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CELL SETTLER APPARATUS SYSTEMS AND METHODS FOR PERFUSION
PROCESSES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application No. 62/848,012,
filed May 15, 2019. The entire contents of this application are hereby incorporated herein

by reference.

BACKGROUND

[0002] The bioproduction industry makes use of both batch fed and perfusion processes to
culture cells and harvest cell related products. Perfusion methods necessitate a way to
siphon off a portion of a cell culture contained within a bioreactor and separate cells from

waste which creates a variety of technical hurdles.

[0003] Commercially available separation systems include filters which are prone to
fouling, acoustics devices that can generate heat that can be harmful to cells, and

centrifugation which can generate shear stress that can damage cells.

[0004] What is needed is a simple, low-cost system and method that does not suffer from
any of the disadvantages described above. Gravity based cell separation devices, systems,
and methods are disclosed herein that address the disadvantages of the listed existing

technologies in the field.
BRIEF SUMMARY

[0005] In one aspect, a perfusion bioproduction system with gravity driven cell separator is
disclosed. The system may include a bioreactor and a gravity driven cell separator
fluidically connected to the bioreactor. The gravity driven cell separator may include a
chamber divided by a membrane into a first compartment and a second compartment, the
first compartment adapted to receive a suspension with cells from the bioreactor through an
inlet and deliver a clarified liquid to a first outlet and a concentrated suspension to a second
outlet, the second compartment adapted to receive a gas from an entry and deliver the gas to
an exit, wherein as the gas travels from the entry to the exit at least some gas permeates the
membrane to provide the cells with nutrients. In some embodiments, a portion of the
concentrated suspension is directed back to the bioreactor and a portion of the clarified
liquid is directed to a collection chamber. In some embodiments, a product is harvested from
the clarified liquid. In some embodiments, the product includes a protein, antibody, or

enzyme. In some embodiments, the bioreactor includes a reaction vessel configured to mix
1
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and aerate a suspension, an outlet connected to the reaction vessel and a tube extending from
the outlet on the reaction vessel to the inlet of the gravity driven cell separator for sending
the suspension from the bioreactor to the gravity driven cell separator, and an inlet
connected to the reaction vessel and a tube extending from the inlet of the reaction vessel to
the outlet of the gravity driven cell separator for receiving the concentrated suspension from
the gravity driven cell separator. In some embodiments, the concentration of cells in the
clarified liquid is less than the concentration of cells in the suspension and the concentration
of cells in the suspension is less than the concentration of cells in the concentrated
suspension. In some embodiments, the membrane is stabilized by a support structure having
a plurality of openings and the support structure is joined to the chamber. In some
embodiments, the nutrients include oxygen. Some embodiments include a heating element
operably connected to the chamber. Some embodiments include a cooling element operably
connected to the chamber. Some embodiments include, a temperature sensor disposed within

the chamber.

[0006] In one aspect, gravity driven cell separating system is disclosed. Some
embodiments may include a bioreactor, a cell separating device having a first planar face
and a second planar face joined by a plurality of sides, wherein the cell separating device is
tilted on two axes relative to a gravitational vector, a first chamber formed between the first
planar face and a membrane and bounded by the sides, wherein the first chamber includes an
inlet adjacent to a side and a first outlet adjacent to a first end of an opposing side and a
second outlet adjacent to a second end of the opposing side, wherein a suspension enters the
inlet, a clarified liquid exits the first outlet and a concentrated suspension exists the second
outlet, and a second chamber formed between the second planar face and the membrane and
bounded by the four sides, wherein the second chamber includes an entry adjacent to the
opposing side and an exit adjacent to the side, wherein a gas enters the entry and travels to
the exit and at least some of the gas passes through the membrane to provide nutrients to
cells in the suspension in the first rectangular chamber. In some embodiments, the nutrients
include oxygen. In some embodiments, the chamber includes a support structure for
supporting the membrane, the support structure having a plurality of openings. In some
embodiments, a heating element is positioned on the chamber. In some embodiments, a
cooling element is positioned on the chamber. In some embodiments, a sensor detects the

temperature within the chamber.

[0007] In one aspect, method of concentrating particles in a bioproduction process is

disclosed. In some embodiments the steps in the method may include directing a suspension

2
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from a bioreactor to a first compartment of a gravity driven particle separator, passing the
suspension through the first compartment, and passing a gas from a second compartment of
the gravity driven particle separator through a membrane to the first compartment to provide
nutrients to cells in the suspension. Some embodiments further comprise the step of
concentrating the cells into a concentrated suspension. Some embodiments further comprise
the step of directing a clarified liquid to a first outlet and the concentrated suspension to a
second outlet. Some embodiments further comprise the step of directing a portion of the
concentrated suspension back to the bioreactor. Some embodiments further include the step
of cooling the gravity driven particle separator. Some embodiments further include the step

of heating the gravity driven particle separator.

[0008] In one aspect, a method of setting up and operating a gravity driven cell separator is
disclosed. In various embodiments, the steps may include tilting a gravity driven cell
separator along a first axis on a Cartesian coordinate system to create an angle of alpha,
tilting a gravity driven cell separator along a second axis on a Cartesian coordinate system to
create an angle of beta, securing the gravity driven cell separator to a stand at angles alpha
and beta, directing a suspension from a bioreactor to a first compartment of the gravity
driven particle separator, passing the suspension through the gravity driven particle
separator, and passing a gas from a second compartment of the gravity driven particle
separator through a membrane to provide nutrients to cells in the suspension. In some

embodiments, the nutrients include oxygen.

[0009] In one aspect, a method of providing nutrients to cells during sedimentation in a
gravity driven cell separator is disclosed. In some embodiments, the steps in the method may
include providing a chamber divided by a membrane into a first compartment and a second
compartment, directing a suspension having cells from a bioreactor to the first compartment,
wherein the suspension travels from a higher elevation to a lower elevation within the first
compartment, directing a gas through the second compartment, and passing some of the gas
from the second compartment and through the membrane to provide nutrients to cells in the
suspension in the first compartment. In some embodiments, the membrane is supported by a

support structure having a plurality of openings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0010] To easily identify the discussion of any particular element or act, the most
significant digit or digits in a reference number refer to the figure number in which that

element is first introduced.
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[0011] FIG. 1 illustrates a perfusion bioproduction system 100 in accordance with various

embodiment.

[0012] FIG. 2 illustrates an isometric view of a cell separator 102 in accordance with
various embodiment.

[0013] FIG. 3 illustrates a cross sectional view of a cell separator 102 in accordance with
various embodiment.

[0014] FIG. 4 illustrates membrane materials 400 and their associated properties in
accordance with various embodiment.

[0015] FIG. 5 illustrates a schematic view of a cell separator 500 tilted or rotated about one
axis in accordance with one embodiment.

[0016] FIG. 6 illustrates a schematic view of a cell separator 600 tilted or rotated about two

axes in accordance with one embodiment.
[0017] FIG. 7 illustrates a cell separator 700 in accordance with one embodiment.
[0018] FIGS. 8 - 12 illustrate a variety of cell separator designs 802 that were investigated.

[0019] FIGS. 13 - 15 illustrate cell separator design details 1302 corresponding to the cell
separator designs 802 depicted in FIGS. § - 12.

[0020] FIG. 16 illustrates results 1600 obtained that correspond to the cell separator
designs 802 depicted in FIGS. 8 - 12.

[0021] FIG. 17 illustrates a gravity based cell separation device according to the prior art.
[0022] FIG. 18 illustrates a method according to various embodiments.
[0023] FIG. 19 illustrates a method according to various embodiments.

[0024] FIG. 20 illustrates a method according to various embodiments.

DETAILED DESCRIPTION

[0025] Embodiments of systems, methods, and apparatuses for gravity based cell
separators used in perfusion and harvest processes are described in the accompanying
description and figures. In the figures, numerous specific details are set forth to provide a
thorough understanding of certain embodiments. A skilled artisan will be able to appreciate
that the systems and methods described herein may be used for a variety of applications
including, but not limited to cell culture, perfusion bioprocesses, harvest, and a variety of
processes that benefit from cell separation from suspension. Additionally, the skilled artisan
will appreciate that certain embodiments may be practiced without these specific details.

Furthermore, one skilled in the art will readily appreciate that the specific sequences in
4
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which methods are presented and performed are illustrative and it is contemplated that the

sequences may be varied and still remain within the spirit and scope of certain embodiments.

[0026] While the present teachings are described in conjunction with various embodiments,
it is not intended that the present teachings be limited to such embodiments. On the contrary,
the present teachings encompass various alternatives, modifications, and equivalents, as will

be appreciated by those of skill in the art.

[0027] Furthermore, in the described various embodiments, the specification may have
presented a method and/or process as a particular sequence of steps. However, to the extent
that the method or process does not rely on the particular order of steps set forth herein, the
method or process should not be limited to the particular sequence of steps described. As
one of ordinary skill in the art would appreciate, other sequences of steps may be possible.
Therefore, the particular order of the steps set forth in the specification should not be
construed as limitations on the claims. In addition, the claims directed to the method and/or
process should not be limited to the performance of their steps in the order written, and one
skilled in the art will readily appreciate that the sequence may be varied and still remain

within the spirit and scope of the various embodiments.

[0028] While preferred embodiments have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will now occur to those skilled in the
art without departing from the invention. It should be understood that various alternatives to
the embodiments of the apparatuses, systems, and methods described herein may be

employed.

[0029] Figure 1 illustrates a perfusion bioproduction system 100 according to various
embodiments. The perfusion bioproduction system 100 may include a cell separator 102, a
bioreactor 104, a collection vessels 106, an entry tube 108, exit tubes 110, pumps 112, a cell

suspension 114, a mixer 116, and a stand 118.

[0030] In various embodiments, a bioreactor 104 may be fluidically coupled to a cell
separator 102 through an entry tube 108 for transfer of a cell suspension 114 containing
biological cells. The cell separator 102 may be oriented in such a way that the cell
suspension 114 may move through the cell separator 102 using gravity as a motive force. In
various embodiments, as the cell suspension 114 travels through the cell separator 102 and a
concentrated cell suspension 114 may exit the cell separator 102 through one of the exit

tubes 110 and a clarified solution may exit through another one of the exit tubes 110. In
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some embodiments, the concentrated cell suspension 114 may be returned to the bioreactor
104 to produce more of a desired product with added cell nutrients being provided to the
bioreactor 104. In some embodiments, the cells within the cell suspension 114 may travel
through the cell separator 102 one, two, three, or many more times depending on the

application.

[0031] In various embodiments, the bioreactor 104 may include a mixer 116. In various
embodiments, the mixer 116 may include a rotatable mixing element, a rocker, an airlift

system, or a shaker.

[0032] In various embodiments, the cell separator 102 may be secured to a stand 118. The
cell separator 102 and stand 118 may be configured such that the cell separator 102 can be
secured at various angular orientations along a Cartesian [x, y, and z] coordinate system. In
various embodiments, the stand may include a hinge and be rotatable on one or two axes. In
some embodiments, the hinge may include a ball joint and be rotatable about any three

dimensional axis.

[0033] In various embodiments, the collection vessels 106 may be one or more bioreactors.
In various embodiments, one or more of the collection vessels 106 may be a chromatography

column.

[0034] In various embodiments, the cell suspension 114 may include beads and cells may
be attached to the beads. In various embodiments, the perfusion bioproduction system 100

may be optimized for separation of beads or cells.

[0035] Figures 2 illustrates an isometric view and Figure 3 illustrate side view of a cell
separator 102 according to various embodiments. The cell separator 102 may include a
chamber 202, a membrane 204, a suspension inlet 206, a concentrated suspension outlet 208,
a clarified liquid outlet 210, a gas inlet 212, a gas outlet 214, a support structure 302, a gas

compartment 306, and a liquid compartment 304.

[0036] In various embodiments, the cell separator 102 is designed such that the suspension
inlet 206 is elevated above both the concentrated suspension outlet 208 and the clarified
liquid outlet 210 and the clarified liquid outlet 210 may be positioned at a greater elevation
than the concentrated suspension outlet 208. In some embodiments, such an orientation may
be achieved by raising the end of the cell separator 102 having the suspension inlet 206 and

rotating the cell separator 102 about its center axis.

[0037] In various embodiments, a cell suspension 114 may enter the chamber 202 of the

cell separator 102 through the suspension inlet 206 which may then allow the cell

6
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suspension 114 to travel downward toward the concentrated suspension outlet 208 and the
clarified liquid outlet 210. In various embodiments, having the clarified liquid outlet 210 at
a higher elevation than the concentrated suspension outlet 208 outlet assists with cell

separation efficiency.

[0038] In various embodiments, the gas inlet 212 may be at a lower elevation than the gas
outlet 214. Such a configuration allows a gas to travel through the chamber 202 and exit

through a gas outlet 214.

[0039] In various embodiments, the cell separator 102 may include a chamber 202 that may
be separated by a membrane 204 to form a liquid compartment 304 and a gas compartment
306. In various embodiments, at least some of the gas may pass from the gas compartment
306 and through the membrane 204 into the liquid compartment 304 to provide nutrients
such as oxygen to cells within the cell suspension 114. In various embodiments, the gas
travels against gravity and the cell suspension 114 travels with gravity. In various

embodiments, the gas may be provided by a gas supply system (not shown).

[0040] In various embodiments, the membrane 204 may be supported by a support
structure 302. In various embodiments, the material for the membrane 204 may be selected
for a specific application. Figure 4 illustrates a variety of materials that may be used to
create the membrane 204 having different oxygen permeability and mass transfer
resistances. A skilled artisan will appreciate that there are many commercially available

options for membrane 204 materials.

[0041] In various embodiments, a temperature element 308 may be attached to the chamber
202 of the cell separator 102 by weld, adhesion, or any other known method of attachment.
The temperature element 308 may include a cooling element, a heating element, and/or a
temperature sensor. The temperature element 308 may be part of a feedback system to
maintain an optimal temperature for a given application. For example, if the desired result is
to lower cellular metabolism the chamber 202 may be kept cool or if the desired result to
maintain healthy, growing cells a higher temperature may be maintained that is optimized

for cell growth.

[0042] In various embodiments, the membrane 204 may be supported by a support
structure 302 having a plurality of openings 216 where the openings 216 provide a direct
way for the gas compartment 306 and liquid compartment 304 to interact through the
membrane 204 and the solid portions of the support structure 302 provide physical support

to the membrane 204, thereby, holding the membrane 204 in place.
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[0043] In various embodiments, the support structure 302 is a contiguous piece of the
chamber 202. In various embodiments, the support structure 302 may be welded or adhered
to the chamber. In various embodiments, the membrane 204 may rest on the support
structure 302. In various embodiments, the membrane 204 may be physically restrained to

the support structure 302 or adhered or welded to the support structure 302.

[0044] In various embodiments, the membrane 204 allows for mass transfer between the
gas compartment 306 and the liquid compartment 304 which may include CO2 removal and
02 addition to the liquid compartment 304. In various embodiments, nutrients can further

include oxygen, CO2, or anything else the cells in the cell suspension 114 may require.

[0045] Figure 5 illustrates a cell separator 500 according to various embodiments. As
shown, the cell separator 500 may be tilted at an angle alpha on a length axis (x-axis) which
reduces the overall surface area through which gas can permeate the membrane and also
increases the gravitation force acting on the cell suspension. As angle alpha increases the
cell suspension may move faster through the cell separator 500 to reduce processing time,

however, the separation efficiency may be reduced.

[0046] Figure 6 illustrates a cell separator 600 according to various embodiments. As
shown, the cell separator 600 may be tilted at an angle alpha on a length axis (x-axis) and
angle beta on a width axis (z-axis). In various embodiments, changing the angle on two axes
instead of one may increase the gravitational influence on the cell suspension while
mitigating the reduced oxygenation as gas passes through the membrane. In various
embodiments, it may be favorable for angle alpha to be greater than angle beta. In various

embodiments, angle alpha may be about 45 degrees and angle beta may be about 30 degrees.

[0047] Figure 7 illustrates a cell separator 700 according to various embodiments. As
shown, the cell separator 700 in Figure 7 is triangular and the previous depictions are
rectangular. In some embodiments, the triangular format may achieve the same or similar

cell separation efficiency while reducing material requirements.

[0048] Figures 8-12 illustrate a variety of cell separator designs 802 that were investigated.
Figures 13-15 illustrate a set of cell separator design details 1302 that correspond to the
designs shown in Figures 8-12. Figure 16 illustrates results from data that was collected
relating to each of designs 1-18.

[0049] Figure 16 illustrates a perfusion system 1600 according to various embodiments. In

various embodiments, the perfusion system may include a bioreactor 1601 capable of mixing

a cell suspension 1602 using a mixer 1603 or impeller. In various embodiments, the cell
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suspension 1602 may exit the bioreactor 1601 and enter a separation device 1604 which may
then separate the cell suspension 1602 into a concentrated cell suspension 1605 and a
clarified liquid 1606. In some embodiments, the clarified liquid 1606 may contain a product
to be harvested and in some embodiments the concentrated cell suspension 1605 may be
transferred back into the bioreactor 1601 to continue production of the product. In some
embodiments the separation device is a filter, centrifuge, or the gravity based cell settlor /

separation device disclosed here.

[0050] Figure 17 illustrates a prior art embodiment of a separation device 1700.
Traditionally, a cell suspension 1702 would enter from the bottom of a settlor chamber 1701
and travel along a primary flow direction 1703. Settling cells 1704 would then start to drop
out of the primary flow direction and drop back down toward an exit point for the
concentrated cell suspension 1705. Clarified liquid 1706 would exit out the top of the settlor
chamber 1701.

[0051] Figure 18 illustrates a method of using a gravity driven particle separator 1800
according to various embodiments. Some embodiments include the step of directing a
suspension from a bioreactor to a first compartment of a gravity driven particle separator
1802. Some embodiments include the step of passing the suspension through the first
compartment 1804. Some embodiments include the step of passing a gas from a second
compartment of the gravity driven particle separator through a membrane to the first
compartment to provide nutrients to cells in the suspension 1806. Some embodiments
include the step of concentrating the cells into a concentrated suspension. Some
embodiments include the step of directing a clarified liquid to a first outlet and the
concentrated suspension to a second outlet. Some embodiments include the step of directing
a portion of the concentrated suspension back to the bioreactor. Some embodiments include
the step of cooling the gravity driven particle separator. Some embodiments include the step

of heating the gravity driven particle separator.

[0052] Figure 18 illustrates a method of setting up and operating a gravity driven cell
separator 1900 according to various embodiments. Some embodiments include the step of
tilting a gravity driven cell separator along a first axis on a Cartesian coordinate system to
create an angle of alpha 1902. Some embodiments include the step of tilting a gravity driven
cell separator along a second axis on a Cartesian coordinate system to create an angle of
beta 1904. Some embodiments include the step of securing the gravity driven cell separator
to a stand at angles alpha and beta 1906. Some embodiments include the step of directing a

suspension from a bioreactor to a first compartment of the gravity driven particle separator

9
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1908. Some embodiments include the step of passing the suspension through the gravity
driven particle separator 1910. Some embodiments include the step of passing a gas from a
second compartment of the gravity driven particle separator through a membrane to provide

nutrients to cells in the suspension 1912. In some embodiments the nutrients include oxygen.

[0053] Figure 20 illustrates a method of providing nutrients to cells during sedimentation
in a gravity driven cell separator according to various embodiments. Some embodiments
include the step of providing a chamber divided by a membrane into a first compartment and
a second compartment 2002. Some embodiments include the step of directing a suspension
having cells from a bioreactor to the first compartment, wherein the suspension travels from
a higher elevation to a lower elevation within the first compartment 2004. Some
embodiments include the step of directing a gas through the second compartment 2006.
Some embodiments include the step of passing some of the gas from the second
compartment and through the membrane to provide nutrients to cells in the suspension in the
first compartment 2008. In some embodiments, the nutrients include oxygen. In some
embodiments, the membrane is supported by a support structure having a plurality of
openings.

[0054] While the present teachings are described in conjunction with various embodiments,
it is not intended that the present teachings be limited to such embodiments. On the contrary,
the present teachings encompass various alternatives, modifications, and equivalents, as will

be appreciated by those of skill in the art.

[0055] Further, in describing various embodiments, the specification may have presented a
method and/or process as a particular sequence of steps. However, to the extent that the
method or process does not rely on the particular order of steps set forth herein, the method
or process should not be limited to the particular sequence of steps described. As one of
ordinary skill in the art would appreciate, other sequences of steps may be possible.
Therefore, the particular order of the steps set forth in the specification should not be
construed as limitations on the claims. In addition, the claims directed to the method and/or
process should not be limited to the performance of their steps in the order written, and one
skilled in the art will readily appreciate that the sequences may be varied and still remain

within the spirit and scope of the various embodiments.

10
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CLAIMS
What is claimed is:

1. A perfusion bioproduction system with gravity driven cell separator, comprising:
a bioreactor; and
a gravity driven cell separator fluidically connected to the bioreactor, the gravity
driven cell separator including:
a chamber divided by a membrane into a first compartment and a second
compartment, the first compartment adapted to receive a suspension with cells from
the bioreactor through an inlet and deliver a clarified liquid to a first outlet and a
concentrated suspension to a second outlet, the second compartment adapted to
receive a gas from an entry and deliver the gas to an exit,
wherein as the gas travels from the entry to the exit at least some gas

permeates the membrane to provide the cells with nutrients.

2. The perfusion bioproduction system with gravity driven cell separator of claim 1 wherein
a portion of the concentrated suspension is directed back to the bioreactor and a portion of

the clarified liquid is directed to a collection chamber.

3. The perfusion bioproduction system with gravity driven cell separator of claim 2 wherein

a product is harvested from the clarified liquid.

4. The perfusion bioproduction system with gravity driven cell separator of claim 3 wherein

the product includes a protein, antibody, or enzyme.

5. The perfusion bioproduction system with gravity driven cell separator of claim 2 wherein
the bioreactor includes:

a reaction vessel configured to mix and aerate a suspension;

an outlet connected to the reaction vessel and a tube extending from the outlet on the
reaction vessel to the inlet of the gravity driven cell separator for sending the suspension
from the bioreactor to the gravity driven cell separator; and

an inlet connected to the reaction vessel and a tube extending from the inlet of the
reaction vessel to the outlet of the gravity driven cell separator for receiving the

concentrated suspension from the gravity driven cell separator.

11
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6. The perfusion bioproduction system with gravity driven cell separator of claim 1 wherein
the concentration of cells in the clarified liquid is less than the concentration of cells in the
suspension and the concentration of cells in the suspension is less than the concentration of

cells in the concentrated suspension.

7. The perfusion bioproduction system having a gravity driven cell separator of claim 1
wherein the membrane is stabilized by a support structure having a plurality of openings and

the support structure is joined to the chamber.

8. The perfusion bioproduction system with gravity driven cell separator of claim 1 wherein

the nutrients include oxygen.

9. The perfusion bioproduction system with gravity driven cell separator of claim 1 further

including a heating element operably connected to the chamber.

10. The perfusion bioproduction system with gravity driven cell separator of claim 1 further

including a cooling element operably connected to the chamber.

11. The perfusion bioproduction system with gravity driven cell separator of claim 1 further

including a temperature sensor disposed within the chamber.

12. A gravity driven cell separating system, comprising:

a bioreactor;

a cell separating device having a first planar face and a second planar face joined by
a plurality of sides, wherein the cell separating device is tilted on two axes relative to a
gravitational vector;

a first chamber formed between the first planar face and a membrane and bounded by
the sides, wherein the first chamber includes an inlet adjacent to a side and a first outlet
adjacent to a first end of an opposing side and a second outlet adjacent to a second end of
the opposing side, wherein a suspension enters the inlet, a clarified liquid exits the first
outlet and a concentrated suspension exists the second outlet; and

a second chamber formed between the second planar face and the membrane and
bounded by the four sides, wherein the second chamber includes an entry adjacent to the
opposing side and an exit adjacent to the side, wherein a gas enters the entry and travels to
the exit and at least some of the gas passes through the membrane to provide nutrients to

cells in the suspension in the first rectangular chamber.

12
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13. The gravity driven cell separating system of claim 12 wherein nutrients include oxygen.

14. The gravity driven cell separating system of claim 12 wherein the chamber includes a
support structure for supporting the membrane, the support structure having a plurality of

openings.

15. The gravity driven cell separating system of claim 12 wherein a heating element is

positioned on the chamber.

16. The gravity driven cell separating system of claim 12 wherein a cooling element is

positioned on the chamber.

17. The gravity driven cell separating system of claim 12 wherein a sensor detects the

temperature within the chamber.

18. A method of concentrating particles in a bioproduction process, comprising the steps of:
directing a suspension from a bioreactor to a first compartment of a gravity driven
particle separator;
passing the suspension through the first compartment; and
passing a gas from a second compartment of the gravity driven particle separator

through a membrane to the first compartment to provide nutrients to cells in the suspension.

19. The method of claim 18 further comprising the step of concentrating the cells into a

concentrated suspension.

20. The method of claim 19 further comprising the step of directing a clarified liquid to a

first outlet and the concentrated suspension to a second outlet.

21. The method of claim 20 further comprising the step of directing a portion of the

concentrated suspension back to the bioreactor.

22. The method of claim 18 wherein the method further includes the step of cooling the

gravity driven particle separator.

23. The method of claim 18 wherein the method further includes the step of heating the

gravity driven particle separator.

24. A method of setting up and operating a gravity driven cell separator, comprising the

steps of:

13
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tilting a gravity driven cell separator along a first axis on a Cartesian coordinate
system to create an angle of alpha;

tilting a gravity driven cell separator along a second axis on a Cartesian coordinate
system to create an angle of beta;

securing the gravity driven cell separator to a stand at angles alpha and beta;

directing a suspension from a bioreactor to a first compartment of the gravity driven
particle separator;

passing the suspension through the gravity driven particle separator; and

passing a gas from a second compartment of the gravity driven particle separator

through a membrane to provide nutrients to cells in the suspension.
25. The method of claim 24 wherein nutrients includes oxygen.

26. A method of providing nutrients to cells during sedimentation in a gravity driven cell
separator, comprising the steps of:

providing a chamber divided by a membrane into a first compartment and a second
compartment;

directing a suspension having cells from a bioreactor to the first compartment,
wherein the suspension travels from a higher elevation to a lower elevation within the first
compartment;

directing a gas through the second compartment; and

passing some of the gas from the second compartment and through the membrane to

provide nutrients to cells in the suspension in the first compartment.
27. The method of claim 26 wherein nutrients includes oxygen.

28. The method of claim 26 wherein the membrane is supported by a support structure

having a plurality of openings.

14
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