comprise at least about 100 L serum-free cell culture perfusion medium, preferably at least
about 1000 L serum-free cell culture perfusion medium. Preferably the cell culture has a
volume of at least about 100 L and/or the bioreactor has a volume of at least about 100 L.
More preferably the cell culture has a volume of at least about 1000 L and/or the bioreactor

has a volume of at least about 1000 L.

[024] The disclosure relates to a serum-free cell culture perfusion medium obtainable by

the method according to the disclosure.

[025] The disclosure relates to a method of culturing mammalian cells expressing a
heterologous protein in perfusion culture, comprising: (a) inoculating a bioreactor with
mammalian cells expressing a heterologous protein in a serum-free cell culture medium; (b)
culturing the mammalian cells in a perfusion culture by continuously feeding the mammalian
cells with a serum-free cell culture perfusion medium feed and removing spent media while
keeping the cells in culture, wherein the serum-free cell culture perfusion medium feed is (i) a
compartmentalized serum-free cell culture perfusion medium comprising the medium
components subgrouped into at least three separate aqueous concentrated feeds and a
diluent, wherein the first concentrated feed is an alkaline concentrated feed, the second
concentrated feed is an acidic concentrated feed and the third concentrated feed is a near
neutral concentrated feed; and wherein the compartmentalized serum-free cell culture
perfusion medium is pH-adjusting to neutral pH upon mixing of the at least three separate
aqueous concentrated feeds and the diluent in the resulting serum-free cell culture perfusion
medium; and/or (ii) the serum-free cell culture perfusion medium obtainable by the method
according to the disclosure, and wherein the alkaline concentrated feed, the acidic
concentrated feed and the near neutral concentrated feed of the compartmentalized serum-
free cell culture perfusion medium feed are added separately to the cell culture and/or the
reaction vessel of the bioreactor and wherein the diluent is added separately to the cell culture
and/or the reaction vessel of the bioreactor or the diluent is premixed with one of the at least
three separate aqueous concentrated feeds immediately before addition to the cell culture
and/or the reaction vessel of the bioreactor. The method typically further comprises harvesting

the heterologous protein from the cell culture.



[025a] In another aspect, the present disclosure relates to a method of culturing
mammalian cells expressing a heterologous protein in perfusion culture, comprising: (a)
inoculating a bioreactor with mammalian cells expressing a heterologous protein in a serum-
free cell culture medium; (b) culturing the mammalian cells in a perfusion culture by
continuously feeding the mammalian cells with a serum-free cell culture perfusion medium
feed and removing spent media while keeping the cells in culture, wherein the serum-free cell
culture perfusion medium feed is a compartmentalized serum-free cell culture perfusion
medium comprising the medium components subgrouped into at least three separate
aqueous concentrated feeds and a diluent, wherein the first concentrated feed is an alkaline
concentrated feed, the second concentrated feed is an acidic concentrated feed and the third
concentrated feed is a near neutral concentrated feed; and wherein the compartmentalized
serum-free cell culture perfusion medium is pH-adjusting to neutral pH upon mixing of the at
least three separate aqueous concentrated feeds and the diluent in the resulting serum-free
cell culture perfusion medium, and wherein the alkaline concentrated feed, the acidic
concentrated feed and the near neutral concentrated feed of the compartmentalized serum-
free cell culture perfusion medium feed are added separately to the cell culture and/or the
reaction vessel of the bioreactor and wherein the diluent is added separately to the cell culture
and/or the reaction vessel of the bioreactor or the diluent is premixed with one of the at least
three separate aqueous concentrated feeds immediately before addition to the cell culture

and/or the reaction vessel of the bioreactor.

[026] The mammalian cells may initially be cultured as a batch culture before perfusion
culture is started and/or perfusion culture starts from days 0 to day 3 of the culture, i.e., post-

inoculation. Typically the perfusion rate increases after perfusion has started until a target
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[035] Also provided is a use of the compartmentalized serum-free cell culture perfusion
medium according to the disclosure or the serum-free cell culture perfusion medium
obtainable by the method according to the disclosure for culturing mammalian cells,
particularly for culturing mammalian cells in a perfusion culture. In another aspect the
disclosure relates to use of the compartmentalized serum-free cell culture perfusion medium
according to the disclosure for culturing mammalian cells. In another aspect the disclosure
relates to use of the compartmentalized serum-free cell culture perfusion medium according
to the disclosure for culturing mammalian cells in a perfusion culture. In certain examples, the

cell specific
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perfusion rate (pl/cell/day) is reduced by at least 30% relative to the cell specific perfusion rate
of a 1 x serum-free cell culture medium. In another aspect the disclosure relates to use of the
compartmentalized serum-free cell culture perfusion medium according to the disclosure for
separate addition of the at least three separate aqueous concentrated feeds to a cell culture

and/or a reaction vessel of a bioreactor.

[036] Furthermore the disclosure provides using the compartmentalized serum-free cell
culture perfusion medium according to the disclosure or the serum-free cell culture perfusion
medium obtainable by the method according to the disclosure for controlling osmolality in a
perfusion cell culture. In another aspect the disclosure relates to use of the compartmentalized
serum-free cell culture perfusion medium according to the disclosure for controlling osmolality
in a perfusion cell culture. Increasing the osmolality in the cell culture suppresses cell growth
and increases heterologous protein production. The yield of the heterologous protein
produced in the cell culture is increased by at least 5-50% relative to the yield in a control cell
culture, wherein the osmolality is not increased. In one example growth suppression is

sufficient to maintain a sustainable viable cell density without cell bleeding.

BRIEF DESCRIPTION OF THE DRAWINGS

[037] Figure 1. Bioreactor and feed set-up illustrating separate inlet additions of: acidic,

basic, and neutral feeds, and diluent.

[038] Figure 2. Reactor volume exchanges or Perfusion rate over time, given in liter of
the media (Lmedia) per liter of the bioreactor (Lvr) and day, for an example of a typical operating
perfusion rate for perfusion cultures with a feeding strategy using the combination of three
media concentrates: the combination of the three media concentrates (MCs; lower dashed
line), MCs combined with diluent (solid line), and a potential maximum perfusion rate of the

combine feeds (upper dashed line; VVD means “vessel volumes per day”).

[039] Figure 3. Viable cell density (+/- 3 standard deviations; solid lines) and viability (+/-
3 SD; dashed lines) for three 100L bioreactor runs using the concentrated media feed + diluent
feeding scheme. Inherent peak VCD (that is, without high osmo inhibition of growth) for this
cell line is >200e6 c/mL. By increasing osmolality pre-peak, the culture growth is inhibited and
peak VCD suppressed.
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CLAIMS

A compartmentalized serum-free cell culture perfusion medium comprising the
medium components subgrouped into at least three separate aqueous concentrated
feeds and a diluent, wherein the first concentrated feed is an alkaline concentrated
feed, the second concentrated feed is an acidic concentrated feed and the third

concentrated feed is a near neutral concentrated feed; wherein

the compartmentalized serum-free cell culture perfusion medium is pH-adjusting to
neutral pH upon mixing of the at least three separate aqueous concentrated feeds and

the diluent in the resulting serum-free cell culture perfusion medium.

The compartmentalized serum-free cell culture perfusion medium of claim 1, wherein
the resulting serum-free cell culture perfusion medium has a pH of between 6.7 and
7.5, between 6.9 and 7.4, preferably between 6.9 and 7.2, upon mixing of the at least

three separate aqueous concentrated feeds and the diluent.

The compartmentalized serum-free cell culture perfusion medium of claim 1 or 2,

wherein the diluent is sterile water.

The compartmentalized serum-free cell culture perfusion medium of any one of claims

1 to 3, wherein the compartmentalized serum-free cell culture perfusion medium is for

(a) separate addition of the alkaline concentrated feed, the acidic concentrated feed
and the near neutral concentrated feed to a cell culture and/or a reaction vessel

of a bioreactor;

(b) direct addition of the alkaline concentrated feed, the acidic concentrated feed and
the near neutral concentrated feed to a cell culture and/or a reaction vessel of a

bioreactor without prior pre-mixing; and/or

(c) direct mixing of the at least three separate aqueous concentrated feeds in a cell

culture and/or a reaction vessel of a bioreactor.

The compartmentalized serum-free cell culture perfusion medium of any one of the
preceding claims, wherein the alkaline concentrated feed is a 2x to 80x concentrated
feed, the acidic concentrated feed is a 2x to 40x concentrated feed and the near neutral

concentrated feed is a 2x to 50x concentrated feed.
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10.

The compartmentalized serum-free cell culture perfusion medium of any one of the
preceding claims, wherein the alkaline concentrated feed has a pH of 9 or higher, the
acidic concentrated feed has a pH of 5 or lower and the near neutral concentrated feed
has a pH of 7 to 8.5.

An alkaline aqueous concentrated feed for combination with an acidic aqueous
concentrated feed, a near neutral aqueous concentrated feed and a diluent to form a
serum-free cell culture perfusion medium, wherein the pH of the resulting serum-free

cell culture perfusion medium is automatically adjusted to a neutral pH.

An acidic aqueous concentrated feed for combination with an alkaline aqueous
concentrated feed, a near neutral aqueous concentrated feed and a diluent to form a
serum-free cell culture perfusion medium, wherein the pH of the resulting serum-free

cell culture perfusion medium is automatically adjusted to a neutral pH.

A near neutral aqueous concentrated feed for combination with an alkaline aqueous
concentrated feed, an acidic aqueous concentrated feed and a diluent to form a serum-
free cell culture perfusion medium, wherein the pH of the resulting serum-free cell

culture perfusion medium is automatically adjusted to a neutral pH.
A method of preparing a serum-free cell culture perfusion medium comprising

(a) providing the components of a cell culture media in at least three subgroups of

components based on solubility at alkaline, acidic and neutral pH,
(b) dissolving

(i) the subgroup of components soluble at alkaline pH in an alkaline

aqueous solution to form an alkaline concentrated feed;

(i) the subgroup of components soluble at acidic pH in an acidic aqueous

solution to form an acidic concentrated feed; and

(iif)  the subgroup of components soluble at neutral pH in a neutral aqueous

solution to form a near neutral concentrated feed;

(c) optionally storing the prepared alkaline concentrated feed, acidic concentrated

feed and near neutral concentrated feed in separate containers; and
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(d) adding the prepared alkaline concentrated feed, acidic concentrated feed and
near neutral concentrated feed and the diluent to the cell culture and/or the

reaction vessel of the bioreactor, wherein

(i) the alkaline concentrated feed, the acidic concentrated feed and the
near neutral concentrated feed are added separately to the cell culture

and/or the reaction vessel of the bioreactor; and

(ii) the diluent is added separately to the cell culture and/or the reaction
vessel of the bioreactor or the diluent is premixed with one of the at least
three separate aqueous concentrated feeds immediately before addition

to the cell culture and/or the reaction vessel of the bioreactor;

wherein the pH of the resulting serum-free cell culture perfusion medium is
automatically pH adjusted to a neutral pH upon mixing of the at least three separate

aqueous concentrated feeds and the diluent.

11. A method of culturing mammalian cells expressing a heterologous protein in

perfusion culture, comprising:

(a) inoculating a bioreactor with mammalian cells expressing a heterologous

protein in a serum-free cell culture medium;

(b) culturing the mammalian cells in a perfusion culture by continuously feeding the
mammalian cells with a serum-free cell culture perfusion medium feed and
removing spent media while keeping the cells in culture, wherein the serum-free
cell culture perfusion medium feed is a compartmentalized serum-free cell culture
perfusion medium comprising the medium components subgrouped into at least
three separate aqueous concentrated feeds and a diluent, wherein the first
concentrated feed is an alkaline concentrated feed, the second concentrated feed
is an acidic concentrated feed and the third concentrated feed is a near neutral
concentrated feed; and wherein the compartmentalized serum-free cell culture
perfusion medium is pH-adjusting to neutral pH upon mixing of the at least three
separate aqueous concentrated feeds and the diluent in the resulting serum-free

cell culture perfusion medium, and

wherein the alkaline concentrated feed, the acidic concentrated feed and the near

neutral concentrated feed of the compartmentalized serum-free cell culture
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12.

13.

14.

15.

16.

perfusion medium feed are added separately to the cell culture and/or the reaction
vessel of the bioreactor and wherein the diluent is added separately to the cell
culture and/or the reaction vessel of the bioreactor or the diluent is premixed with
one of the at least three separate aqueous concentrated feeds immediately before

addition to the cell culture and/or the reaction vessel of the bioreactor.
A method of producing a therapeutic protein using the method of claim 11.

Use of the compartmentalized serum-free cell culture perfusion medium of any one of

claims 1-6 for culturing mammalian cells.

Use of the compartmentalized serum-free cell culture perfusion medium of any one of

claims 1-6 for culturing mammalian cells in a perfusion culture.

Use of the compartmentalized serum-free cell culture perfusion medium of any one of

claims 1-6 for controlling osmolality in a perfusion cell culture.

Use of the compartmentalized serum-free cell culture perfusion medium of any one of
claims 1-6 for separate addition of the at least three separate aqueous

concentrated feeds to a cell culture and/or a reaction vessel of a bioreactor.
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