid (100) from the metering chamber (5).

2. Fluidic unit (2) according to claim 1, wherein:

the fluidic circuit (11) extends along an axis X2 of the fluidic unit (2),
the well (3) extends along the axis X2 and in the direction of increasing
X2 from a lower opening (31) to an upper opening (32) of the well (3),
the well output conduit (4) extends along the axis X2 and in the
direction of increasing X2 from a lower opening (41) of the well output
conduit (4) to the lower opening (31) of the well (3),

the metering chamber (5) extends along the axis X2 and in the direction
of increasing X2 from a lower end (51) to an upper end (52) of the
metering chamber (5), the upper end (52) of the metering chamber (5)
being in fluid communication with the well output conduit (4) through
the lower opening (41) of the well output conduit (4),

the waste output conduit (6) extends along the axis X2 and in the
direction of increasing X2 from a lower opening (61) to an upper
opening (62) of the waste output conduit (6) in fluid communication with
the metering chamber (5), the upper opening (62) of the waste output
conduit (6) being located between the upper end (52) of the metering
chamber and the lower opening (41) of the well output conduit (4) along
the axis X2.
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3. Fluidic unit (2) according to the previous claim, comprising a metering output

conduit (7) extending along the axis X2 and in the direction of increasing X2
from a lower opening (71) of the metering output conduit (7) in fluidic
communication with the upper end (52) of the metering chamber (5) to an
upper opening (72) of the metering output conduit (7), wherein the lower
opening (71) of the metering output conduit (7) is located higher than the lower
opening (41) of the well output conduit (4) along the axis X2.

. Fluidic unit (2) according to the previous claim, wherein the lower opening (71)

of the metering output conduit (7) is separated from the lower opening (41) of
the well output conduit (4) by a distance measured along the axis X2 strictly

greater than Oum, preferably of at least 1 um.

. Fluidic unit (2) according to claim 3 or 4, having:

- across-sectional area of the metering output conduit (7) measured in
a plane normal to a longitudinal axis (73) of the metering output conduit
(7),
- a cross-sectional area of the well output conduit (4) measured in a
plane normal to a longitudinal axis (43) of the well output conduit (4),
and wherein the cross-sectional area of the metering output conduit at its
lower opening (71) is greater than the cross-sectional area of the well output
conduit (4) at the lower opening (41) of the well output conduit (4).

. Fluidic unit (2) according to claim 5, wherein a ratio of the cross-sectional area

of the metering output conduit (7) at a level of the lower opening (71) of the
metering output conduit (7) to the cross-sectional area of the well output
conduit (4) at a level of the lower opening (41) of the well output conduit (4) is
greater than 1, preferably greater than 5, more preferably greater than 20.

. Fluidic unit (2) according to any of claims 3 to 6, wherein the cross-sectional

area of the metering output conduit (7) substantially decreases from the lower
opening (71) to the upper opening (72) of the metering output conduit (7).
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8. Fluidic unit (2) according to any of claim 1 to 7, wherein the fluidic unit (2)
extends along an axis X2 and in the direction of increasing X2 from a lower
surface (21) to an upper surface (22) of the fluidic unit (2), and wherein:

- the well (3) opens on the upper surface (22) of the fluidic unit (2)
through the upper opening (32) of the well (3),

- the waste output conduit (6) is openable on the lower surface (21) of
the fluidic unit (2) through the lower opening (61) of the waste output
conduit (6).

9. Fluidic unit (2) according to claim 8, wherein the lower opening (61) of the
waste output conduit (6) and the upper opening (32) of the well (3) are located
relative to each other such that a projection of the lower opening (61) of the
waste output conduit (6) along the axis X2 is entirely comprised in the upper
opening (32) of the well (3).

10.Fluidic unit (2) according to any of the previous claims, wherein the fluidic
circuit (11) comprises waste output conduit obstruction means (6a) able to be
in closed and opened configurations for preventing or allowing the liquid to
pass through the waste output conduit (6), respectively.

11.Fluidic unit (2) according to claim 10, and wherein the fluidic unit (2) is
configured such that, in response to an application of a first force field F1:
- when the waste output conduit obstruction means (6a) is in the closed
configuration:
o the liquid and the discrete element (10) are able to pass from the
well (3) to the metering chamber (5) through the well output conduit
(4),
- upon switching the waste output conduit obstruction means (6a) from the
closed to the opened configuration:
o the liquid sample (100a) and the discrete element (10) are
prevented from exiting the metering chamber (5) through the waste

output conduit (6), and
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o the excess portion (100b) is able to exit from said metering chamber

(5) through the waste output conduit (6).

12.Fluidic unit (2) according to claim 10 or 11, wherein the waste output conduit
obstruction means (6a) is selected among:

- avalve for closing and opening the waste output conduit (6);

- atape for removably sticking to the lower surface (21) of the fluidic unit
(2) to obstruct the lower opening (61) of the waste output conduit (6);

- a plug for removably obstructing the lower opening (61) of the waste
output conduit (6); or

- adead-end of the waste output conduit (6), and the waste output conduit
(6) is openable by piercing or drilling the fluidic unit through the dead-end

- a dissolvable membrane for obstructing the lower opening (61) of the
waste output conduit (6) and for dissolving upon an application of a

solvent on it.

13.Fluidic unit (2) according to any one of claims 3 to 12, wherein the fluidic circuit
(11) further comprises a mixing chamber (8) in fluid communication with the
metering chamber (5) through said metering output conduit (7), for mixing
several liquid samples (100a) coming from the metering chamber (5).

14.Fluidic unit (2) according to claim 13, wherein:

- the mixing chamber (8) extends along the axis X2 and in the direction
of increasing X2 from a lower end (81) to an upper end (82) of the
mixing chamber (8),

- the metering output conduit (7) is in fluidic communication with the
mixing chamber (8) through the upper opening (72) of the metering
output conduit (7),

- the upper opening (72) of the metering output conduit (7) is located
below the upper end (82) of the mixing chamber (8) along the axis X2,
preferably separated from the upper end (82) of the mixing chamber
(8) by a distance measured along the axis X2 of at least 1 um,
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- the upper opening (72) of the metering output conduit (7) is located
above the lower end (81) of the mixing chamber (8) along the axis X2,
preferably separated from the lower end (81) of the mixing chamber (8)
by a distance measured along the axis X2 of at least 1 mm.

15.Fluidic unit (2) according to claim 13 or 14, configured such that the liquid
sample (100a) comprising the discrete element (10) is able to pass from said
metering chamber (5) to said mixing chamber (8) through the metering output
conduit (7) in response to an application of a second force field F2 different
from the first force field F1.

16.Fluidic unit (2) according to any one of claims 11 to 15, configured such that
the first force field F1 is a first unidirectional force field F1 in a direction of an
axis X1 of the fluidic unit (2), the direction of the axis X1 being opposed to the
direction of the axis X2.

17.Fluidic unit (2) according to the previous claim, configured such that the
second force field F2 is a second unidirectional force field F2 in a direction of
the axis X2 of the fluidic unit (2).

18.Fluidic unit (2) according to any one of claims 13 to 17, wherein the mixing
chamber (8) extends along the axis X2 and in the direction of increasing X2
from a lower end (81) to an upper end (82) of the mixing chamber (8), and
wherein a shape of the mixing chamber (8) is configured such that:
- in response to the application of the first unidirectional force field F1, a
liquid sample (100a) located in the upper end (82) of the mixing chamber
(8) is prevented from leaving the upper end (82) of the mixing chamber
(8) by capillary forces, and
- upon application of another force in the direction of the axis X1 of the
fluidic unit (2) and with an amplitude exceeding an amplitude of the first
unidirectional force field F1, the liquid sample located in the upper end
(82) of the mixing chamber (8) can flow from the upper end (82) towards
the lower end (81) of the mixing chamber (8).



WO 2024/175769 PCT/EP2024/054643

10

15

20

25

30

47

19.Fluidic unit (2) according to any of the previous claims, comprising:

- abar(12) comprising a first lateral surface (12s) comprising a recessed
portion (12sr), and

- asealing member (13) comprising a second lateral surface (13s),
wherein the bar (12) and the sealing member (13) are configured such that
the fluidic circuit (11) of the fluidic unit (2) is at least partially formed between
the recessed portion (12sr) of the first lateral surface (12s) and the second
lateral surface (13s) when said first and second lateral surfaces (12s, 13s) are
in contact.

20.A bar (12) comprising a first lateral surface (12s) comprising a recessed

21

portion (12sr) and configured for contacting a second lateral surface (13s) of
a sealing member (13), the bar (12) being configured such that, when said
first and second lateral surfaces (12s, 13s) are in contact, a fluidic unit (2)
according to any one of the previous claims is at least partially formed, the
fluidic circuit (11) of said fluidic unit (2) being at least partially formed between
the recessed portion (12sr) of the first lateral surface (12s) and the second
lateral surface (13s).

.A bar (12) according to the previous claim, wherein the first lateral surface

(12s) comprises a plurality of the recessed portions (12sr) each corresponding
to a respective fluidic circuit (11).

22.A bar (12) according to claim 20 or 21, further comprising a second lateral

surface (13s) for contacting the first lateral surface (12s) of another bar (12)
according to claim 20 or 21 such that one or more fluidic circuits are at least
partially formed between the second lateral surface (13s) of the bar (12) and
the recessed portions (12sr) of the first lateral surface (12s) of the other bar
(12) when the second lateral surface (13s) of the bar (12) is in contact with
the first lateral surface (12s) of the other bar (12).

23.A bar (12) according to any one of claims 20 to 22, wherein the first lateral

surface (12s) is configured for contacting a second lateral surface (13s) of a
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sealing member (13), the sealing member (13) being a tape, a silicone layer,
another bar according to claim 22, or a part comprising a second lateral
surface (13s).

24 .Multi-well plate (1) comprising a plurality of fluidic units (2) according to any

one of claims 1 to 19.

25.Multi-well plate (1) comprising a first adjacent bar (12) comprising a first lateral

surface (12s), and a second adjacent bar (13) comprising a second lateral
surface (13s), wherein the first lateral surface (12s) of the first adjacent bar
(12) comprises one or more recessed portion (12sr) and is configured for
contacting the second lateral surface (13s) of the second adjacent bar (13)
when the multi-well plate (1) is assembled, forming one or more fluidic units
(2) according to any one of claims 1 to 19, the fluidic circuit (11) of each fluidic
unit (2) being at least partially formed between a corresponding recessed
portion (12sr) of the first lateral surface (12s) of the first adjacent bar (12) and
the second lateral surface (13s) of the second adjacent bar (13).

26.Multi-well plate (1) according to claim 25, comprising a third adjacent bar (14)

comprising a second lateral surface (13s),

wherein the second adjacent bar (13) comprises a first lateral surface (12s)
opposed to the second lateral surface (13s) of the second adjacent bar (13),
wherein the first lateral surface (12s) of the second adjacent bar (13)
comprises one or more recessed portions (12sr) and is configured for
contacting the second lateral surface (13s) of the third adjacent bar (14) when
the multi-well plate (1) is assembled, the second and third adjacent bars (13,
14) being configured such that, when the first lateral surface (12s) of the
second adjacent bar (13) and the second lateral surface (13s) of the third
adjacent bar (14) are in contact, one or more fluidic units (2) according to any
one of claims 1 to 19 are at least partially formed, the fluidic circuit (11) of
each fluidic unit (2) being at least partially formed between a corresponding
recessed portion (12sr) of the first lateral surface (12s) of the second adjacent
bar (13) and the second lateral surface (13s) of the third adjacent bar (14).
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27.Multi-well plate (1) according to any of claims 24 to 26 wherein the upper
surfaces (22) of the fluidic units (2) are comprised in an upper surface of the
multi-well plate (1), and the lower surfaces (21) of the fluidic units (2) are
comprised in a lower surface of the well plate (1).

28.Method for trapping a discrete element (10) in a liquid sample (100a) in a
fluidic unit (2) according to any one of claims 1 to 19, the method comprising:

- closing the waste output conduit (6),

- inserting a volume of a liquid (100) comprising a discrete element (10)
in the well (3),

- while the waste output conduit (6) is closed, applying a first force field
F1 on the fluidic unit (2) such that in response to the application of the
first force field F1:

o the liquid (100) passes from the well (3) to the metering chamber
(5) through the well output conduit (4),

o the discrete element (10) passes from the well (3) towards the
metering chamber (5) through the well output conduit (4),

- opening the waste output conduit (6),

- while the waste output conduit (6) is opened, applying a third force field
F3 on the fluidic unit (2) such that in response to the application of the
third force field F3:

o the excess portion (100b) exits from said metering chamber (5)
through the waste output conduit (6), and

o the liquid sample (100a) and the discrete element (10) are
prevented from exiting the metering chamber (5) through the waste
output conduit (6).

29.Method according to claim 28, wherein the first force field F1 and the third
force field F3 are in a direction of the axis X1, the direction of the axis X1 being
opposed to the axis X2 of the fluidic unit.
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30.Method according to claim 29 and comprising, after applying the third force
field F3 on the fluidic unit (2):

- applying a second force field F2 in the direction of the axis X2 on the
fluidic unit (2) such that in response to the application of the second
force field F2:

o the liquid sample (100a) and the discrete element (10) pass from
the metering chamber (5) to the mixing chamber (8) through the

metering output conduit (7).

31.Method for trapping discrete elements (10) in liquid samples (100a) in a multi-
well plate (1) according to any of claims 24 to 27, and mixing the plurality of
liquid samples (100a) in the multi-well plate (1), the method comprising:

- inserting an initial volume of a liquid (100) in the well (3),

- applying a first force field F1 on the multi-well plate (1) and in a direction
X1 opposed to the direction X2 of the multi-well plate (1) such that in
response to the application of the first force field F1:

o the initial volume of the liquid (100) passes from the well (3) to the
metering chamber (5) through the well output conduit (4),

- applying a third force field F3 on the multi-well plate (1) in the direction
X1 such that in response to the application of the third force field F3:

o an excess portion (100b) of the initial volume of the liquid (100) in
excess of the liquid sample (100a) exits from the metering chamber
(5) through the waste output conduit (6), and

o the liquid sample (100a) is prevented from exiting the metering
chamber (5),

- applying a second force field F2 on the multi-well plate (1) in the
direction X2 such that in response to the application of the second force
field F2:

o the liquid sample (100a) passes from the metering chamber (5) to
the mixing chamber (8) through the metering output conduit (7).
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32.Method according to claim 31, wherein the steps of the method are repeated
N times such that N of the liquid samples (100a) are received in the mixing
chamber (8), N being an integer greater than 1.

5  33.Method according to any of claims 31 or 32 and comprising, between applying
the third force field F3 and the second force field F2:
- rotating the multi-well plate (1) by an angle of pi radians around an axis
orthogonal to the axis X2.

10 34.Method according to claim 33 when depending on claim 32 and comprising,
after applying the second force field F2:
- rotating the multi-well plate (1) by an angle of pi radians around an axis
orthogonal to the axis X2.

15
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