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Non-contact device for treating cells

The present invention relates to a non-contact device for treat-
ing cells used in medical, environmental, food applications, and
bio-based industries (including yeast, bacteria, microalgae, as
well as plant or animal cells and cell tissue production sys-
tems, in particular targeting inactivation, the extraction of
biocactive compounds, and/or the stimulation of cell growth

and/or cellular compounds.

It is known that prokaryotic and eukaryotic cells are influenced
by the action of electric fields. Stimulation of cell growth, as
well as cell death, inactivation of microorganisms, or specific
extraction of cell constituents can occur, depending on the ap-
plied electric field strength (e.g. Buchmann L and Mathys A
(2019), Perspective on Pulsed Electric Field Treatment in the
Bio-based Industry, Front. Bioeng. Biotechnol. 7:265, doi:
10.3389/fbioe.2019.00265).

EP-2 308 969 Bl describes a PEF (pulsed electric field) method
where a cell material suspended in an electrically conductive
liguid, the cell material being positioned between two elec-
trodes, by exposure of 1 to 100 electric pulses, such that a
voltage increase takes place between the two electrodes of 10%
to 90% of a target voltage of the electric pulses within a peri-
od of 0.1 to 100 ns, the electric pulses have a pulse duration
of 5 ns to 5000 ns, and the electric pulses, upon reaching the
target voltage, have an electric field strength of 0.5 kV/cm to
50 kV/cm, showed an accelerated cell proliferation and/or in-

creased cell constituents.

In the device for treating cell material used in EP 2 308 969

Bl, an electroporation cuvette having the suspension of cell ma-
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terial described above was continuously pumped through an ar-
rangement of two electrodes and exposed to an electric field in
an electrically conductive liquid (paragraph [0020] of EP-2 308
969 B1).

Under these conditions, a flow profile is formed between the
wall and the center of the vessel, which may result in devia-
tions with respect to the process conditions over the vessel di-
ameter. This is a problem since influencing the cell prolifera-
tion as described above depends on the accurate maintenance of
the process conditions. With the device of EP-2 308 969 B1l, it
is not possible to obtain homogeneous process conditions in the
entire reaction vessel and therefore also no homogeneously in-

fluenced cell material.

It was the object of the present invention to overcome the above
problems of the prior art and to provide a device that overcomes
difficulties involved with currently available PEF equipment in
order to obtain homogenous and controllable flow and electric

field profiles.

The above object is achieved by the present invention as defined

in the claims.

In detail, the present invention relates to a device, comprising
a unit for generating and emitting electric pulses, and a treat-
ment unit having an inlet and an outlet, wherein a treatment
space 1s formed inside the treatment unit, the treatment space
being able to be penetrated by the emitted electric pulses and
an electric field resulting therefrom, characterized in that a
cell material entering through the inlet into the treatment

space can be moved without contact through the treatment space
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and the electric field penetrating the treatment space to the

outlet.

According to the present invention, the device is suitable for
medical, environmental, food applications, and bio-based indus-
tries (including yeast, bacteria, microalgae, as well as plant
or animal cells and cell tissue production systems, in particu-
lar targeting inactivation, the extraction of biocactive com-
pounds, and/or the stimulation of cell growth and/or cellular
compounds. These applications are described in Buchmann L and
Mathys A (2019), Perspective on Pulsed Electric Field Treatment
in the Bio-based Industry, Front. Bioeng. Biotechnol. 7:265,
doi: 10.3389/fbioe.2019.00265.

According to the present invention, an electrical field is ap-
plied to a cell material located in a container while it passes
without contact through a treatment space in a treatment unit.
As a result, the cell material is subjected to the electric
field without interactions with boundary walls, and thus a more

homogeneous stimulation of cell growth is achieved.

According to the present invention, a non-contact movement (i.e.
“without contact”) is understood to mean that the material un-
dergoing movement does not come into direct contact with bounda-
ry walls (for example, a pipe or a container) during the move-
ment. A non-contact movement according to the present invention
is therefore characterized in that there are no interactions
with boundary walls during the movement and in particular no in-
homogeneous flow profile (in the case of the movement of a lig-
uid, suspension or emulsion) is formed. It is understood, howev-
er, that such interactions may not always be completely avoida-
ble. Thus, according to the present invention “no interactions”

refers to less than 5%, preferably less than 3%, and most pref-
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erably less than 1% of the material undergoing movement inter-

acting with boundary walls.

According to the present invention, basically any material com-
posed of at least one cell, that is, both eukaryotic and prokar-
yotic cells, can be used as the cell material to be treated. The
cell material can be unicellular or multicellular organisms. Ex-
amples would be bacteria, yeasts, microalgae, plant cells, and
fungal cells or their spores, mycelia, seeds or seedlings and
somatic animal cells. Furthermore, multicellular tissues such as
meristems in plants and epithelial or connective tissue in hu-

mans or animals can be treated.

The cell material is usually (but not necessarily) isolated, pu-
rified and/or sterilized in a known manner before being treated
according to the present invention. Preferably, the cell materi-
al can already be propagated in a known manner in suitable and

known culture media to a desired degree before the treatment ac-

cording to the present invention.

The cell material is preferably suspended in an electrically
conductive liquid prior to the treatment according to the pre-
sent invention. Electrically conductive liquids are well known.
According to the present invention, it is necessary to use elec-
trically conductive liquids which have no adverse effects on
cell viability, that is, in particular, are non-toxic. According
to the present invention, water is preferably used as the elec-
trically conductive liquid, wherein the water can be adjusted to
a desired pH value by means of suitable and known additives. Ac-
cording to the present invention, a pH value in the range of 6.0

to 14.0, preferably 7 to 12 is preferred.
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The device according to the present invention is a single-flow
system, i.e. only one inlet for insertion of cell material into
the treatment space of the device of the present invention is

provided.

According to the present invention, the suspensions described
above can be prepared in a conventional manner and stored until
treatment. However, the suspensions can also be provided immedi-

ately before the treatment according to the present invention.

The cell material or a suspension containing the cell material
is passed through the inlet of a treatment unit into a treatment

space which is located inside the treatment unit.

The inlet of the treatment unit is preferably connected to a de-
vice in which the cell material or a suspension containing the
cell material is located. For example, conventional pipelines

can be provided for this connection.

Preferably, a shut-off unit such as a valve or a lock is provid-
ed in or at the inlet or alternatively in the connection de-

scribed above in order to be able to control the introduction of
the cell material or the suspension containing the cell material

into the treatment unit.

According to a preferred embodiment of the present invention,
the inlet comprises a nozzle or the inlet constitutes a nozzle.
It is possible to use nozzles which can conventionally be used
for introducing a medium into a container or defined space. Such

nozzles are known.

With this embodiment, the speed at which the cell material or a

suspension containing the cell material is introduced into the
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treatment unit can be adjusted in a targeted manner. The resi-
dence time of the cell material in the electric field applied to
the treatment space of the treatment unit can thereby be adjust-

ed, in combination with the length of the treatment unit.

The treatment unit into which the cell material to be treated is
introduced through the inlet described above is limited with re-
spect to its shape, structure and dimensions only in that an ap-
plied electric field as described below can sufficiently pene-

trate the treatment unit to achieve the desired treatment of the
cell material in the treatment unit. According to the present

invention, the treatment unit is preferably a container made of
a metallic material or a plastic material (such as polyethylene

terephthalate) .

The treatment unit can have any geometric shape which allows a
non-contact passage of the cell material. Preferably, the treat-

ment unit is a cylindrical body.

A treatment space is provided within the treatment unit, through
which treatment space the cell material passes and 1s thereby

treated with an electric field.

The present invention is characterized by a non-contact passage
of the cell material through the treatment space and the elec-
tric field penetrating the treatment space to an outlet of the
treatment unit. The treatment space therefore has a suitable
size to allow the desired non-contact passage of the cell mate-
rial. According to a preferred embodiment, the treatment unit is
a hollow body, particularly preferably a cylindrical hollow

body, the interior of which constitutes the treatment space.
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The inlet and the outlet are arranged on the treatment unit such
that the above non-contact passage of the cell material can take

place through the treatment space.

According to a preferred embodiment of the present invention,
the passage of the cell material through the treatment space
takes place under the action of the gravitational force. In this
case, the inlet and outlet are to be arranged relative to one
another such that the cell material entering through the inlet
passes to the outlet through the action of the gravitational
force and can escape therefrom out of the treatment unit. Par-
ticularly preferred is an arrangement of inlet and outlet rela-
tive to each other such that the outlet is arranged below the
inlet, so that the outlet is in the fall line of the inlet. In
this case, the inlet is preferably arranged in the top surface,
preferably the center of the top surface, of the treatment unit
and the outlet arranged in the bottom, preferably the center of
the bottom, of the treatment unit. Particularly preferred is
thus an arrangement of inlet and outlet relative to each other,
in which the outlet is located in the fall line of the inlet.
According to the present invention, the fall line is the path
which a body travels in free fall under the influence of the

gravitational force.

An arrangement of the inlet in a side wall of the treatment unit
is also conceivable, through which the cell material enters into
the treatment space at a suitable speed and passes on a defined

path to the outlet.

According to a preferred embodiment of the present invention, a
receiving device is provided in the treatment unit, with which
receiving device the cell material moved through the treatment

space can be supplied to the outlet. The receiving device pro-
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vides an opening which is widened in relation to the opening of
the outlet. For this purpose, the receiving device has an upper
opening with a larger area and a lower opening with a smaller
area, wherein the size of the areas is related to the respective
other opening. According to the present invention, the receiving
device is preferably a funnel-shaped unit having circular open-

ings.

Preferably, the receiving device is arranged in the treatment
space immediately above the outlet, so that the lower opening of
the receiving device is arranged flush with the opening of the
outlet, wherein in particular preferably the lower opening of
the receiving device and the opening of the outlet have the same

area.

According to a preferred embodiment of the present invention,

the treatment space is filled with a dielectric material in or-
der to ensure or improve the penetration of the treatment space
with the applied electric field. Preferably, the dielectric ma-

terial is a gas, more preferably air.

As stated above, the cell material passes through the treatment
space due to the action of the gravitational force of the earth.
However, it i1s also possible to move the cell material in an al-
ternative way without contact in a defined manner through the
treatment space. For example, the device can further have a unit
for generating a magnetic field in the treatment space. The de-
fined movement of charged particles with the aid of an applied
magnetic field and the units which can be used for generating a
magnetic field are known. Also, alternatively the principle of
the Vegas fountain or in general of water fountains can be em-
ployed, where a bundle of narrow channels (e.g. by specifically

designed nozzles allowing for flow control during non-contact
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passage) is utilized to direct and influence the fluid flow in

air.

The cell material is subjected to a treatment by an applied

electric field in the treatment space.

Units for generating and emitting electric pulses are well
known. According to the present invention, devices which can
generate electrical impulses as described below are preferred.
Such devices are known. By way of example, cable pulse genera-
tors, semiconductor-based pulse generators, or relaxation oscil-

lators can be mentioned.

The generated electric pulses are emitted in a treatment space.
This is preferably done by two or more electrodes or plates of a
capacitor arranged parallel to each other, which are arranged
opposite each another having a distance suitable for the genera-
tion of electric pulses. Such arrangements are well known and

need not be explained in detail here.

The electric field to be applied to the treatment space must be
characterized such that it provides for the desired effect, e.g.
that it stimulates the growth of the treated cells. Correspond-
ing electric fields are known from the prior art, for example
from EP-2 308 969 Bl. According to the present invention, an
electric field generated from such electric pulses can be used,
such that a voltage increase takes place between the two elec-
trodes or plates of a capacitor of the device of 10% to 90% of a
target voltage of the electric pulses within a period of 0.1 to
1000 ns, the electric pulses have a pulse duration of 5 ns to
50000 ns, and the electric pulses, upon reaching the target
voltage, have an electric field strength of 0.5 kV/cm to 100
kV/cm.
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The treatment unit having the cell material to be treated is ar-
ranged according to the present invention in the space between
the two electrodes or plates of a capacitor parallel to each

other.

The present invention further relates to a method for treating

cells for stimulating cell growth, preferably performed in a de-

vice as described above, comprising the steps

a) applying an electric field to a treatment space in a treat-
ment unit,

b) introducing cell material through an inlet of the treatment
unit into the treatment space,

c) passing of the cell material without contact through the
treatment space and the electric field penetrating the treat-

ment space to an outlet of the treatment unit.

The method can be performed as already described above.

As stated above, it is preferred that the cell material is pro-
vided as a suspension in a dielectric material in the at least

one container.

As stated above, it is preferred that step c¢) (non-contact pas-
sage of the cell material through the treatment space and the
electric field penetrating the treatment space to an outlet of

the treatment unit) takes place due to gravitational force.

As stated above, it is alternatively possible for step c) (non-
contact passage of the cell material through the treatment space
and the electric field penetrating the treatment space to an
outlet of the treatment unit) takes place by deflection of the

cell material in a magnetic field.
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As stated above, it is further preferred that an electric field
is applied with such electric pulses, so that a voltage increase
takes place between the two electrodes or plates of a capacitor
of the device of 10% to 90% of a target voltage of the electric
pulses within a period of 0.1 to 1000 ns, the electric pulses
have a pulse duration of 5 ns to 50000 ns, and the electric
pulses, upon reaching the target voltage, have an electric field

strength of 0.5 kV/cm to 100 kV/cm.

The present invention further relates to the use of the device
according to the present invention described here suitable for
medical, environmental, food applications, and bio-based indus-
tries (including yeast, bacteria, microalgae, as well as plant
or animal cells and cell tissue production systems, in particu-
lar targeting inactivation, the extraction of biocactive com-
pounds, and/or the stimulation of cell growth and/or cellular
compounds. These applications are described in Buchmann L and
Mathys A (2019), Perspective on Pulsed Electric Field Treatment
in the Bio-based Industry, Front. Bioeng. Biotechnol. 7:265,
doi: 10.3389/fbice.2019.00265.

The present invention is explained below by way of non-limiting

examples and figures. Shown are:

Fig. 1 a schematic representation of an embodiment of the de-

vice of the present invention.

Fig. 1 shows a schematic representation of an embodiment of the
device (1) of the present invention for treating cells for stim-

ulating cell growth.
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The device has a unit (2) for generating and emitting electric
pulses, for example, a pulse generator. The unit (2) is electri-
cally connected to two electrodes (2a, 2b). A here cylindrical
treatment unit (3) having a treatment space (4) in its interior
is located between the two electrodes (2a, 2b), to which treat-
ment space electric pulses generated by the unit (2) are ap-

plied.

An inlet (3a) 1is arranged on the top surface of the treatment
unit (3) according to this embodiment, preferably in the center
of the top surface of the treatment unit (3). An outlet (3b) is
arranged on the bottom surface of the treatment unit (3) accord-
ing to this embodiment, preferably in the center of the bottom
surface of the treatment unit (3). According to this embodiment,
the outlet (3b) is arranged in the fall line of a cell material
which enters into the treatment unit (3) through the inlet (3a)
and passes through the treatment space (4) due to gravitational

force.

A here funnel-shaped receiving device (5) is arranged in the
treatment space (4). The receiving device (5) 1s arranged ac-
cording to the embodiment shown here in the treatment space (4)
immediately above the outlet (3b), so that the lower opening of
the receiving device (5) 1s arranged flush with the (not shown
here) opening of the outlet (3b). According to the embodiment
shown here, the lower opening of the receiving device (5) and

the opening of the outlet (3b) have the same area.
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Patent claims

A device (1), comprising a unit (2) for generating and
emitting electric pulses, and a treatment unit (3) having
an inlet (3a) and an outlet (3a), wherein a treatment space
(4) is formed inside the treatment unit (3), the treatment
space (4) being able to be penetrated by the emitted elec-
tric pulses and an electric field resulting therefrom,
characterized in that a cell material entering through the
inlet (3a) into the treatment space (4) can be moved with-
out contact through the treatment space (4), i.e. there are
no interactions of the cell material with boundary walls of
the treatment space (3) during the movement, and the elec-
tric field penetrating the treatment space (4) to the out-

let (3b).

The device according to claim 1, characterized in that a
receiving device (5) is provided in the treatment unit (3),
with which receiving device (5) the cell material moved
through the treatment space (4) can be supplied to the out-
let (3b).

The device according to claim 2, characterized in that the

receiving device (5) is a funnel-shaped treatment unit.

The device according to any one of claims 1 to 3, charac-

terized in that the inlet (3a) comprises a nozzle.

The device according to any one of claims 1 to 4, charac-
terized in that the treatment space (4) is filled with a

dielectric material.
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The device according to claim 5, characterized in that the
dielectric material is a gas, preferably air.

The device according to any one of claims 1 to 6, charac-
terized in that the outlet (3b) is arranged below the inlet
(3a), so that the outlet (3b) is located in the fall line
of the inlet (3a).

The device according to any one of claims 1 to 7, charac-

terized in that the device (1) is a single-flow system.

The device according to any one of claims 1 to 8, charac-
terized in that the device (1) further has a unit for gen-

erating a magnetic field in the treatment space (4).

The device according to any one of claims 1 to 9, charac-
terized in that the unit (2) for generating and emitting
electric pulses comprises two or more electrodes (2a, 2b)
or plates of a capacitor and can generate electric pulses,
so that a voltage increase take place between the two or
more electrodes (2a, 2b) of 10% to 90% of a target voltage
of the electric pulses within a period of 0.1 to 1000 mns,
the electric pulses have a pulse duration of 5 ns to 50000
ns, and the electric pulses, upon reaching the target volt-
age, have an electric field strength of 0.5 kV/cm to 100
kv/cm.

A method for treating cells for targeted inactivation, the
extraction of bioactive compounds, and the stimulation of
cell growth and/or cellular compounds, preferably performed
in a device (1) according to any one of claims 1 to 10,
comprising the steps

a) applying an electric field to a treatment space (4) in a

treatment unit (3),
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b) introducing cell material through an inlet (3a) of the
treatment unit (3) into the treatment space (4),

c) passing of the cell material without contact through the
treatment space (4), i.e. there are no interactions of
the cell material with boundary walls of the treatment
space (3) during the movement, and the electric field
penetrating the treatment space (4) to an outlet (3b) of

the treatment unit (3).

The method according to claim 11, characterized in that the
cell material is provided as a suspension in a dielectric

material.

The method according to claim 11 or 12, characterized in

that the step c¢) takes place due to gravitational force.

The method according to claim 11 or 12, characterized in
that the step c¢) takes place by deflecting the cell materi-

al in a magnetic field.

The method according to any one of claims 11 to 14, charac-
terized in that an electric field is applied with such
electric pulses, so that a voltage increase takes place be-
tween the two electrodes (2a, 2b) or plates of a capacitor
of 10% to 90% of a target voltage of the electric pulses
within a period of 0.1 to 1000 ns, the electric pulses have
a pulse duration of 5 ns to 50000 ns, and the electric
pulses, upon reaching the target voltage, have an electric

field strength of 0.5 kV/cm to 100 kV/cm.



