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(57)  The invention relates to a mixing unit (1) for

mixing two or more fluids, in particular fluids containing
shear sensitive biological material, the mixing unit com-
prising: a first inlet (4) for receiving an inlet stream, the
inlet stream comprising a first fluid and a second fluid; a
channel structure in fluid communication with the inlet,
the channel structure comprising: a first branching (10)
for splitting the inlet stream into a first (12-1) and a second
(12-2) primary branch streams; a first (14-1) and a sec-
ond (14-2) primary channel, each configured for piping of
one of respective primary branch streams, a first collect-
ing reservoir (18) for recombining the primary branch
streams; wherein the first and second primary channels
fluidly connect the first branching with the first collecting
reservoir.
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Description

[0001] The presentdisclosure relates to a mixing unit, a
mixing system comprising two or more mixing units, a
method for mixing two or more fluids and a lysis system.
[0002] Plasmid DNA (pDNA)represents a critical start-
ing point for many genetic engineering pursuits, including
the development of recombinant proteins, viral vectors,
and advanced biotherapeutics. Plasmid-DNA (pDNA) is
used as vaccines, gene therapy vectors or precursors for
the production of therapeutic viral vectors and mRNA
vaccines. Continued progress in gene therapy and
DNA/RNA-based therapeutics has led to a growing de-
mand for reliable pDNA production processes suitable for
clinical applications.

[0003] Isolation of target pDNA requires removal of
bacterial host-cell contaminants, including DNA, RNA,
and host cell proteins (HCPs). Methods of isolation in-
volve a (bacterial) cell lysis step in the presence of strong
base (alkaline lysis), neutralization and precipitation to
recover the extra-chromosomal sequence(s) in solution
from precipitated host-cell contaminants. However, vis-
cous solutions, accompanying lysis process, may cause
local heterogeneities or require extensive mixing causing
shear stress and degradation of pDNA. The problem
increases with the volume/mass of cells, treated with a
lysis solution.

[0004] Accordingly, there is a need for mixing methods
and mixing devices particularly suitable for efficient mix-
ing of feed streams comprising shear sensitive material
and/or of different viscosities, as, e.g., encountered in
pDNA isolation. The mixing method should be easily
scaled-up and/or scaled-down, enabling the mixing of
liquids in volume range from 0.1 up to 1000 L scale.
[0005] The most critical unit operation in large-scale
pDNA lysis is the neutralisation reaction, where highly
viscous and highly alkaline cellular lysate containing
degraded cell components, including the product of inter-
est, needs to be efficiently neutralized with minimal shear.
The product of interest is sensitive to rapid degradation
because the cell wall does not secure it. Most of the
patents described above deal with improvements in this
step.

[0006] The goal of efficient neutralization is to stop the
alkaline lysis step, which is necessary to release the
product of interest from the cytoplasm, at the point of
maximum release and minimal degradation. This is gen-
erally achieved with efficient mixing systems, enabling
mixing of solutions with large density differences, e.g.
resuspended cell paste diluted in strong base, and low-
pH buffer, under low shear and high speed of mixing.
Literature describes the use of different liquid mixers
including, but not limited to, in combination with gas.
[0007] Itis therefore an object of the present invention
to provide a mixing unit, a mixing system, a method for
mixing and a lysis system for efficiently mixing compo-
nents of a feed stream with low shear, in particular
components having different viscosities.
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Summary of the Invention

[0008] A first aspect of the present invention relates to
a mixing unit for mixing two or more fluids, in particular
fluids containing shear sensitive biological material, the
mixing unit comprising: a first inlet for receiving an inlet
stream, the inlet stream comprising a first fluid and a
second fluid; a channel structure in fluid communication
with the inlet, the channel structure comprising: a first
branching for splitting the inlet stream into a first and a
second primary branch streams (firstand second primary
flow paths); a first and a second primary channel, each
configured for piping of one of respective primary branch
streams, a first collecting reservoir for recombining the
primary branch streams; wherein the first and second
primary channels fluidly connect the first branching with
the first collecting reservoir.

[0009] When the first fluid and the second fluid are
combined, i.e., brought together, they are (often) not
immediately forming a completely mixed, homogeneous
fluid. Thus, the first inlet is configured to receive the inlet
stream that comprises the inlet fluid which basically
constitutes an incomplete/inhomogeneous mixture of
the firstand second fluid. In a mixing unit of the invention,
the first branching is configured to split and/or divide the
stream and/or the components of that inlet stream re-
ceived through the first inlet into two or more separate
branch streams. The branch streams may be considered
as separate flow paths of the stream flowing through the
mixing unit before they are recombined. The length of
such a separate flow path (e.g., the shortest connection
between the corresponding branching and the corre-
sponding collecting reservoir) may be larger than the
width of that flow path (e.g., at its narrowest point).
[0010] The separation of the fluid into at least two
separate flow paths (e.g., the primary flow paths) may
not yet achieve a full homogeneity in the mixture. Mixing
is particularly achieved by splitting and/or dividing the
inlet stream into at least two primary branch streams ata
first branching together with recombining and/or reunit-
ing the at least two primary branch streams in the first
collecting reservoir.

[0011] At an outlet stage of the channels, the branch
streams enter the first collecting reservoir and are re-
united. Preferably, the position and/or orientation of the
channels at the collecting reservoir cause collision of the
branch streams, thereby improve mixing of the branch
streams.

[0012] A respective mixing unit is advantageous for
efficiently mixing the components of the inlet stream with
low shear, in particular components and/or fluids of the
inlet stream having different viscosities. Exemplary visc-
osities of the components and/or fluids of the inlet stream
may be between approximately 1 and approximately 100
mPas.

[0013] The mixing unit may be configured to cause one
or more collision(s) of parts of the inlet stream ator in one
or more collecting reservoirs under an applied flow rate,
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leading to very efficient mixing of the components of the
inlet stream, in particular if said components have differ-
ent and/or comparatively high viscosities.

[0014] The mixing unit may cause turbulent mixing in
one or more sections of the channel structure, in parti-
cularin a mixing zone, which may correspond to a section
of a collecting reservoir where the first branch stream and
the second branch stream are reunited and/or collide with
one another. Said mixing zone may comprise a section of
a collecting reservoir with the smallest diameter and/or
cross-section orthogonal to the flow direction of the
stream.

[0015] Shear sensitive biological material may particu-
larly comprise one or more of: active ingredient derived
from cells such as pDNA, RNA, proteins, viruses, virus-
like particles, extracellular vesicles (eVs) and/or their
components.

[0016] Asanexample, in particular for pPDNA isolation,
the first fluid may comprise lysed cells containing DNA
and/or other host cell contaminants (cell debris) as a first
ingredient and a second ingredient comprising or being a
lysis buffer (e.g., containing sodium hydroxide and/or
sodium dodecyl sulphate) forming a basic (alkaline) en-
vironment.

[0017] Asanexample, in particular for pDNA isolation,
the second fluid may comprise or be a neutralization
agent and/or a neutralization buffer such as potassium
acetate (K-acetate).

[0018] The inlet stream may comprise a further com-
ponent, in particular a gaseous fluid such as gas, e.g., air
and/or carbon dioxide. Bubbles of gas, in particular air,
may enable more efficient mixing between the first fluid
and the second fluid of the inlet stream.

[0019] The channel structure may be configured to
pipe the inlet stream and/or mix the first fluid and the
second fluid. The fluids being piped by the channel
structure and originating from the inlet stream are de-
scribed as stream in the following.

[0020] The mixing unit provides an advantageous low
shear mixing geometry, which achieves rapid and mild
mixing between the components of the inlet stream.
[0021] The channel structure may further comprise: a
second branching for splitting the stream in the first
collecting reservoir into a first and a second secondary
branch streams; a first and a second secondary channel,
each configured for piping of one of respective secondary
branch streams; a second collecting reservoir for recom-
bining the secondary branch streams; wherein the first
and second secondary channels fluidly connect the sec-
ond branching with the second collecting reservoir.
[0022] A respective mixing provides an improved mix-
ing result due to the additional splitting and recombining
of the stream.

[0023] The primary channels and the secondary chan-
nels may be arranged in a common plane. This way, a
compact mixing unit body in combination with efficient
mixing may be obtained. Alternatively or in addition, the
distance the stream flows within the mixing unit may be
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reduced to decrease residence time, thereby improving
throughput performance. A respective positioning avoids
additional bends and/or curves which would cause un-
desired shear forces to the components of the stream.
[0024] The first branching, the first collecting reservoir,
the second branching and the second collecting reservoir
may be positioned on a common axis. The common axis
may be substantially identical or parallel to longitudinal
axis of the mixing unit. A respective positioning avoids
additional and/or unnecessary bends and/or curves
causing shear forces acting on the components of the
stream. Thus, a respective positioning may improve low
shear piping of the stream and/or mixing of the compo-
nents of the stream.

[0025] The first inlet and the outlet of the mixing unit
may be positioned on said common axis.

[0026] The mixing unit may improve mixing efficiency
through an increased number of collision and/or recom-
bination points of the stream. The channel structure may
be configured to split and recombine the stream multiple
times, e.g., two, three, four, five, six or more times. A
higher number of splitting and recombining may improve
the obtained mixing result.

[0027] In particular, the channel structure may further
comprise a third branching for splitting the stream in the
second collecting reservoir into a first and a second
tertiary branch streams; a first and a second tertiary
channel, each configured for piping of one of respective
third branch streams; a third collecting reservoir for re-
combining the tertiary branch streams; wherein the first
and second tertiary channels fluidly connect the third
branching with the third collecting reservoir.

[0028] The properties described with respect to the
primary and/or secondary channels may be accordingly
directed to the tertiary, quaternary, quinary, senary, ...
channels. The same applies with respect to the first
and/or second branching(s) and/or the first and/or sec-
ond collecting reservoir(s).

[0029] The mixing unit may be configured to: achieve
low shear mixing of the components of the inlet stream;
and/or mix the components of the inlet stream at a low
Reynolds number, preferably at a Reynolds number be-
tween approximately 6000 and approximately 70000, in
particular between approximately 10000 and 30000. Low
shear mixing and/or mixing at a low Reynolds number
avoids or at least reduces degradation of the biological
material of interest and, therefore, improves process
performance.

[0030] The mixing unit is preferably configured to mix
the components of the (inlet) stream at the above-stated
Reynolds numbers with one or more of the process
characteristics and/or properties of the mixing method
according to a fourth aspect of the present invention
specified further below.

[0031] The volumes of the first and second primary
channels are substantially identical; and/or wherein the
volumes of the first and second secondary channels are
substantially identical. The stream may be split into sub-
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stantially identical parts and/or volumes by the first
branching. Accordingly, substantially equal mixing of all
branch streams may be achieved. Alternatively or in
addition, substantially identical residence time and/or
flow rate of the parts of the stream in the different chan-
nels may be obtained.

[0032] It is preferred that the flow resistance of all
primary channels and/or of all secondary channels an-
d/or of all tertiary channels are substantially identical so
that an equal distribution of the respective streams is
obtained.

[0033] Anentrance angle between the main flow direc-
tions of the branch streams at respective entrance sec-
tions of the first and second channels (primary and/or
secondary channel) at the associated branchings is sub-
stantially between approximately 40° and approximately
120°, preferably between approximately 70° and ap-
proximately 90°, and, preferably, is oriented symmetri-
cally with respect to a longitudinal axis of the mixing unit.
The entrance angle is more exemplary shown in and
described with reference to Fig. 2 of the application
further below.

[0034] The larger the entrance angle formed by the
entrance sections of neighbouring primary and/or sec-
ondary channels, the higher the shear forces acting on
the components of the stream are due to the splitting, in
particular caused by a high change in flow direction as
compared to the flow direction in the corresponding
collecting reservoir. The lower the entrance angle formed
by the entrance sections of the primary and/or secondary
channels, the smaller the shear forces acting on the
components of the stream are due to the splitting, in
particular caused by a low change in flow direction as
compared to the flow direction in the corresponding
collecting reservoir.

[0035] As an example, an angle of between approxi-
mately 70° and approximately 90°, e.g., approximately
80°, is appropriate for efficient mixing while ensuring an
appropriate flow rate and/or residence time in the mixing
unit, in particular for fluids having different viscosities.
[0036] One or more of the branchings may be formed
by a wall portion of the channel structure comprising a
substantially rounded shape oriented towards the mixing
zone and/or substantially against the flow direction of the
stream in the collecting reservoir at or directly after colli-
sion of the branch streams. This provides a decent com-
promise between improving mixing and decreasing
shear forces. Alternatively, one or more of the branchings
may be formed by protuberance of a wall portion of the
channel structure extending in a direction against the flow
direction of the stream in the collecting reservoir at or
directly after collision of the branch streams, optionally
with an apex positioned at a center and/or at or parallel to
a longitudinal axis of the mixing unit. This provides weak-
er mixing performance but significantly reduces shear
forces due to a relatively gently guiding and/or splitting of
the stream. Alternatively, one or more of the branchings
may be formed by a wall portion of the channel structure
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comprising a substantially flat shape oriented substan-
tially orthogonal with respect to the flow direction of the
stream in the collecting reservoir at or directly after colli-
sion of the branch streams. This provides high mixing
performance but with significantly high shear forces due
to a head-on collision of the stream.

[0037] Anexitangle between the main flow direction of
the branch stream at an exit section of the first and
second channels (primary and/or secondary) at the as-
sociated collecting reservoir is substantially between
approximately 40° and approximately 120°, preferably
between approximately 70° and approximately 90°, and,
optionally, is oriented symmetrically with respect to a
longitudinal axis of the mixing unit. The exit angle is more
exemplary shown in and described with reference to Fig.
2 of the application further below.

[0038] The larger the exit angle formed by the exit
sections of the primary and/or secondary channels, the
higher the shear forces acting on the components of the
fluids due to the higher relative velocity of the branch
streams prior to the collision, which causes improved
mixing but increases shear forces acting on the compo-
nents of the stream.

[0039] As an example, an angle of between approxi-
mately 70° and approximately 90°, e.g., approximately
80°, is advantageous for ensuring an efficient and low
shear mixing, in particular for fluids having different visc-
osities.

[0040] The entrance angle and the exitangle of the first
and second primary branch streams may be substantially
identical or different.

[0041] The primary and/or secondary channels may
comprise one or more sections having a substantially
circular and/or oval cross-sectional shape substantially
orthogonal to the flow direction of the respective branch
stream. In particular, it is preferred that substantially no
sharp edges are present in the channels, which would
cause increased shear forces acting on the components
of the (branch) stream. However, different shapes are
possible, such as substantially rectangular or substan-
tially kidney-shaped.

[0042] The channels may comprise a reduced dia-
meter portion with a reduced cross-section substantially
orthogonal to a flow direction of the stream compared to
an average cross-section of the respective channel. Pre-
ferably the reduced diameter portion is at a position
closer to the associated collecting reservoir than to the
associated branching and/or at or near an exit section of
the channel. The flow velocity of the branch stream may
be increased atand/orin the reduced diameter portion so
that collision at higher velocities is obtained for more
efficient mixing, in particular for fluids having higher
viscosities.

[0043] A ratio between the cross-section (e.g., cross
sectional area) of the reduced diameter portion and the
average cross-section of a channel may be between
approximately 1:1 to approximately 1:12, in particular
between approximately 1:3 to approximately 1:7.
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[0044] The first and second primary channels may be
substantially congruent, so that mixing properties of all
primary channels are substantially identical and that
higher homogeneity of the stream may be obtained.
Congruent may relate to substantially the same size
and/or substantially the same shape.

[0045] The first and second secondary channels may
be substantially congruent, so that mixing properties of all
secondary channels are substantially identical and that
higher homogeneity of the stream may be obtained.
[0046] All of the primary channels and/or all of the
secondary channels may be substantially congruent.
Specifically, if the first branching and the first collecting
reservoir are connected via multiple (separate) channels
(i.e., primary channels), such as three, four, five, or more,
they may be substantially congruent to each other. This
may also apply to multiple secondary channels with
respect to each other. Moreover, even the primary chan-
nels and the secondary channels may be substantially
congruent to each other.

[0047] However, it may be beneficial to adapt the sec-
ondary channels and/or further subsequent channels to
the mixing degree and/or degree of homogeneity of the
stream. For example, the secondary channels and/or the
tertiary channels may have a different shape and/or size
than the primary channels because the degree of mixing
in the stream flowing through the secondary channels
and/or the tertiary channels is higher than that of the
stream flowing through the primary channels. Accord-
ingly, efficient mixing may be obtained even with reducing
shear forces acting on the components of the stream at
collision(s) in the second and/or third collecting reservoir,
e.g., by reducing an exit angle and/or flow velocity of the
branch streams.

[0048] The inlet stream may be split into substantially
identical parts and/or volumes by the first branching.
Accordingly, substantial equal mixing of all branch
streams may be achieved.

[0049] The primary channels may be positioned sub-
stantially symmetrically with respect to a longitudinal axis
of the mixing unit; and/or the secondary channels may be
positioned substantially symmetrically with respect to a
longitudinal axis of the mixing unit. A respective position-
ing may avoid additional and/or unnecessary bends an-
d/or curves, which would cause undesired shear forces to
the components of the stream.

[0050] The mixing unit may further comprise a second
inlet provided at one of the collecting reservoirs for in-
troducing a third fluid into the respective collecting re-
Servoir.

[0051] In an example, in particular for pDNA isolation,
the third fluid may be or comprise a precipitation agent
such as CaCl2 to improve pDNA separation.

[0052] Preferably, the second inlet is provided at a
collecting reservoir having a substantially equal number
of preceding and subsequent branchings and/or collect-
ing reservoirs.

[0053] Accordingly, a substantial equal mixing of the
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components of the inlet stream prior to the second inlet
and of the stream with the added third fluid after the
second inlet may be achieved.

[0054] The mixing unit may be manufactured using 3D
printing technology. This allows a customized and/or
customizable design and/or one-piece manufacturing
of the mixing unit.

[0055] The mixing unit may be 3D printed from a bio-
compatible printing material, e.g., PA2200.

[0056] The mixing unit may comprise a coating includ-
ing inert polymer, e.g., Parylene C. In particular the
channel structure and/or inner surfaces coming into con-
tact with the fluids may be coated with an inert polymer.
[0057] Asecondaspectofthe presentinventionrelates
to a use of the mixing unit according to a first aspect for
substantially continuous processing of one or more of:
cell lysis, neutralization, clarification, nucleic acid purifi-
cation and concentration, wherein a more efficient pro-
cess may be obtained, in particular compared to batch
processing.

[0058] A third aspect of the presentinvention relates to
a mixing system for mixing two or more fluids, the mixing
system comprising: a first mixing unitaccording to the first
aspect; and a second mixing unit according to the first
aspect; wherein the first mixing unit and the second
mixing unit are fluidly connected in series wherein the
first inlet of the second mixing unit is fluidly connected to
an outlet of the first mixing unit.

[0059] The mixing system may be considered as mod-
ular mixing system, wherein two or more mixing units,
each comprising a separate and/or separable body, are
fluidly connected to one another so that the stream con-
secutively passes through each one of the mixing units.
[0060] Forexample, a mixing unitmay comprise three,
four, five or more mixing units.

[0061] One or more of the mixing units may be oriented
to achieve a bottom-up and/or bottom to top fluid flow
direction of the stream within the mixing unit. A bottom-up
fluid flow direction may increase mixing result, in parti-
cular at low flow rates of the stream.

[0062] One or more of the mixing units of a mixing
system may be positioned substantially along a common
axis. Alternatively or in addition, one or more of the mixing
units of a mixing system may be positioned substantially
parallel to one another.

[0063] Preferably, the mixing units have a common
orientation, e.g., with their respective first inlets at a
bottom position and their respective outlets at a top
position.

[0064] One or more mixing units may be oriented so
that their respective first inlet is lower than an outlet of a
preceding mixing unit, wherein a connection pipe and/or
tube leads from the outlet of the preceding mixing unit to
the first inlet of the subsequent mixing unit.

[0065] The mixing system may further comprise a con-
nection part for fluidly connecting the outlet of the first
mixing unit with the first inlet of the second mixing unit,
wherein the connection part comprises a second inlet for
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receiving a third fluid.

[0066] In an example, in particular for pDNA isolation,
the third fluid may be or comprise a precipitation agent
such as CaCl2 to improve pDNA separation.

[0067] The volume withinthe connection part may be at
least a part of the last collecting reservoir of preceding
first mixing unit.

[0068] A fourth aspect of the present invention relates
to a method of mixing two or more fluids, in particular
fluids containing shear sensitive biological material an-
d/or their components, the method comprising the steps
of: splitting an inlet stream comprising a first fluid and a
second fluid into a plurality of primary branch streams;
and recombining the plurality of primary branch streams
in a first collecting reservoir.

[0069] By splitting the stream into two or more branch
streams and by recombining and/or reuniting the two or
more branch streams, efficient low shear mixing of the
components of the stream may be obtained.

[0070] The method may further comprise the steps of:
splitting the stream in the first collecting reservoir into a
plurality of secondary branch streams; and recombining
the plurality of secondary branch streams in a second
collecting reservoir.

[0071] With additional splittings and recombinations,
the mixing of the components of the stream and/or homo-
geneity of the stream may be improved.

[0072] The method may further comprise splitting the
stream in the second collecting reservoir into a plurality of
tertiary branch streams and recombining the plurality of
tertiary branch streams in a third collecting reservoir.
[0073] The method may further comprise splitting the
stream in the third collecting reservoir into a plurality of
quaternary branch streams and recombining the plurality
of quaternary branch streams in a fourth collecting re-
servoir.

[0074] The method may further comprise splitting the
stream in the fourth collecting reservoir into a plurality of
quinary branch streams and recombining the plurality of
quinary branch streams in a fifth collecting reservoir.
[0075] The components of the inlet stream may be
mixed at low shear and/or the components of the inlet
stream may be mixed at a low Reynolds number, pre-
ferably at a Reynolds number between approximately
6000 and approximately 70000, in particular between
approximately 10000 and 30000.

[0076] A time of the stream between a first splitting and
a final recombining may be between approximately 0.1
seconds and approximately 30 seconds, preferably be-
tween approximately 1 seconds and approximately 15
seconds.

[0077] A flow rate of the stream may be between
approximately 50 mL/min and approximately 20 L/min,
preferably between approximately 150 mL/min and ap-
proximately 2000 mL/min.

[0078] An average flow velocity of the stream may be
between approximately 0.03 m/s to approximately 0.4
m/s, in particular in a region of the collecting reservoir
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where the branch streams are recombined and/or collide.
[0079] The average flow velocity of a branch stream
may be between approximately 0.03 m/s to approxi-
mately 0.4 m/s, in particular at a section of a channel
having the smallest cross-sectional area and/or at the
reduced diameter portion.

[0080] The method may include piping and/or directing
the stream and/or branch streams in correspondence to
what is described with respect to other aspects of the
present invention, in particular the first aspect of the
present invention.

[0081] The mixing unit according to the first aspect is
preferably configured to mix the components of the (inlet)
stream at the above-stated Reynolds numbers, in parti-
cular with one or more of the process characteristics
and/or properties laid out in the foregoing.

[0082] A fifth aspect of the present invention relates to
a lysis system for lysing cells containing double stranded
DNA, the lysing unit comprising: a mixing system accord-
ing to the second aspect of the present invention or a
mixing unit according to the first aspect of the present
invention having a second inlet for introducing a precipi-
tation agent to the mixed components of the inlet stream;
a mixing chamber for mixing of the first fluid of the inlet
stream comprising a lysis buffer and a fluid comprising
resuspended cells; an incubation tube fluidly connected
to an outlet of the mixing chamber for piping of the first
fluid of the inlet stream during lysis reaction of the cells;
and afirstjoint for joining the first fluid and the second fluid
of the inlet stream, wherein the first joint is fluidly con-
nected to the first inlet of the first mixing unit of the mixing
system respectively to the mixing unit.

[0083] The firstjoint may be provided for pre-mixing of
components of inlet stream before entering the mixing
first mixing unit.

[0084] The mixing chamber and the incubation tube
may be configured to hold and/or pipe the first fluid while
cell lysis occurs. The mixing chamber may comprise a
helical static mixer and/or the incubation tube may com-
prise a coil.

[0085] Preferably, the mixing chamber and/or the in-
cubation tube provide a bottom-up flow direction and/or a
flow rate of approximately 40 mL/min to approximately
400 mL/min A residence time of the ingredients of the first
fluid in the mixing chamber may be between approxi-
mately 1 to approximately 10 seconds, in particular be-
tween approximately 2 seconds to approximately 8 sec-
onds and/or a residence time of the ingredients of the first
fluid in the incubation tube may be between approxi-
mately 1 minute and approximately 15 minutes, in parti-
cular between approximately 3 minutes and approxi-
mately 10 minutes. The incubation tube may comprise
a volume of between approximately 500 mL and approxi-
mately 2000 mL, e.g., approximately 1000 mL, and/or
may have a tube diameter of between approximately 0.3
cmand approximately 1.5cm, e.g., approximately 0.6cm.
[0086] The lysis system may further comprise a third
inlet for introducing a fourth fluid, in particular gaseous
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fluid such as air to the first and second fluids of the inlet
stream.

[0087] This may enable more efficient mixing between
the first fluid and the second fluid of the inlet stream.
[0088] The lysing system may further comprise one or
more pumps for pumping a fluid and/or one or more
vessels for holding a fluid and/or one or more, preferably
contactless, flow pressure and/or flow rate sensors an-
d/or one or more pH control units and/or one or more
temperature control units. The allows an efficient imple-
mentation of the invention in (or its use in connection with)
filtration and chromatography, e.g. after the lysis in an
automated way using such a lysis system.

[0089] Asixth aspectofthe presentinvention relates to
amethod for lysing cells containing double stranded DNA
comprising the steps of: mixing a fluid stream comprising:
a first fluid comprising resuspended cells and a lysis
buffer; and a second fluid comprising a neutralization
buffer in a first mixing unit; adding an auxiliary fluid (that
may also be considered a third fluid herein) comprising a
precipitation agent to the mixed first fluid and second
fluid; and mixing of the first fluid, the second fluid and the
auxiliary (i.e. third) fluid in the first mixing unit or in a
second mixing unit.

[0090] Alternatively or additionally, the method may
further comprise introducing a mixing support fluid (that
may also be considered a fourth fluid herein), in particular
agaseous fluid such as air, to the first fluid and the second
fluid of the fluid stream, optionally, at a flow rate of
between approximately 0.5 L/min and approximately
10 L/min.

[0091] This may enable more efficient mixing between
and more homogenization of the first fluid and the second
fluid in the inlet stream. By introducing gas, higher yield
and higher purity of the product of interest may be ob-
tained. The mixing support fluid (even when considered
as "fourth" fluid herein) may be added before (i.e. at a
position upstream to) adding the auxiliary fluid (even
when considered as "third" fluid herein).

[0092] The lysis system according to the fifth aspect
and/or the method according to the sixth aspect are
particularly advantageous for substantially continuous
processing of cell lysis. Therefore, no need for harvesting
the obtained produce is required.

[0093] In particular, they provide advantages, in parti-
cular over batch lysis, including higher control (better
control over the lysis reaction) and consequently the
robustness of the lysis as well as easy scale-up and/or
the possibility of processing a biomolecule to the point
where it is no longer subject to rapid degradation. Also,
separate mixing steps may be performed timely conse-
cutively so that improved integrity and/or less degrada-
tion of target product may be obtained.

[0094] The present invention is further explained in
detail by the following detailed description and the ap-
pended drawings, in which particular embodiments are
illustrated by way of example, wherein the present in-
vention is in no way limited by these particular embodi-
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ments.

Brief description of the drawings

[0095]

Fig. 1 shows an exemplary mixing unit;

Fig. 2 shows a schematic of the channel structure
of the exemplary mixing unit of Fig. 1;

Fig. 3 shows a cross-sectional view of the exemp-
lary mixing unit of Fig. 1;

Fig. 4a-d  show cross-sectional views of the exemp-
lary mixing unit at the correspondingly la-
beled lines shown in Fig. 3;

Fig. 5 shows a simulation of an exemplary flow
pattern of a stream flowing through the
channel structure;

Fig. 6 shows a simulation of exemplary flow velo-
cities of a stream flowing through a part of
the channel structure;

Fig. 7 shows an exemplary lysis system;

Fig. 8 shows an exemplary mixing system com-
prising two exemplary mixing units

Fig. 9 shows another exemplary mixing unit.

Fig. 10 shows analytical HPLC chromatograms

(CIMac pDNA column) comparing product
quality and quantity of 4.7 kbp plasmid iso-
lated from E. coli using batch lysis (1g of E.
coli cell paste; full line) and in-line lysis (100
g E. coli cell paste; dashed line).

Description of particular embodiments

[0096] Fig. 1 shows an exemplary mixing unit 1 for
mixing two or more fluids of an inlet stream that enters via
a firstinlet 4.

[0097] The shown exemplary mixing unit 1 comprises
an elongated and/or relatively flat body 2, which houses a
channel structure for piping the inlet stream.

[0098] The mixing unit 1 comprises the first inlet 4,
which may be fluidly coupled to a pipe and/or a hose,
and/or which is configured to receive the inlet stream.
[0099] The inlet stream may comprises two or more
components, in particular at least a first fluid and a
second fluid, which may be pre-mixed in the inlet stream
and/or substantially simultaneously entering the mixing
unit 1 through the first inlet 4.

[0100] The mixing unit 1 comprises an outlet 6 through
which the stream at least partly originating from the inlet
stream exits the body 2 of the mixing unit 1, preferably ina
substantially mixed state and/or with a high degree of
mixing and/or homogeneity.

[0101] In the shown exemplary mixing unit 1, the first
inlet4 and the outlet 6 are substantially positioned along a
common axis, which is substantially identical or parallel
with a longitudinal axis 3 of the body 2 of the mixing unit 1.
This allows a compact size of the mixing unit 1 and/or a
small flow distance between the first inlet 4 and the outlet
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6.

[0102] Optionally, the body 2 of the mixing unit 1 may
comprise one or more openings and/or recesses, in
particular in order to reduce material and/or weight of
the mixing unit 1. The shown example comprises seven
substantially circular openings fully extending through
the body 2.

[0103] Fig 2 shows a schematic of the channel struc-
ture of the exemplary mixing unit 1 of Fig. 1.

[0104] The channel structure connects the first inlet 4
with the outlet 6 of the mixing unit 1. The channel structure
provides one or more flow paths for piping the inlet stream
5 received at the first inlet 4 towards the outlet 6.
[0105] The exemplary mixing unit 1 comprises a chan-
nel structure, which may divide and recombine the
stream multiple times, specifically three times.

[0106] Along the flow direction of the inlet stream 5, the
channel structure comprises a first branching 10, which is
configured to direct the inlet stream 5 into two primary
channels 14-1, 14-2. The first branching 10 is configured
to divide and/or split the inlet stream 5 into a first primary
branch stream 12-1 piped by a first primary channel 14-1
and into a second primary branch stream 12-2 piped by a
second primary channel 14-2.

[0107] Inthe shown example, the first primary channel
14-1 and the second primary channel 14-2 are arranged
substantially in a common plane and/or substantially
symmetrically, specifically relative to a longitudinal axis
3 of the body 2 of the mixing unit 1.

[0108] The channel structure may comprise further
primary channels dividing the inlet stream 5 into a corre-
sponding number of branch streams. In this case, the
primary channels may be substantially radially oriented
and/or arranged along respective planes intersectingina
common axis, in particular the longitudinal axis 3 of the
body 2 of the mixing unit 1. In other words, if the channel
structure comprises three or more primary channels, the
primary channels may be oriented radially and/or star-
shaped when viewed along a longitudinal axis 3 of the
body 2 of the mixing unit 1.

[0109] Preferably, the angles between neighboring
channels and/or their respective planes, are substantially
identical.

[0110] Alternatively or in addition, at least opposing
angles may be substantially identical. This way, a more
compact body 2 may be obtained while still achieving a
high uniformity of the branch streams.

[0111] Preferably, the volumes and/or sizes and/or
shapes of all primary channels 14-1, 14-2 are substan-
tially identical.

[0112] Arespective branching 10 may be configured to
divide and/or split the inlet stream 5 into substantially
identical parts. Thus, the first primary branch stream 12-1
and the second primary branch stream 12-2 are config-
ured to pipe substantially identical volumes of the stream
and/or at substantially identical flow rates.

[0113] The primary branch streams 12-1 and 12-2 are
configured to respectively pipe and/or guide the primary
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branch streams 12-1 and 12-2 to a first collecting reser-
voir 18. The first collecting reservoir 18 is configured to
receive all of the primary branch streams 12-1, 12-2.
[0114] Preferably the inlets through which the primary
branch streams 12-1, 12-2 enter the first collecting re-
servoir 18 are positioned and/or orientated relative to one
another in such a way that the first primary branch stream
12-1 and the second primary branch stream 12-2 upon
entering the first collecting reservoir 18 collide with one
another and are subject to turbulent mixing and/or lami-
nar mixing.

[0115] The colliding of branch streams achievable by
the exemplary mixing unit 1 corresponds to a particular
advantageous mixing of the components of the stream
with high efficiency and low shear. Accordingly, high
homogeneity of the stream may be achieved while re-
liably preserving shear-sensitive material comprised by
the stream.

[0116] Theexemplary mixingunit 1 further comprisesa
second branching 20, which divides and/or splits the
stream in the first collecting reservoir 18 into two sec-
ondary branch streams 22-1, 22-2. The second branch-
ing 20 may comprise substantially identical properties
and/or functions as described with respect to the first
branching 10.

[0117] In particular, the second branching 20 is con-
figured to direct the stream into two or more secondary
channels, such as first secondary channel 24-1 and
second secondary channel 24-2.

[0118] The secondary channels 24-1, 24-2 are config-
ured to pipe and/or guide respective secondary branch
streams 22-1, 22-2 to a second collecting reservoir 28, in
which the secondary branch streams 22-1, 22-2 are
mixed by colliding with each other. Accordingly, due to
the additional splitting and recombining, the degree of
mixing of the components of the stream may be in-
creased.

[0119] The same applies for the third branching 30,
which is configured to divide the stream in the second
collecting reservoir 28 into a plurality of tertiary branch
streams, in the shown example into a first tertiary branch
stream 32-1 and a second tertiary branch stream 32-2
respectively piped by a first tertiary channel 34-1 and a
second tertiary channel 34-2, and recombining the same
in a third collecting reservoir 38, thereby further increas-
ing the degree of mixing and/or homogeneity of the
stream.

[0120] Inthe exemplary mixing unit 1, the third collect-
ing reservoir 38 is positioned directly upstream of the
outlet 6 through which the mixed stream exits the mixing
unit 1. However, in other examples, further mixing stages
fluidly coupled to one another in series between the third
collecting reservoir 38 and the outlet 6 may be comprised
by the mixing unit 1. Each of said mixing stages prefer-
ably comprising a branching, two or more channels and a
collecting reservoir, wherein each stage may improve the
degree of mixing and/or homogeneity of the stream.
[0121] An entrance angle 15a of entrance sections 15
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of the primary channels 14-1, 14-2 may be between
approximately 40° and approximately 120°, preferably
between approximately 70° and approximately 90°, for
example approximately 80°. The entrance angle 15a may
substantially define the angle in which the primary chan-
nels 14-1, 14-2, in particular entrance sections 15 of the
primary channels 14-1, 14-2 located close and/or directly
adjacent to the first branching 10, are oriented relative to
one another.

[0122] An entrance section 15 may for example com-
prise or constitute a first section of the channel at which
the branch streams enter the channel. For determining
the entrance angle 15, an average flow direction of the
branch streams 12-1, 12-2 flowing through the respective
entrance sections 15 of the channels 14-1, 14-2 is de-
termined by approximation and the angle enclosed by the
determined flow directions provides a measure of the
entrance angle 15a.

[0123] Alargerentrance angle 15a may provide a more
efficient mixing, while at the same time increasing shear
forces acting on the components of the stream due to a
higher degree of redirection of the stream. A smaller
angle may provide a less efficient mixing, while at the
same time decreasing shear forces acting on the com-
ponents of the stream due to a smaller degree of redir-
ection of the stream.

[0124] An exit angle 16a of exit sections 16 of the
primary channels 14-1, 14-2 may be between approxi-
mately 40° and approximately 120°, preferably between
approximately 70° and approximately 90°, for example
approximately 80°. The exit angle 16a may substantially
define the angle in which the primary channels 14-1,
14-2, in particular exit sections 16 of the channels
14-1, 14-2 located close and/or directly adjacent to the
first collecting reservoir 18, are oriented relative to one
another.

[0125] An exit section 16 may for example comprise or
constitute a last section of the channel which the branch
streams flow through immediately before exiting the
channels and/or entering the first collecting reservoir
18. For determining the exit angle 16, an average flow
direction of the branch streams 12-1, 12-2 flowing
through respective the exit sections 16 of the channels
14-1, 14-2 is determined by approximation and the angle
enclosed by the determined flow directions provides a
measure of the exit angle 16a.

[0126] The exit angle 16a may further describe the
angle at which collision occurs between the branch
streams 12-1, 12-2 in the first collecting reservoir 18.
[0127] A larger exit angle 16a may provide a more
efficient mixing, while at the same time increasing shear
forces acting on the components of the stream caused by
a higher relative velocity of the branching streams. A
smaller angle may provide a less efficient mixing, while
at the same time decreasing shear forces acting on the
components of the stream due to a lower relative velocity
of the branching streams.

[0128] The primary channels 14-1, 14-2 may each
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comprise a reduced diameter portion 17 with a reduced
cross-sectional area substantially orthogonal to a flow
direction of the respective branch streams 12-1, 12-2
compared to an average cross-sectional area of the
respective channel. Preferably the reduced diameter
portions 17 of the primary channels 12-1, 12-2 are at a
position closer to the first collecting reservoir 18 than to
the first branching 10 and/or at or near an exit section 16
of the channels. The flow velocity of the branch streams
12-1, 12-2 may be increased at and/or in and/or after the
reduced diameter portion 17 so that collision at higher
velocities of the branch streams 12-1, 12-2 may be
obtained. This way, a more efficient mixing of the com-
ponents of the stream may be achieved, in particular for
fluids having higher viscosities.

[0129] A ratio between the cross-section of the re-
duced diameter portion 17 and the average cross-section
of a channel may be between approximately 1:1 and
approximately 1:12, in particular between approximately
1:3 and approximately 1:7.

[0130] The channel structure may have a volume be-
tween approximately 10 mL and approximately 1000 mL,
in particular between approximately 20 mL and approxi-
mately 100 mL. In other words, the mixing unit 1 may be
configured to hold and/or receive between approximately
10 mL and approximately 1000 mL, in particular between
approximately 20 mL and approximately 100 mL, of
fluid(s).

[0131] Fig. 3 shows a cross-sectional view of the ex-
emplary mixing unit 1 of Fig. 1 wherein the intersecting
plane is oriented substantially parallel to a longitudinal
axis 3 of the body 2 of the mixing unit 1 and the inter-
secting plane substantially bisects the channel structure
and the first inlet 4 and the outlet 6 of the mixing unit 1.
[0132] The channel structure of the exemplary mixing
unit 1 comprises substantially rounded and/or beveled
corners and/or edges at the channels and the collecting
reservoirs. This is advantageous as it reduces shear
acting on the components of the stream, in particular
at bends and/or curves, compared to sharp edges. The
same applies for the branchings. In addition, volume of
dead spaces and/or spaces in which low flow velocities
occur may be reduced. Also, a more uniform velocity
distribution throughout a cross-section of the stream may
be obtained.

[0133] Preferably, at least some of the channels 14-1,
14-2, 24-1, 24-2, 34-1, 34-2, the collecting reservoirs 18,
28, 38 and/or the branchings 10, 20, 30 are arranged
substantially on a common level with respect to a long-
itudinal axis 3 of the body 2. By this, a substantially
uniform flow of the stream through the mixing unit 1
may be achieved because no bends apart from the
channels exist.

[0134] Fig. 4a-d show cross-sectional views of the
exemplary mixing unit 1 at the correspondingly labeled
lines shown in Fig. 3.

[0135] Fig. 4a shows a cross-sectional view at an
intersecting plane oriented substantially orthogonal to
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a longitudinal axis 3 of the body 2 and positioned at line a-
a shown in Fig. 3.

[0136] The first and second primary channels 14-1,
14-2 are intersected substantially at a position in the body
2, where a distance in a lateral direction of the body 2 is
maximal. Said position may comprise a turning point of
the primary channels 14-1, 14-2 between the first branch-
ing 10 and the first collecting reservoir 18, in which the
flow direction is substantially parallel to the longitudinal
axis 3 of the body 2.

[0137] Attheintersected position shown in Fig. 4a, the
first primary branch stream 12-1 and/or the second pri-
mary branch stream 12-2 have a flow direction substan-
tially orthogonal to the intersecting plane.

[0138] In the shown example, the first and second
primary channels 12-1 and 12-2 comprise a substantially
oval cross-section and/or a cross-sectional area of be-
tween approximately 50 mm2 and approximately 400 m2,
for example approximately 200 mm?2.

[0139] Fig. 4b shows a cross-sectional view at an
intersecting plane oriented substantially orthogonal to
a longitudinal axis 3 of the body 2 and positioned at line
b-b- shown in Fig. 3.

[0140] In the shown example, the reduced diameter
portions 17 is positioned at the exit sections 16 of the
channels 14-1, 14-2.

[0141] The first and second primary channels 14-1,
14-2 are intersected at the reduced diameter portions
17, where a cross-sectional area of the channels 14-1,
14-2 is minimal.

[0142] However, at the intersected position shown in
Fig. 4b, the first primary branch stream 12-1 and the
second primary branch stream 12-2 have a flow direction
not orthogonal to the intersecting plane and/or a flow
direction towards one another. Accordingly, Fig. 4b does
notillustrate the actual cross-sectional area orthogonal to
the flow direction of the branch streams 12-1, 12-2, which
is smaller than the oval opening illustrated in Fig. 4b.
[0143] In the shown example, the reduced diameter
portions 17 of the first and second primary channels 12-1
and 12-2 comprise a substantially oval cross-section
and/or a cross-sectional area orthogonal to the flow
direction of the branch streams 12-1, 12-2 of between
approximately 10 mm?2 and approximately 100 m2, for
example approximately 30 mm2,

[0144] A ratio between the cross-sectional area at the
reduced diameter portion and an average cross-section
area of a channel may be between approximately 1:1 and
approximately 1:10.

[0145] Fig. 4c shows a cross-sectional view at an
intersecting plane oriented substantially orthogonal to
a longitudinal axis 3 of the body 2 and positioned at line
c-c- shown in Fig. 3.

[0146] The first collecting reservoir 18 is intersected
substantially ata position inthe body 2, where the primary
branch streams 12-1, 12-2 collide with one another. In the
shown example, this position substantially corresponds
to the part of the first collecting reservoir 18 having the
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smallest cross-sectional area.

[0147] At the shown intersected position, an average
flow direction of the stream is substantially identical or
parallel with the longitudinal axis of the body 2 and/or
substantially orthogonal to the intersecting plane.
[0148] In the shown example, the intersected part of
the first collecting reservoir 18 may have a cross-sec-
tional area of between approximately 20 mm2 and ap-
proximately 150 m2, for example approximately 50 mm2,
[0149] Fig. 4d shows a cross-sectional view at an
intersecting plane oriented substantially orthogonal to
a longitudinal axis 3 of the body 2 and positioned at line
d-d- shown in Fig. 3.

[0150] The first collecting reservoir 18 is intersected
substantially at a position immediately upstream of the
second branching 20, where the first collecting reservoir
18 merges into the secondary branch streams 22-1, 22-2.
In the shown example, this position substantially corre-
sponds to the part of the first collecting reservoir 18
having the largest cross-sectional area.

[0151] Atthe shown intersected position, the stream is
divided and diverted towards the first and the second
secondary channels 24-1, 24-2. Said position may sub-
stantially correspond to a position where the highest
shear forces are acting on components of the stream
due to the relatively strong redirecting of the stream
caused by the branching.

[0152] In the shown example, the intersected part of
the first collecting reservoir 18 may have a cross-sec-
tional area of between approximately 100 mm?2 and ap-
proximately 1000 m2, for example approximately 500
mm2,

[0153] Fig. 5 shows a simulation of an exemplary flow
pattern of a stream flowing through the channel structure
of the exemplary mixing unit of Fig. 1.

[0154] Pathlines and/orfield lines indicate the direction
and velocity of the stream flowing through the channel
structure, wherein darker areas indicate a higher velocity
and/or laminar flow of the stream and brighter areas
indicate a lower velocity and/or a turbulent flow of the
stream.

[0155] As indicated, the inlet stream 5 is redirected at
the first branching 10 and divided into first and second
primary branch streams 12-1, 12-2. The velocity of the
stream(s) is higher close to a wall portion of the channel
structure against which the part of the inlet stream having
a high velocity clashes.

[0156] As further indicated, the distribution of flow ve-
locity across the primary branch streams 12-1, 12-2
equalizes in a middle section of the primary channels
14-1, 14-2.

[0157] Upon reaching the reduced diameter portions
17, the flow velocity increases due to the reduced cross-
sectional area through which the branch stream 12-1,
12-2 is forced.

[0158] The branch streams 12-1, 12-2 collide at high
velocities with one another in the first collecting reservoir
18 and clash against the second branching 20. By this,
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advantageous low shear mixing of the components of the
stream is achieved.

[0159] The flow pattern substantially identically dupli-
cates in the further mixing stages of the secondary and
tertiary channels 22-1, 22-2, 32-1, 32-2.

[0160] Fig. 6 shows a simulation of exemplary flow
velocities of a stream flowing through a part of the chan-
nel structure of a section of the exemplary mixing unit 1 of
Fig. 1.

[0161] The stream comprises a shaded indication of
flow velocities, wherein darker areas correspond to areas
of higher flow velocity and brighter areas correspond to
areas of lower flow velocity.

[0162] A scale ranging from 0.0 m/s to 0.4 m/s is
provided for a qualitative evaluation of the shown simula-
tion.

[0163] A maximum velocity of approximately 0.25 m/s
may be obtained in an area where the stream has been
redirected by the branching 20.

[0164] A slightly lower velocity of approximately 0.2
m/s may be obtained at the area where the branch
streams 12-1, 12-2 collide.

[0165] A lowest velocity of close to 0.0 m/s may be
obtained in side areas of the first collecting reservoir 18
close to the point of collision of the branch streams 12-1,
12-2.

[0166] The simulation represents the following char-
acteristics of the inlet stream and/or the channel struc-
ture: A cross-sectional area at the thinnest portion of the
collecting reservoirs 18, 28, 38 has an oval shape and is
approximately 50 mm2. A cross-sectional area of the
reduced diameter portion 17 has an oval shape and is
approximately 100 mm2. The entrance angle of the chan-
nels is approximately 80°. An exit angle of the channels
and/or angle of collision of the branch streams is approxi-
mately 80°. The mixing unit comprises three mixing
stages substantially oriented along a common axis. Visc-
osity of the first fluid of the inlet stream 5 is approximately
1 mPas and viscosity of the second fluid of the inlet
stream 5 is approximately 2 mPas. Flow rates of the first
liquid and the second liquid are substantially identical. A
gas hasbeenintroduced totheinletstream 5 ata flow rate
of approximately 1 L/min at room temperature and stan-
dard atmospheric pressure.

[0167] Fig 7 shows an exemplary lysis system 90 for
lysing cells containing double stranded DNA. The lysis
system 90 is particularly suitable for continuous proces-
sing of cell lysis and/or pDNA isolation.

[0168] The lysis system 90 may comprise a mixing
system 80 including one or more mixing units 1 for mixing
of atleast a first fluid and a second fluid comprised by an
inlet stream 5.

[0169] The lysis system 90 may further comprise one
or more mixing chambers 92 for mixing of the first fluid of
the inlet stream 5, respectively ingredients thereof. Each
mixing chamber 92 may have a volume of between
approximately 50 mL to approximately 500 mL.

[0170] The ingredients of the first fluid may comprise a
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fluid comprising resuspended cells, e.g., bacterial, algae,
yeast and/or mammalian, and a lysis buffer, e.g., com-
prising sodium hydroxide and/or sodium dodecyl sul-
phate, for the purpose of lysing the resuspended cells.
[0171] The lysis system 90 may comprise a first tank
102 for storing and/or providing the lysis buffer to the
mixing chamber 92. A first pump 103, in particular a
peristaltic pump with a delivery rate of approximately
40 mL/min to approximately 400 mL/min, may be com-
prised by the lysis system 90 for delivering the lysis buffer
from the first tank 102 to the mixing chamber 92.
[0172] The lysis system 90 may comprise a second
tank 104 for storing and/or providing the fluid comprising
resuspended cells to the mixing chamber 92. A second
pump 105, in particular a peristaltic pump with a delivery
rate of approximately 40 mL/min to approximately 400
mL/min, may be comprised by the lysis system 90 for
delivering the fluid comprising resuspended cells from
the second tank 104 to the mixing chamber 92.

[0173] A concentration of the resuspended cells in the
fluid may be between approximately 0.1 g/mL and ap-
proximately 0.05 g/mL.

[0174] The lysis system 90 may further comprise an
incubation tube 94 fluidly connected to an outlet of the
mixing chamber 92 for piping of the first fluid of the inlet
stream 5, respectively ingredients thereof, during lysis
reaction of the cells. The incubation tube 94 may com-
prise a coil, e.g., with a diameter of between approxi-
mately 0.2 cm and approximately 2 cm, in particular
approximately 0.6 cm. The incubation tube 94 may com-
prise a volume of approximately 1000 mL.

[0175] The mixing chamber 94 and the incubation tube
96 may be configured to hold and/or pipe the first fluid
while cell lysis occurs.

[0176] The lysis system 90 may further comprise a first
joint 96 for joining the first fluid subsequent to passing
through the incubation tube 94 and the second fluid of the
inlet stream.

[0177] The second fluid may comprise or be a neutra-
lization agent and/or a neutralization buffer such as po-
tassium acetate (3M K-acetate).

[0178] The lysis system 90 may comprise a third tank
106 storing and/or providing the second fluid to the first
joint 96. A third pump 107, in particular a peristaltic pump
with a delivery rate of approximately 40 mL/min to ap-
proximately 400 mL/min, may be comprised by the lysis
system 90 for delivering the second fluid from the third
tank 106 to the first joint 96.

[0179] The first joint 96 may be fluidly connected to a
firstinlet 6 of a mixing unit 1, in particular a first mixing unit
1 of the mixing system 80. The first joint 96 may be
provided for pre-mixing of the components of inlet stream
5, in particular the first fluid and the second fluid, before
entering the mixing unit 1.

[0180] Viscosity of the first fluid may be approximately
1 mPas and viscosity of the second fluid may be approxi-
mately 2 mPas or vice versa.

[0181] The first mixing unit 1 of the mixing system 80
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may be according to an aspect herein and configured to
mix the components of the inlet stream 5.

[0182] The mixing system 80 may further comprise a
second inlet 84 for introducing an auxiliary fluid (which
may also be called a "third" fluid herein), in particular a
precipitation agent, such as CaCl2, to the inlet stream
after being mixed by the first mixing unit 1.

[0183] Thelysissystem 90 may further comprise a third
inlet 98 for introducing a fluid, in particular a gaseous
fluid, such as gas and/or air, which may also be called a
"fourth" fluid described herein, to the first fluid and the
second fluid before entering the first mixing unit 1 for
improving mixing efficiency. Therefore this "fourth" fluid
may also be called mixing supportfluid in this description.
The gaseous fluid may be delivered at a flow rate of
approximately 1 L/min and/or atroom temperature and/or
atstandard atmospheric pressure. As shownin Fig. 7, the
mixing support fluid (even when considered as "fourth"
fluid herein) may be added before adding the auxiliary
fluid and/or at a position upstream of the position the
auxiliary fluid is added (even when considered as "third"
fluid herein).

[0184] The lysis system 90 may comprise a fourth tank
108 for storing and/or providing the third fluid to the
mixing system 80. A fourth pump 109, in particular a
peristaltic pump with a delivery rate of approximately
40 mL/min to approximately 400 mL/min, may be com-
prised by the lysis system 90 for delivering the third fluid
from the fourth tank 108 to the mixing system 80.
[0185] The second mixing unit 1 of the mixing system
80 may be according to an aspect herein and configured
to mix the stream that at least partly originates from the
inlet stream that has been mixed by the first mixing unit 1
and the third fluid introduced by the second inlet 84.
[0186] Thelysing system 90 may comprise a collecting
tank 100 for collecting the stream exiting the mixing
system 80 and storing the same until further processing.
[0187] One or more flow rate sensors and/or pressure
sensors, in particular contactless sensors, may be pro-
vided for process control, in particular between a pump
and the mixing chamber 92 respectively the first joint 96
respectively the second inlet 82.

[0188] A method for continuous and in-line lysing of
cells containing double stranded DNA, in particular using
the lysing system 90, may comprise the following steps:
Pumping resuspended cells and lysis buffer simulta-
neously with pumps 103, 105 and mixing the same in
the mixing chamber 92 before piping through the incuba-
tion tube 96 (first fluid). The lysis step is neutralized at the
first joint 96 by pumping a neutralization agent (second
fluid), such as concentrated potassium acetate, joining it
with the first fluid and mixing the first fluid and the second
fluid in a first mixing unit 1. The neutralized solution is
further mixed in a second mixing unit 1 where RNA
impurities are precipitated by adding a precipitation
agent, such as concentrated CaCl2, to the solution.
The final lysate is collected in the collecting tank 100
and, e.g., ready for filtration.
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[0189] Fig. 8 shows an exemplary mixing system 80
comprising two mixing units 1, which may be comprised
by a lysis system 90 according to an aspect herein.
[0190] The mixing system 80 may comprise a first
mixing unit 1-1 and a second mixing unit 1-2 fluidly
connected in series by a connecting part 82 connecting
the first inlet 4 of the second mixing unit 1-2 to an outlet 6
of the first mixing unit 1-1.

[0191] The connecting part 82 may comprise a second
inlet 84 for introducing a third fluid, e.g., a precipitation
agent, to the stream exiting the first mixing unit 1-1 in
order to be mixed in the second mixing unit 1-2.

[0192] The first mixing unit 1-1 and the second mixing
unit 1-2 may be substantially identical or may be different.
In particular, the number of branchings and collecting
reservoirs may be identical or different.

[0193] In the shown example, both of the first mixing
unit 1-1 and the second mixing unit 1-2 each comprise
three mixing stages, each including a branching 10, 20,
30, two channels 14-1, 14-2, 24-1, 24-2, 34-1,34-2and a
collecting reservoir 18, 28, 38.

[0194] Fig. 9 shows another exemplary mixing unit 1
which may be comprised by a lysis system 90 according
to an aspect herein.

[0195] In particular, the mixing unit 1 shown in Fig. 9
comprises substantially the same mixing properties as
the mixing system 80 shown in Fig. 8

[0196] Specifically, the mixing unit 1 comprises a first
inlet 4 for receiving the inlet stream 5 comprising a first
fluid and a second fluid and is configured to mix the same
at three mixing stages each including a branching 10, 20,
30, two channels 14-1, 14-2, 24-1, 24-2, 34-1, 34-2 and a
collecting reservoir 18, 28, 38.

[0197] However, the mixing unit 1 of Fig. 9 further
comprises a second inlet 8 for receiving a third fluid, such
as precipitation agent, and introducing said third fluid into
the third collecting reservoir 38.

[0198] The mixing unit 1 further comprises a fourth
branching 40, quaternary channels 44-1, 44-2, a fourth
collecting reservoir 48, a fifth branching 50, quinary
channels 54-1, 54-2, afifth collecting reservoir 58, a sixth
branching 60, senary channels 64-1, 64-2 and a sixth
collecting reservoir 68 for mixing of the third fluid with the
stream of the third collecting reservoir 38 originating from
the inlet stream.

[0199] Consequently, the mixing unit 1 shown in Fig. 9
may be considered as integral and/or one-piece version
ofthe mixing system comprising two mixing units 1 shown
in Fig. 8.

[0200] A respective mixing unit 1 may be advanta-
geous as it reduces assembly costs and/or improves
integrity of the stream. It also efficiently allows influencing
the size of flocs, forming during lysis, neutralisation and
precipitation by regulating the speed and ratio between
fluid streams and gas flow rate. This directly influences
the efficiency of the system and enables more efficient
filtration between the liquid and sold matter in the follow-
ing step.
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Example 1: In-line lysis of 100 g of E. coli cells contain-
ing pDNA (4.7 kbp)

CELL RESUSPENSION:

[0201] 100 gofE. coliwet cell paste containing plasmid
DNA of 4.7 kbp was weighted and diluted with resuspen-
sion buffer to the desired resuspension factor (e.g. 20-
fold dilution). Then, using a magnetic stirrer, a cell sus-
pension was homogenised (rpm range 200 rpm); to a
concentration of 0.05 g/mL.

LYSIS

[0202] Lysis buffer contained sodium hydroxide (0.2 M)
and sodium dodecyl sulphate (1%). Feed 1 (resus-
pended cells) was pumped with a peristaltic pump at a
flow rate of 200 mL/min (Fig. 7, 102 and 103); feed 2 (lysis
buffer) was pumped with a peristaltic pump at 200 mL/min
(Fig. 7, 104 and 105); lysis was performed in a chamber
mixer 92, followed by a fixed-volume (1 L) tube reactor
(93) at acombined flow rate of 400 mL/min. This achieved
a lysis time of 2.5 min.

NEUTRALISATION

[0203] Concentrated K-acetate and was addedina 1:1
ratio with the lysis solution at the T-connector (Fig.7, 96).
Feed of 3 M K-acetate, pH 5.5 was pumped with a
peristaltic pump at 200 mL/min (Fig.7, 106 and 107) to
reach a final concentration of 1 M K-acetate. Simulta-
neously, an air feed with a flow rate of 0.75 L/min is added
through the third inlet (Fig.7, 98). Crude lysate was mixed
with this neutralization mixture in a mixing unit (Fig.7, 1).

PRECIPITATION

[0204] Concentrated CaCl, solution was added to a
neutralized lysate using a second inlet of connecting part
inlet between 2 mixing units (Fig.7, 1). Feed of 5M CaCl,
was pumped with a peristaltic pump at 106 mL/min (Fig.7,
108 and 109) to reach a final concentration of 0.75 M
CaCl,. Neutralized lysate was mixed with this precipita-
tion agentin a mixing unit (Fig.7, 1). The suspension was
collected in reservoir 100 in Fig. 7.

[0205] An aliquot of collected neutralized and precipi-
tated lysate was taken, centrifuged at 13000 rpm for 5
min. The supernatant was collected and diluted 50 times
before analysis by HPLC pDNA analytics (using CIMac
pDNA column).

Example 2: Batch lysis of 1 g of E. coli cells

[0206] Recovery and purity of isolated plasmid was
compared to batch lysis of 1 g of E. coli cells from the
same batch as used for the in-line lysis experiment.
HPLC analysis of the product after lysate clarification
(Fig. 10) demonstrated comparable plasmid recovery
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from in-line lysis of 100 g of cells and batch lysis of 1 g
of cells. An aliquot of collected neutralized and precipi-
tated lysate was taken, centrifuged at 13000 rpm for 5
min. The supernatant was collected and diluted 50 times
before analysis by HPLC pDNA analytics (using CIMac
pDNA column). HPLC analysis of the product after lysate
clarification demonstrated comparable plasmid recovery
from in-line lysis of 100 g of cells (4 mg/g isolated) and
batch lysis of 1 g of cells (3.99 mg/g isolated), despite the
100-fold higher scale. Product purity was higher with in-
line lysis approach (1.2 times lower genomic DNA con-
tent).

[0207] Fig. 10 shows analytical HPLC chromatograms
(CIMac pDNA column) comparing product quality and
quantity of 4.7 kbp plasmid isolated from E. coli using
batch lysis (1 g of E. coli cell paste; full line) and in-line
lysis (100 g E. coli cell paste; dashed

List of Reference Numerals
[0208]

mixing unit

body

longitudinal axis of mixing unit
first inlet

inlet stream

outlet

second inlet of mixing unit

10 first branching

O WON -

(o]

12-1  first primary branch stream

12-2  second primary branch stream

14-1  first primary channel

14-2  second primary channel

15 entrance section of first/second primary channel

15a entrance angle

16 exit section of first/second primary channel

16a exit angle

17 reduced diameter portion of first/second primary
channel

18 first collecting reservoir

20 second branching

22-1  first secondary branch stream

22-2  second secondary branch stream

24-1  first secondary channel

24-2  second secondary channel

25 entrance section of first/second secondary
channel

26 exit section of first/second secondary channel

27 reduced diameter portion of first/second sec-
ondary channel

28 second collecting reservoir

30 third branching

32-1 first tertiary branch stream

32-2  second tertiary branch stream

34-1 first tertiary channel

34-2  second tertiary channel

35 entrance section of first/second tertiary channel



36
37

38
40
44-1
44-2
48
50
54-1
54-2
58
60
64-1
64-2
68
80
82
84
90
92
94
96
98
100
102
103
104
105
106
107
108
109
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exit section of first/second tertiary channel
reduced diameter portion of first/second tertiary
channel

third collecting reservoir
fourth branching
quaternary first channel
quaternary second channel
fourth collecting reservoir
fifth branching

quinary first channel
quinary second channel
fifth collecting reservoir
sixth branching

senary first channel

senary second channel
sixth collecting reservoir
mixing system

connecting part

second inlet of connecting part
lysis system

mixing chamber

incubation tube

first joint

third inlet

collecting vessel

first tank

first pump

second tank

second pump

third tank

third pump

fourth tank

fourth pump

Mixing unit for mixing two or more fluids, in particular

fluids containing shear sensitive biological material,
the mixing unit comprising:

afirstinlet for receiving an inlet stream, the inlet
stream comprising a first fluid and a second fluid;
a channel structure in fluid communication with
the inlet, the channel structure comprising:

a first branching for splitting the inlet stream
into a first and a second primary branch
streams;

a first and a second primary channel, each
configured for piping of one of respective
primary branch streams,

a first collecting reservoir for recombining
the primary branch streams;

wherein the first and second primary chan-
nels fluidly connect the first branching with
the first collecting reservoir.

2. Mixing unit of claim 1, wherein the channel structure
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further comprises:

a second branching for splitting the streamin the
first collecting reservoir into a first and a second
secondary branch streams;

a first and a second secondary channel, each
configured for piping of one of respective sec-
ondary branch streams;

a second collecting reservoir for recombining
the secondary branch streams;

wherein the first and second secondary chan-
nels fluidly connect the second branching with
the second collecting reservaoir,

optionally wherein the primary channels and the
secondary channels are arranged in a common
plane; and/or wherein the first branching, the
first collecting reservoir, the second branching
and the second collecting reservoir are posi-
tioned on a common axis.

3. Mixing unit of any one of the preceding claims,
wherein the mixing unit is configured to:

achieve low shear mixing of the components of
the inlet stream; and/or

mix the components of the inlet stream at a low
Reynolds number, preferably at a Reynolds
number between approximately 6000 and ap-
proximately 70000.

4. Mixing unit of any one of the preceding claims,
wherein:

an entrance angle between the main flow direc-
tions of the branch streams at respective en-
trance sections of the first and second channels
at the associated branchings is substantially
between approximately 40° and approximately
120°, preferably between approximately 70°
and approximately 90°, and, preferably, is or-
iented symmetrically with respect to a longitu-
dinal axis of the mixing unit; and/or

an exit angle between the main flow direction of
the branch stream at an exit section of the first
and second channels at the associated collect-
ing reservoirs is substantially between approxi-
mately 40° and approximately 120°, preferably
between approximately 70° and approximately
90°, and, preferably, is oriented symmetrically
with respect to a longitudinal axis of the mixing
unit.

Mixing unit of any one of the preceding claims,
wherein:

the primary and/or secondary channels com-
prise one or more sections having a substan-
tially circular and/or oval cross-sectional shape;



6.

10.
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and/or

the channels comprise a reduced diameter por-
tion with a reduced cross-section substantially
orthogonal to a flow direction of the stream
compared to an average cross-section, prefer-
ably at a position closer to the associated col-
lecting reservoir than to the associated branch-

ing.

Mixing unit of any one of the preceding claims,
wherein:

wherein the volumes of the first and second
primary channels are substantially identical; an-
d/or

wherein the volumes of the first and second
secondary channels are substantially identical;
and/or

the first and second primary channels are sub-
stantially congruent; and/or

the first and second secondary channels are
substantially congruent; and/or

the primary channels and the secondary chan-
nels are substantially congruent; and/or.

the primary channels are positioned substan-
tially symmetrically with respect to a longitudinal
axis of the mixing unit; and/or

the secondary channels are positioned substan-
tially symmetrically with respect to a longitudinal
axis of the mixing unit.

Mixing unit of any one of the preceding claims, further
comprising a second inlet provided at one of the
collecting reservoirs for introducing a third fluid into
the respective collecting reservoir.

Use of the mixing unit of any one of the preceding
claims for substantially continuous processing of one
or more of: cell lysis, neutralization, clarification,
nucleic acid purification and concentration.

Mixing system for mixing two or more fluids, the
mixing system comprising:

a first mixing unit according to any one of claims
1to 7; and

a second mixing unit according to any one of
claims 1to 7;

wherein the first mixing unit and the second
mixing unit are fluidly connected in series where-
in the first inlet of the second mixing unit s fluidly
connected to an outlet of the first mixing unit.

Mixing system of claim 9, further comprising a con-
nection part for fluidly connecting the outlet of the first
mixing unit with the first inlet of the second mixing
unit, wherein the connection part comprises a sec-
ond inlet for receiving a third fluid.
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11. Method of mixing two or more fluids, in particular

fluids containing shear sensitive biological material
and/or their components, the method comprising the
steps of:

splitting an inlet stream comprising a first fluid
and a second fluid into a plurality of primary
branch streams; and

recombining the plurality of primary branch
streams in a first collecting reservoir.

12. Method of claim 11, comprising the steps of:

splitting the stream in the first collecting reser-
voirinto a plurality of secondary branch streams;
and

recombining the plurality of secondary branch
streams in a second collecting reservoir.

13. Method of claim 11 or 12, wherein:

the components of the stream are mixed at low
shear; and/or

the components of the stream are mixed atalow
Reynolds number, preferably at a Reynolds
number between approximately 6000 and ap-
proximately 70000; and/or

wherein a time of the stream between a first
splitting and a final recombining is between ap-
proximately 0.1 seconds and approximately 30
seconds, preferably between approximately 1
seconds and approximately 15 seconds; and/or
wherein a flow rate of the stream is between
approximately 50 mL/min and approximately 20
L/min, preferably between approximately 150
mL/min and approximately 2000 mL/min; and/or
wherein an average flow velocity of the streamis
between approximately 0.03 m/s to approxi-
mately 0.4 m/s.

14. Lysis system for lysing cells containing double

stranded DNA, the lysing unit comprising:

a mixing system according to claim 9 or 10 or a
mixing unit according to any one of claims 1 to 7
having a second inlet for introducing a precipita-
tion agent to the mixed components of the inlet
stream;

a mixing chamber for mixing of the first fluid of
the inlet stream comprising a lysis buffer and a
fluid comprising resuspended cells;

an incubation tube fluidly connected to an outlet
of the mixing chamber for piping of the first fluid
of the inlet stream during lysis reaction of the
cells; and

afirstjointforjoining the first fluid and the second
fluid of the inlet stream, wherein the first joint is
fluidly connected to the first inlet of the first
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mixing unit of the mixing system respectively to
the mixing unit.

15. Method for lysing cells containing double stranded
DNA comprising the steps of:

mixing a fluid stream comprising:

a first fluid comprising resuspended cells
and a lysis buffer; and

a second fluid comprising a neutralization
buffer in a first mixing unit;

adding a third fluid comprising a precipitation
agent to the mixed first fluid and second fluid;
and

mixing of the first fluid, the second fluid and the
third fluid in the first mixing unit or in a second
mixing unit.
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1. claims: 1-4, 6, 8, 9, 11-13(completely); 5(partially)

Mixing unit having branched channel structure, wherein the
entrance angle of the branch streams at entrance and/or exit
gections is between 40° and 120°.

2. claim: 5(partially)
Mixing unit having branched channel structure, wherein the

channels comprise a reduced diameter portion with a reduced
cross section.

3. claims: 7, 10, 14
Mixing unit having branched channel structure, wherein the

mixing unit comprises a second inlet provided at one of a
collecting reservoir for introducing a third fluid.

4. claim: 15

Method for lysing cells containing double stranded DNA.
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