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(57)  Areactor system (1) configured for carrying out
areaction, comprises at least one process chamber (20)
and at least one device (40). The process chamber (20)
is connected to the device via a first channel (22) and via
asecond channel (24). The process chamber (20) carries

out a reaction forming a product and a waste liquid, and
the device (40) receives the product and waste liquid via
the first channel (22) and returns the waste liquid to the
process chamber (20) via the second channel (24). A
method of re-using the process chamber for waste con-
tainment is also described.

1
15 s
12 Z/ 10
o MK X 16
14 x —
22
20
ﬂ D"q
|24
40

FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 072 132 A1 2

Description
FIELD OF THE INVENTION:

[0001] Theinventionrelatestoareactorsystem,inpar-
ticular to a closed reactor system, more in particular to a
closed reactor system capable of carrying out a biochem-
ical reaction.

BACKGROUND OF THE INVENTION:

[0002] For detection of specific bacteria in a fluid sam-
ple, a detection method is known based on DNA/RNA
amplification process. In this method, the detection is
done by performing a number of process steps on differ-
ent equipments, for example a Biorobot for lysis, wash-
ing, mixing and elution, a PCR Cycler for DNA/RNA am-
plification, and an appropriate optical or electro-magnetic
system for detection and identification of the specific am-
plified DNA/RNA. The fluid samples are handled manu-
ally from machine to machine and the detection results
are obtained after about 6 hours. Anintegrated diagnostic
device is one in which at least some and preferably all
of the above process steps are performed inside a single
reactor system without any manual interference. This
gives the results sooner and renders the device user-
friendly. This device avoids the risk of cross-contamina-
tion because all processes are done in a closed reactor
system.

[0003] In aclosed reactor system all the fluid samples
and reagents should be integrated within the reactor sys-
tem along with a waste liquid generated during the course
of lysis, washing mixing, elution and other processes.
The waste liquid has to be contained in the reactor system
in order to prevent an external dispersion.

[0004] US 7217542 discloses a system, including
methods and apparatus, for micro-fluidic analysis of a
nucleic acid target in a nucleic acid mixture. In an em-
bodiment of this invention, a cartridge is disclosed that
includes internal chambers for carrying out various func-
tions. Internal chambers include two waste chambers
designated A and B. Waste chambers receive fluids from
reagent reservoirs and from sample input. Internal cham-
bers may include a sample chamber. Such a cartridge
with many chambers may not be compact and may need
more material for construction.

[0005] It is therefore advantageous to have a reactor
system that is compact and occupies less space.

SUMMARY OF THE INVENTION:

[0006] According to a first aspect of the invention, a
reactor system, configured for carrying out a reaction,
comprises at least one process chamber and atleast one
device, wherein the process chamber is connected to the
device via a first channel and via a second channel,
wherein the process chamber is configured for carrying
out a reaction forming a product and a waste liquid, and
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wherein the device is configured to receive the product
and waste liquid via the first channel and is configured
to return the waste liquid to the process chamber via the
second channel.

[0007] The basis of a reactor system, especially of a
closed reactor system, is that not only the reactants
should be integrated within the reactor system, but also
the used fluids also called as waste liquid should be kept
inside the reactor system to prevent cross contamination.
The process chamber(s) is reused for waste liquid con-
tainment after an initial use of carrying out one or more
process steps. This ensures that either less or no addi-
tional space is needed for the containment of the waste
liquid. This results in smaller outer dimensions of the re-
actor system. The small size of the reactor system saves
raw materials used for the production as well as the space
needed per reactor system within a logistics system. The
smaller the reactor system, the more of them go into a
package, which will result in less cost for storage and
transportation.

[0008] According to an embodiment of the invention,
the reactor system further comprises a plurality of rea-
gentreservoirs, wherein the reagent reservoirs are in flu-
id communication with the process chamber. The reagent
reservoirs dispense the reagents when required to the
process chamber.

[0009] According to a preferred embodiment of the in-
vention, the reaction carried out is a chemical reaction,
more preferably a biochemical reaction.

[0010] Inanother embodiment, the invention relates to
a biochemical reaction which is an isolation of DNA from
a fluid sample. Since the discovery of DNA, the technol-
ogy relating to the detection of the presence, absence or
amount of specific DNA or RNA sequences in a sample
has taken an enormous flight. Especially PCR, the
Polymerase Chain Reaction, has contributed enormous-
ly to the development of assays of all types for the de-
tection of the presence or absence of DNA or RNA se-
quences. At present, it is possible to collect DNA con-
taining samples from an organism and determine the
presence, absence or amount therein of certain specific
DNA sequences (target sequences). Technology is avail-
able to perform such analysis for multiple target sequenc-
es at the same time, so-called multiplex detection of tar-
get sequences to thereby increase throughput.

[0011] According to a still further embodiment of the
invention, the fist process chamber is loaded with the
fluid sample via a sample port.

[0012] According to yet another embodiment of the in-
vention, the reagents comprise lysing reagents for lysing
the fluid sample and wash solutions for washing the prod-
uct formed. The lysing reagents may include, for exam-
ple, a chaotropic agent, a buffer of high or low ionic
strength, one or more ionic or nonionic detergents, an
organic solvent and/or the like. The wash solutions may
of suitable pH, buffering capacity, ionic strength and sol-
vent composition.

[0013] According to another embodiment of the inven-
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tion, the device is a splitter, wherein the splitter splits the
product and the waste liquid into two different streams.
The stream containing the product is sent for further
processing whereas the stream containing the waste lig-
uid is sent back to the process chamber.

[0014] According to a preferred embodiment of the in-
vention the reactor system is a part of a diagnostic sys-
tem. The isolated DNA is amplified and detected using
the diagnostic system.

[0015] According to a second aspect of the invention,
a method of re-using a process chamber of a reactor
system is provided, wherein the reactor system is con-
figured for carrying out a reaction, wherein the reactor
system is provided with at least one process chamber
and a device, wherein the process chamber and the de-
vice are connected via a first channel and via a second
channel, and wherein the method comprises the steps of:

a. carrying out a reaction in the first process cham-
ber;

b. transporting a product and a waste liquid of the
reaction from the process chamber to the device via
the first channel till the process chamber is empty,
c. splitting the product and the waste liquid into two
different streams; and

d. sending the waste liquid from the device to the
process chamber via the second channel to the emp-
ty process chamber.

[0016] According to another embodiment of the inven-
tion, a reactor system configured for carrying out a reac-
tion comprises:

a. a first process chamber and a second process
chamber, wherein the first process chamber and the
second process chamber are connected via a first
channel and via a second channel, and wherein the
first process chamber is configured to carry out a
reaction to form a product and a waste liquid ;

b. reagent introduction channels, wherein the rea-
gent introduction channels are in fluid communica-
tion with the first process chamber and the second
process chamber;

c. a fluidic interface in fluid communication with the
reagent introduction channel for sampling a plurality
of reagents from a plurality of sources of reagents
and introducing the reagents into the reagent intro-
duction channel from the sources of the reagents;
and

d. a device configured to receive a mixture of a prod-
uct and a waste liquid from the first process chamber
via the second channel, wherein the filter is config-
ured to send the waste liquid to the second process
chamber via the second channel.

[0017] The reactor system preferably comprises only
the process chambers. Although it is possible to re-use
at least one process chambers and include waste cham-
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bers for additional waste, the device preferably does not
contain any additional waste chambers. This makes the
reactor system compact. The second channel provided
between the first process chamber and the second proc-
ess chamber enables a two-way flushing from one cham-
ber to the other allowing the process chamber to act as
a waste chamber. The reaction is carried out in the first
process chamber. The product and the waste liquid are
sent to the device. The product is retained in the device
and the waste liquid is sent to the second process cham-
ber leaving the first process chamber completely empty
which further can be used for containing waste liquid.
[0018] Inanother embodiment, the invention relates to
a reaction which is a chemical reaction and more prefer-
ably a biochemical reaction.

[0019] According to yet another embodiment of the in-
vention, the first process chamber is loaded with the fluid
sample via a sample port.

[0020] According to a further embodiment, the inven-
tion relates to a method of re-using a first process cham-
ber and a second process chamber of a reactor system,
wherein the reactor system is configured for carrying out
a reaction, wherein the first process chamber and the
second process chamber are connected via a first chan-
nel and via a second channel, and wherein the method
comprises the steps of:

a. mixing reactants and reagents of the reaction by
pumping back and forth from the first process cham-
ber and the second process chamber;

b. carrying out a reaction in the first process cham-
ber;

c. transporting a product of the reaction to a device,
wherein the device is configured to receive a mixture
of the product and the waste liquid from the first proc-
ess chamber via the second channel, and wherein
the device is configured to send the waste liquid to
the second process chamber via the second chan-
nel, leading to transport of the waste liquid to process
chamber.

According to a preferred embodiment the above-men-
tioned method is followed by the steps of:

a. transporting the waste liquid from the second proc-
ess chamber to the first process chamber via the first
channel till the second process chamber is empty.
b. washing the product in the device with wash so-
lution;

c. collecting the washed liquid in the empty second
process chamber via the second channel.

[0021] This method ensures that the two process
chambers are effectively used to handle the waste liquid
as well as the washed liquid without requiring any addi-
tional waste chambers. This feature reduces the size of
the reactor system and makes it compact. This saves
raw materials needed for production of the reactor sys-
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tem and minimizes space needed per reactor system
within a logistics system.

BRIEF DESCRIPTION OF THE FIGURES:

[0022] These and other characteristics, features and
advantages of the present invention will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawings, which illus-
trate, by way of example, the principles of the invention.
This description is given for the sake of example only,
without limiting the scope of the invention. The reference
figures quoted below refer to the attached drawings.

Fig.1 shows a schematic representation of a reactor
system;

Fig.2 shows a reactor system, wherein a product of
reaction along with a waste liquid being transported
to a device via a first channel;

Fig.3 shows the reactor system of Fig.2, wherein the
waste liquid along with washed liquid being sent back
to the process chamber via a second channel;
Fig.4 shows a schematic representation of a reactor
system with more than one process chamber;

Fig.5 shows a reactor system, wherein a process
chamber is being fed with a fluid sample and with
reagents and contents being mixed by pumping them
back and forth from a first process chamber and a
second process chamber;

Fig.6 shows the reactor system of Fig.5, wherein an-
other reagent being added to the first process cham-
ber;

Fig.7 shows the reactor system of Fig.6, wherein the
contents are being transferred to the first process
chamber leaving the second process chamber emp-
ty;

Fig.8 shows the reactor system of Fig.7, wherein the
contents are being moved from the first process
chamber via a device to the second process cham-
ber;

Fig.9 shows the reactor system of Fig.8, wherein the
first process chamber is empty, a product is isolated
and the second process chamber is filled with a
waste liquid;

Fig.10 shows the reactor system of Fig.9, wherein
the waste liquid is moved to the first process chamber
rendering the second process chamber empty;
Fig.11 shows the reactor system of Fig.10, wherein
the isolated product is being washed with a wash
solution and the washed liquid is being collected in
the second process chamber;

Fig.12 shows the reactor system of Fig.11, wherein
thefirst process chamber is filled with the waste liquid
and the second process chamber is filled with the
washed liquid.
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DETAILED DESCRIPTION OF THE INVENTION:

[0023] Particular and preferred aspects of the inven-
tion are set out in the accompanying independent and
dependent claims. Features from the dependent claims
may be combined with features of the independent claims
and with features of other dependent claims as appro-
priate and not merely as explicitly set out in the claims.
[0024] The presentinvention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. Any reference signs in the claims
shall not be construed as limiting the scope. The drawings
described are only schematic and are non-limiting. In the
drawings, the size of some of the elements may be ex-
aggerated and not drawn on scale for illustrative purpos-
es. Where the term "comprising" is used in the present
description and claims, it does not exclude other ele-
ments or steps. Where an indefinite or definite article is
used when referring to a singular noun e.g. "a" or "an",
"the", this includes a plural of that noun unless something
else is specifically stated.

[0025] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
It is to be understood that the terms so used are inter-
changeable under appropriate circumstances and that
the embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein.

[0026] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. Itis to be understood that the terms
so used are interchangeable under appropriate circum-
stances and that the embodiments of the invention de-
scribed herein are capable of operation in other orienta-
tions than described or illustrated herein.

[0027] A'"reaction"inthe contextof invention may refer
to an interaction between elements to form a new sub-
stance, a physical change in state of a substance, an
extraction/isolation of DNA out of a fluid sample, an am-
plification reaction or a chemical reaction.

[0028] A "reactor system" is an apparatus or compo-
nent of an apparatus having micro-fluidic reaction cham-
bers. Typically, at least one reaction chamber will have
at least one cross-sectional dimension between about
0.1 wm and about 500 pm.

[0029] A'process chamber"is achamber (in any form,
including a closed channel, a capillary, a trench, groove
or the like) on or in a micro-fluidic substrate (a chip, bed,
wafer, laminate, or the like having micro-fluidic channels)
in which two or more components are mixed. The cham-
ber will have at least one region with a cross sectional
dimension of between about 0.1 wm and about 500 pm.
The chamber will have a volume of around 2000 p.l.
[0030] A "channel"is a channel (in any form, including
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a closed channel, a capillary, a trench, groove or the like)
on or in a micro-fluidic substrate (a chip, bed, wafer, lam-
inate, or the like having micro-fluidic channels) through
which components are transported (typically suspended
or dissolved in a fluid). The channel will have at least one
region with a cross sectional dimension of between about
0.1 pm and about 500 pm.

[0031] Waste liquid is any fluid component, complex,
aggregate or particulate that does not correspond to the
DNA of interest. Further, waste liquid may include cell or
viral debris, unbroken cells or virus particles, cell mem-
branes, cytoplasmic components, soluble non-DNA ma-
terials, insoluble non-DNA materials, nucleic acids that
are not of interest, and/or the like. Waste material also
may be a fluid, removal of which concentrates the DNA.
[0032] Washed liquid is that liquid generated after
washing a product of a reaction with wash solution.
[0033] Note that the terms first process chamber and
second process chamber do not relate to specific func-
tions, but merely as ordinal numbers to discern the two.
The names may be interchanged, as may the functions.
[0034] As shown in Figures 1-3, the reactor system 1
includes a process chamber 20 and a device 40. The
process chamber 20 and the device 40are connected to
each other via afirst channel 22 and via a second channel
24. Valves 15 are represented by solid bowties (closed)
or by unfilled bowties (open). Reagent reservoirs 12, 14
and 16 and 42 (only few reagent reservoirs out of a plu-
rality of reagent reservoirs are shown) are pre-loaded
with reagents. A fluid sample is introduced into the proc-
ess chamber 20 via a sampling port 10. The sampling
port 10 has been indicated only very diagrammatically
as akind ofintroduction channel. In principle, any desired
introduction device known in the state of the art may be
provided. The sampling port 10 may be closeable by
means of a valve. Note that, when the valve is closed,
the reactor system 1 comprises a completely closed sys-
tem. This greatly reduces the risk of contamination.
[0035] The fluid sample from the sampling port 10 and
the reagents from the reagent reservoirs 12, 14 and 16
areintroduced into the process chamber 20. The required
conditions are provided in the process chamber 20 and
the reaction takes place. As illustrated in Fig.2, the prod-
uct of the reaction along with the waste liquid is trans-
ported to the device 40 via the first channel 22. This
leaves the process chamber 20 empty. The device 40 is
a splitter or a similar kind of device which is capable of
splitting the product and the waste liquid into two different
streams.

[0036] The waste liquid is returned to the process
chamber 20 via the second channel 24 thus re-using the
process chamber as a waste chamber. The product is
washed with wash solution that is contained in the res-
ervoir 42. The washed liquid is also collected in the proc-
ess chamber 20 viathe second channel. Thisisillustrated
in Fig.3.

[0037] The reactor system 100 shown in Figures 4 -12
includes a first process chamber 120 and a second proc-
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ess chamber 130. The first process chamber 120 and
the second process chamber 130 are connected to each
other via a first channel 132 and via a second channel
122. Valves 105 are represented by solid bowties
(closed) or by unfilled bowties (open). Reagentreservoirs
112, 114 and 116 and 142 (only few reagent reservoirs
out of a plurality of reagent reservoirs are shown) are
pre-loaded with reagents. The reactor system 100 is pro-
vided with a device 140 which is coupled to the first proc-
ess chamber 120 and the second process chamber 130
via the second channel 122. A fluid sample is introduced
into the first process chamber 120 via a sampling port
110. The sampling port 110 has been indicated only very
diagrammatically as a kind of introduction channel. In
principle, any desired introduction device known in the
state of the art may be provided. The sampling port 110
may be closeable by means of a valve. Note that, when
the valve is closed, the reactor system 1 comprises a
completely closed system.

[0038] AsshowninFig.5, thefluid sampleisintroduced
into the first process chamber 120 via the sampling port
110. In the first process chamber 120, the fluid sample
is mixed with reagent 1 and reagent 2 from reagent res-
ervoirs 112 and 114. This mixing is further enhanced by
pumping it back and forth to the second process chamber
130. The pre-loaded reagent reservoirs may carry the
lysing reagents for lysing the fluid sample and wash so-
lution for washing the product formed. The lysing rea-
gents may include, for example, a chaotropic agent, a
buffer of high or low ionic strength, one or more ionic or
nonionic detergents, an organic solvent and/or the like.
The wash solution may of suitable pH, buffering capacity,
ionic strength, solvent composition etc.

[0039] The fluid sample is heated in the first process
chamber 120 and mixed with reagent 3 from the reagent
reservoir 116 as is shown in Fig. 6. Again the fluid sample
along with the reagent 3 is pumped back and forth to the
second process chamber 130 for ensuring a thorough
mixing.

[0040] Later, as shown in Fig.7, the mixture of fluid
sample and reagents is transferred to the first process
chamber 120 ensuring that the first process chamber 120
is completely filled and the second process chamber 130
is fully empty.

[0041] Then the fluid sample is flushed through the de-
vice 140 according to the Figures 8 and 9. The device
140 is a filter or such kind of a device which can isolate
the product. In case of a biochemical reaction, the device
140 is afilter which filters the DNA out of the fluid sample.
The filter 140 mechanically retains cells, particles, debris
and/or the like. The filter removes particles that might
interfere with further processing steps. The waste liquid
afterisolation of DNAis sent to the second process cham-
ber 130, but via the second channel 122. This is control-
led by the valves 105. The valves are electrically activat-
ed or mechanically operated by electrically activated
valve actuators. This step is continued till the first process
chamber 120 is empty. The waste liquid is collected in
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the second process chamber 130.

[0042] The next step as shown in Fig.10 is to pump
the waste liquid, which is no longer needed for the proc-
ess, back to the first process chamber 120, where it is
kept for waste containment. This results in a completely
filled first process chamber 120 and an empty second
process chamber 130.

[0043] The product of the reaction, which may be iso-
lated DNA, is washed with the wash solution contained
inthereservoir 142 as shownin Fig.11. The wash solution
is stored in the reagent reservoir 142, which is integrated
in the reactor system 100. The fluids are sequentially
flushed through the filter 140 for washing the product.
The product is sent for further detection or for further
processing. The second process chamber 130 is then
used for the containment of the washed liquid. The
washed liquid is directed by the valves 105 to the second
process chamber 130, where the washed liquid is kept
for the waste containment.

[0044] The reactor system 100 as shown in Fig.12 has
the first process chamber 120 filled with the waste liquid
and has the second process chamber 130 filled with the
washed liquid. The waste generated during the course
of the reaction is contained within the process chambers
120 and 130, thus re-using them after being used for
carrying out a reaction, for mixing the contents of the
reaction or for any other process.

[0045] This flow strategy can be extended with more
fluid samples or other process flows, depending on the
needed bio chemical sequence or other requirements.
Also more process chambers can be used in the above
described way by adding additional pathways from one
process chamber to the other process chambers, so that
the fluids can be flushed in two ways.

[0046] The reactor system is not limited to the field of
molecular diagnostics. In all systems, where closed flu-
idic reactor systems are used and there is a need for
waste containment within the reactor system, this inven-
tion can be used.

[0047] It is to be understood that although preferred
embodiments, specific constructions and configurations
have been discussed herein according to the present in-
vention, various changes or modifications in form and
detail may be made without departing from the scope
and spirit of this invention.

Claims

1. A reactor system (1) configured for carrying out a
reaction, wherein the reactor system (1) comprises
at least one process chamber (20) and at least one
device (40), wherein the process chamber (20) is
connected to the device via a first channel (22) and
via a second channel (24), wherein the process
chamber (20) is configured for carrying out a reaction
forming a product and a waste liquid, and wherein
the device (40) is configured to receive the product
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and the waste liquid via the first channel (22) and is
configured to return the waste liquid to the process
chamber (20) via the second channel (24).

2. Thereactorsystem (1) ofclaim 1, wherein the reactor

system further comprises a plurality of reagent res-
ervoirs (12, 14, 16, 42), wherein the reagent reser-
voirs are in fluid communication with the process
chamber (20).

3. The reactor system (1) of claim 1, wherein the reac-

tion carried out is a chemical reaction, more prefer-
ably a biochemical reaction.

4. The reactor system (1) of claim 3, wherein the bio-

chemical reaction is an isolation of DNA from a fluid
sample.

5. The reactor system (1) of claim 1, wherein the fist

process chamber (20) is loaded with the fluid sample
via a sample port (10).

6. The reactor system (1) of claim 1, wherein the rea-

gents comprise lysing reagents for lysing the fluid
sample and wash solution for washing the product
formed.

7. Thereactor system (1) of claim 1, wherein the device

(40) is a splitter, wherein the splitter splits the product
and the waste liquid into two different streams.

8. Adiagnostic system comprising a reactor system (1)

of claim 1.

9. A method of re-using a process chamber (20) of a

reactor system (1), wherein the reactor system (1)
is configured for carrying out a reaction, wherein the
reactor system (1) is provided with at least one proc-
ess chamber (20) and a device (40), wherein the
process chamber (20) and the device (40) are con-
nected via afirst channel (22) and via a second chan-
nel (24), and wherein the method comprises the
steps of:

a. carrying out a reaction in the first process
chamber (20);

b. transporting a product and a waste liquid of
the reaction from the process chamber (20) to
the device (40) via the first channel (22) till the
process chamber (20) is empty,

c. splitting the product and the waste liquid into
two different streams; and

d. sending the waste liquid from the device (40)
to the process chamber (20) via the second
channel (24) tothe empty process chamber (20).

10. A reactor system (100) configured for carrying out a
reaction, wherein the reactor system (100) compris-
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es!

a first process chamber (120) and a second
process chamber (130), wherein the first proc-
ess chamber (120) and the second process
chamber (130) are connected via a first channel
(132) and via a second channel (122), and
wherein the first process chamber (120) is con-
figured to carry out a reaction to form a product
and a waste liquid ;

a plurality of reagent reservoirs
(112,114,116,142), wherein the reagent reser-
voirs are in fluid communication with the first
process chamber (120) and the second process
chamber (130); and

a device (140) configured to receive a mixture
of aproduct and a waste liquid from the first proc-
ess chamber (120) via the second channel
(122), wherein the device (140) is configured to
send only the waste liquid to the second process
chamber (130) via the second channel (122).

The reactor system (100) of claim 10, wherein the
reaction carried outis achemical reaction, more pref-
erably a biochemical reaction.

The reactor system (100) of claim 10, wherein the
fist process chamber (120) is loaded with the fluid
sample via a sample port (110).

A method of re-using a first process chamber of a
reactor system (100), wherein the reactor system
(100) is configured for carrying out a reaction, where-
in a first process chamber (120) and a second proc-
ess chamber (130) are connected via a first channel
(132) and via a second channel (122), and wherein
the method comprises the steps of:

a. mixing reactants and reagents of the reaction
by pumping back and forth from the first process
chamber (120) and the second process cham-
ber (130);

b. carrying out a reaction in the first process
chamber (120);

c. transporting a product of the reaction to a de-
vice (140), wherein the device is configured to
receive a mixture of the product and the waste
liquid from the first process chamber (120) via
the second channel (122), and wherein the de-
vice (140) is configured to send the waste liquid
to the second process chamber (130) via the
second channel (122), leading to transport of
the waste liquid to process chamber (130).

14. A method according to claim 13 further comprising

the steps of :

a. transporting the waste liquid from the second
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12

process chamber (130) to the first process
chamber (120) via the first channel (132) till the
second process chamber (130) is essentially
empty.

b. washing the product in the device (140) with
wash solution contained the reagent reservoir
(142);

c. collecting the washed liquid in the second
process chamber (130) via the second channel
(122).
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