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Title: Discontinuous fed batch processing with the use of alternating

bioreactors

Technical Field

The invention relates to methods and systems that are used for
the large scale culture of cells, particularly suspension cells.

The culturing of cells can be done on a laboratory scale or
industrial scale. The two scales provide different challenges to the users.
What works on a laboratory scale very often does not work on a large scale.

A main difference is the efficiency of the culture process.

The present invention is in particular concerned with large scale
fed-batch culture or fermentation. There are two basic approaches to the
fed-batch fermentation; the constant volume fed-batch culture and the

variable volume fed-batch culture.

In fixed volume fed-batch, the limiting substrate is fed without
diluting the culture. The culture volume can also be maintained practically
constant by feeding the growth limiting substrate in undiluted form, for
example, as a very concentrated liquid or gas (ex. oxygen). A certain type of
extended fed-batch - the cyclic fed-batch culture for fixed volume systems -
refers to a periodic withdrawal of a portiop of the culture and use of the
residual culture as the starting point for a further fed-batch process.
Basically, once the fermentation reaches a certain stage, (for example, when
aerobic conditions cannot be maintained anymore) part of the culture is
removed and the remaining biomass is diluted to the original volume with
sterile water or medium containing the feed substrate. The dilution
decreases the biomass concentration and typically results in an increase in
the specific growth rate. Subsequently, as feeding continues, the growth rate

will decline gradually as biomass increases and approaches the maximum
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sustainable in the vessel once more, at which point part of the culture may

again be replaced by fresh culture medium.

A variable volume fed-batch is one in which the volume changes
with the fermentation time. The reason for the change is typically the
substrate feed. The way this volume changes it is dependent on the
requirements, limitations and objectives of the operator. This type of fed-
batch can still be further classified as repeated fed-batch process or cyclic
fed-batch culture, and single fed-batch process. The former typically implies
that once the fermentation reached a certain stage after which is not
effective anymore, a quantity of culture is removed from the vessel and
replaced by fresh nutrient medium. The decrease in the cell numbers results
in an increase in the specific growth rate, followed by a gradual decrease as

the quasi-steady state is established.

Fed-batch fermentation has characteristics of batch-wise
production as well as continuous fermentation. Fed-batch offers several
advantages over batch and continuous cultures. The feed of the required
components for growth and/or other substrates required for the production
of the product is not depleted and the nutritional environment can be
maintained approximately constant during the course of the batch. The
production of by-products that are generally related to the presence of high
concentrations of substrate can also be avoided by limiting its quantity to

the amounts that are required solely for the production of the product.

A cyclic fed-batch culture has the additional advantage that the
productive phase of the process may be extended under controlled
conditions. The controlled periodic shifts in growth rate provide an
opportunity to optimize product synthesis, particularly if the product of

interest takes place during the deceleration in growth.
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A problem associated with the production of biological substances
using culture systems is the relatively high costs associated with the
production of the biological substance. The present invention provides for a
more efficient culture system. The present invention allows for the cost-

effective and controlled production of a biological substance.

Summary

In one embodiment the invention provides a method for the
production of a biological substance by culturing cells that produce said
biological substance in a bioreactor, said method comprising:

- providing a bioreactor with a cell culture comprising said cells
suspended in a culture medium;

- said method further comprising performing at least one culture
and harvest cycle comprising incubating said cell culture in a bioreactor
until it has reached the early stationary, or stationary phase, and
harvesting the culture medium with the biological substance by separating
the cells from the culture medium containing the biological substance and
feeding essentially all cells back into a bioreactor for continued culture
together with fresh culture medium. An advantage of a method of the
invention is the high yield of the biological substance. The yield of substance
is further increased with each further incubation/culture and harvest cycle.
Thus preferably a method of the invention comprises at least 2, more
preferably at least 5, more preferably at least 10 and preferably at least 20
incubation and harvest cycles.

The cell culture is harvested with a harvest system that
preferably maintains many of the conditions of the incubation step. The
harvest system therefore preferably comprises means for maintaining the

culture temperature. When the volume of the cell culture in the bioreactor
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exceeds the capacity of the harvest system the entire cell culture can still be
harvested. Preferably this is done by sequentially feeding aliquots of the cell
culture to the harvest system. The harvest cycle is then completed when
essentially the entire cell culture is processed. The cell culture that is
waiting to be processed is not mixed with cells that have already been
processed by the harvest system. This is achieved by feeding the processed
cells into a different bioreactor. The processed cells are therefore provided
with fresh medium and fed into the different bioreactor for the subsequent
incubation and harvest cycle. The cell density can be adjusted at this stage,
if so desired. The cells can be concentrated or diluted, depending on the
wishes of the operator. It is an advantage of the present invention that it is
possible to implement a harvest system that has a lower capacity than the
volume of the cell culture.

An increase in the cell density is desirably, particularly in the
first cycles, to quickly obtain the target cell density that is desired for
production of the biological substance. Dilution is typically desired in later
cycles to accommodate the continued increase in the number of cells.

The biological substance is preferably a substance that is excreted
from the cells. The biological substance is preferably a protein, preferably an
excreted protein. The protein preferably comprises more than 50, and
preferably more than 100 amino acids. In a particularly preferred
embodiment the biological substance is a growth factor, an antibody or a
soluble form of a membrane bound ligand. The biological substance can also
comprise an antigen binding fragment of an antibody. Non-limited examples
of such fragments are single chain Fv fragments, FAB-fragments,
monovalent antibodies and heavy chain only antibodies. In a preferred
embodiment the antibody is a mammalian antibody. In a preferred
embodiment the antibody is a monoclonal antibody. In a preferred
embodiment the antibody is a mouse, human or mouse/human chimeric

antibody. The chimeric antibody is preferably a humanized murine
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monoclonal antibody or human antibody. Various types of humanization
exist. Typically at least the constant parts of the antibody are human.
Modern humanized antibodies also contain human variable regions wherein
CDR regions are replaced by the murine CDRs. Alternatively, the antibody
contains mutations in the murine variable regions to remove predicted
human B and/or T cells epitopes. Presently it is possible to generate so-
called fully human monoclonal antibodies. These are generated completely
from human sequences. Immune response to these fully human antibodies
are nevertheless still possible depending on the way of administration and
the nature of the CDRs.

Cells can be grown either in suspension or adherent cultures.
Some cells naturally live in suspension, without being attached to a surface,
such as cells that exist in the bloodstream. There are also cell lines that
have been modified to be able to survive in suspension cultures so they can
be grown to a higher density than adherent conditions would allow.
Adherent cells require a surface, such as tissue culture plastic or
microcarrier, which may be coated with extracellular matrix components to
increase adhesion properties and provide other signals needed for growth
and differentiation. Adherent cells can typically be adapted to suspension
growth, alternatively the cells can, as mentioned above, be adhered to
microcarriers that are subsequently suspended and cultured in the
bioreactor. The cells in the present invention are preferably cells that grow
in suspension. Mammalian cells are preferred. Preferred production cells
are the Chinese hamster ovary or CHO cells and the NSO cell line. In a

particularly preferred embodiment the cells are CHO cells.

Cell growth in a typical fed-batch culture of mammalian cells can
be classified into 7 stages: (A)lag phase; (B)early log phase; (C)
log/exponential phase; (D)Early Stationery phase; (E)stationary phase; (G)
Early Death phase (F)Death phase.
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A. During lag phase, the cells adapt themselves to growth
conditions. The cell numbers in the population do not increase.

B. During éarly log phase more and more cells have adapted and
are entering the exponential phase.

C. Exponential phase (sometimes called the log phase or the
logarithmic phase) is a period characterized by cell doubling. The number of
new cells appearing per unit time is proportional to the present population.
If growth is not limited, doubling will continue at a constant rate so both the
number of cells and the rate of population increase doubles with each
consecutive time period. For this type of exponential growth, plotting the
natural logarithm of cell number against time produces a straight line. The
slope of this line is the specific growth rate of the cells. The actual rate of
this growth (i.e. the slope of the line in the figure) depends upon the growth
conditions and the type of cells.

D. Early stationary phase (or early plateau phase) is the phase
between the log-phase and stationary phase and is characterised by a
progressive decline in the rate of population increase. This phase 1s
characterised in that the growth rate of the population is a third or less
from the maximum growth rate in the exponential phase. The early
stationary phase ends when growth of the cell population is zero or less.

E. The stationary phase or plateau phase is often due to a growth-
limiting factor; this is mostly depletion of a nutrient, and/or the formation of
inhibitory products. In the stationary phase the size of the cell population
remains more or less constant. Biological substance production is typically
highest in this phase.

F. In the death phase, the cells run out of nutrients, or toxic
products have build up to such an extend that the cells die.

G. The early death phase defines the end of the stationary phase

when more and more cells die.
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Depending on how the cells have been treated prior to initiating
the culture the lag phase can be present or absent. For instance, large scale
cultures are typically initiated from seed cultures and pre-cultures. In such
cases it 1s possible to have a very short or absent lag phase, as the cells can
have already adapted to the culture conditions in the fed-batch culture in an
appropriate seed and/or pre-culture.

In cyclic culture systems, such as the present invention, the later
cycles typically repeat the stages C and D. Optionally one or more of the
cycles include in addition the steps E, F and G. The exponential phase in
later cycles may or may not reach the same maximum growth rate as the
first cycle. In each cycle the start of the early stationary phase is
characterised in that the growth rate of the population declines to a third or
less from the maximum growth rate in the previous exponential phase. The
growth rate is typically calculated from the tangent line of the growth curve.

In a particularly preferred embodiment the culture for each cycle
is harvested while the culture is in stage C, D or E. Preferably the culture
for each cycle is harvested while the culture is in stage C or D, more
preferably at stage D.

In another embodiment the culture in cycles 2 and further is
harvested after at least one day, preferably at least two days, more
preferably at least three days of incubation, irrespective of the stage of the
stage of growth the cells are in at the time of initiation of the harvest step.
In another embodiment the culture for each cycle is harvested when a
predetermined cell density has been reached. For cultures after the first
culture and harvest cycle, it is preferred that the culture is harvested when
the cells in the culture have reached a cell density of at least 0,7 x 10e8,

preferably at least 1x10e8 and more preferably at least 2 x10e8 per ml.
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Brief Description of the Drawings

Figure 1 illustrates a harvest system comprising a plurality of
bioreactors.

Fig. 2 shows a system in accordance with one embodiment.

Figure 3 iilustrates a separator showing a tangential flow

filtration module in accordance with one embodiment.

Detailed Description

Examples of systems for the production of a biological substance
are given in the Figures 1-3. In the systems, cells that produce said
biological substance are cultured and are separated from a culture medium
containing the biological substance. After separation, preferably essentially
all cells are fed back into a bioreactor for continued culture together with
fresh culture medium. In figure 1 a harvest system 100 comprises a
plurality of bioreactors iO, 15. The bioreactors are arranged to incubate a
cell culture of cells suspended in a culture medium in said bioreactor. The
system is comprised of a number of culture medium feeds (16) arranged to
compensate effluent loss by feeding culture medium or a component thereof
into the bioreactors.

In particular, a feed 16 is directly coupled to the bioreactor,
wherein another feed 16 for feeding media and buffer can be coupled to a
pump and switching unit 40, that connects to a separator 30.

In addition, means are provided (not shown) for detecting a cell
count or density in the bioreactors 10, 15. Typically, such means may be a
cell count detector, density meter or flow cytometer, of a type known in the
art. The detector can be arranged to detect a cell density. A predetermined
threshold value can be determined heuristically or by means of a calculation
for inputting to the detector, indicating that incubation of a cell culture in
one of said bioreactors has reached the early stationary phase or stationary

phase as hereabove clarified.
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Separator 30 is arranged communicatively coupled between a
harvesting filter module 20 and the plurality of bioreactors. The separator is
fed by the cell culture that is pumped, by the pump and switching unit, out
of one of the bioreactors 10, 15, and is further fed by a medium and buffer
feed 16. In the example of Figures 1 and 2, the separator 30 is arranged to
separate the cells from the culture medium containing the biological
substance by means of a centrifuge 35. In the centrifuge 35, a concentrated
fluidized bed of cells is formed by a balancing the fluid flows of the fresh
medium 16, the cell feed from the bioreactor and the rotational speed of the
centrifuge 35 through the continuous balanced action of centrifugal and
fluid flow forces, known per se.

The centrifuge 35 comprises an inlet of fresh medium 16 arranged
to provide said fluid flow force thereby separating the cells from the culture
medium with the biological substance.

In the example, the pump and switching unit 40 are formed by a
bidirectional pump, coupled to switches that switch a fluid flow between one
of the bioreactors 10 and the other bioreactor 15 after clarifying the cell
culture in separator 35. In use, upon detection of said early stationary phase
or stationary phase in one of said plurality of bioreactors 10, 15, a flow is
generated to the separator 30 by extracting the cell culture from one of the
bioreactors 15 and feeding the separator with fresh medium and buffer.

By directing the flow back from the separator and switching the
flow towards the other bioreactor 15, essentially all cells are fed back from
the separator 30 via said pump and switching unit 40, into the other one 15
bioreactor for continued culture together with fresh culture medium.

The culture medium containing the biological substance and
buffer are periodically fed into the harvesting module 20 that harvests the

biological substance by filtration as further described herein below.
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Cultures can reach higher cell densities during incubation when
the medium is at least in part recycled. Thus during incubation of the cell
culture, in contrast to the system disclosed in Figure 2, preferably at least
part of the cell culture of bioreactors 10 and 15 is continuously flowed into a
separation system 50 that comprises a size selective semipermeable
membrane 55.

The membrane 55 separates the cells and the biological substance
from substances having a lower molecular weight than the biological
substance,

thereby creating a cell- and biological substance-free effluent that
is outputted. In addition, a cell- and biological substance-containing fluid
stream is fed back into the bioreactor, and

effluent loss is at least compensated by feeding culture medium or
a component thereof into the bioreactor.

Such membrane separation devices 50 are often referred to as
alternating tangential flow ﬁltrati(;n devices (or ATF). This type of filtration
is different from dead-end filtration in which the feed is passed through a
membrane or bed, the solids being trapped in the filter and the filtrate being
released at the other end. In ATF filtration the majority of the feed flow
travels tangentially across the surface of the filter, rather than into the
filter. The alternating tangential flow is created by the action of a
diaphragm moving upwards and downwards within a pumphead, connected
to a filterhousing and attached to a bioreactor (see for reference
WO02005/095578 and WO2008/006494).

The membrane separation device 50 is typically an ultrafiltration
device. The filter in the separation device is typically a semi permeable
membrane comprising pores with a certain molecular weight cut-off. The
filter or semi-permeable membrane used in the process of the invention is
capable of separating the biological substance from substances having a

lower molecular weight than the biological substance. In other words, the
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molecular weight cut-off is chosen such that the molecular weight cut-off
(MWCO) is smaller than, more preferably at least a factor 2, most
preferably at least a factor 3 smaller than the molecular weight of the
biological substance. Typically, but of course depending on the molecular
weight of the biological substance produced in the process of the present
invention, the MWCO of the separation system is preferably at least 5, more
preferably at least 10, most preferably at least 30kDa and preferably at
most 500kDa, more preferably at most 300kDa, most preferably at mosf
100kDa. For example for an IgG with a molecular weight of 150kDa, a
separation system having a MWCO of at most 50kDa is most preferred.

The harvesting step of the incubation and harvest cycle is
performed on the entire culture. In the present invention it is preferred that
the culture volume is higher than the capacity of the harvest device. In this
embodiment the harvesting is done by sequentially feeding the culture into
the harvest system. The harvest system preferably comprises a cross-flow
filtration system, whereby the medium with the biological substance is
replaced by fresh culture medium. Such cross-flow harvest system typically
contains filters or semi-permeable membranes with an MCWO that
separates cells from the biological substance and the culture medium. In
these devices the MCWO is typically higher than 200 kDa. Such devices are
also referred to as cross-flow microfiltration devices and the methods as
micro-filtration. In these microfiltration devices the pore size is typically
between 0,1 micrometer till 10 micrometer.

In a particularly preferred embodiment the harvest system
comprises a centrifugal force based fluidized bed system. In this
embodiment a method of the invention it is preferred that the culture
medium with the biological substance is harvested by flowing the cell
culture into a centrifuge that maintains the cells as a concentrated fluidized
bed through the continuous balanced action of centrifugal and fluid flow

forces, whereby the fluid flow force is applied by the inflow of fresh medium
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thereby separating the cells from the culture medium with the biological
substance. Preferred examples of centrifugal force based fluidized bed
systems are described in W010/008579, W010/008563 and W011/044237.

By way of contrast, Figure 3 illustrates a separator 30, showing a
tangential flow filtration module. In the module, similar to the membrane
separation device 50 described hereabove a size selective semipermeable
membrane is provided and an inlet of fresh medium is arranged to provide
tangential flow. Here the size selective semipermeable membrane is
designed to retain the cells and allow the medium together with the
biological substance to be collected in the effluent. In this way the cells are
separated from the culture medium with the biological substance and
essentially all cells can be fed back into another bioreactor 15 for continued
culture together with fresh culture medium.

A large scale culture according to the present invention is a
culture that comprises at least 1 litre and preferably at least 2 litre of
culture medium and cells per incubation and harvest cycle. Preferably it
comprises at least 5 litre of culture medium and cells.

A method of the invention preferably comprises a fed-batch
culture system as the incubation step in the incubation and harvest cycles.

When the cell culture incubation in subsequent culture and
harvest cycles was performed in different or alternating bioreactors, it was
surprisingly observed that the cell cultures developed faster and yielded
more biological product. This was particularly so for embodiments wherein
the volume of the culture (i.e. culture medium and cells), exceeded the
capacity of a single run of the harvest system. Higher yields where seen
when the cells collected where transferred to a different bioreactor. This led
to a preferred method of operation wherein the cell culture is transferred to
a different bioreactor for each incubation and harvest cycle. In this
embodiment it is preferred that the culture alternates between two

bioreactors for each incubation and harvest cycle. This leads to the situation
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that, during harvesting, culture is inputted into the harvest system from
one bioreactor, is processed in the harvest system, and subsequently the
cells in fresh culture medium are outputted to the other bioreactor. A used
bioreactor can remain in the system as is, to receive the culture upon
completion of the next cycle, it can be cleaned or it can be replaced by a

clean bioreactor, or a combination thereof.

In a preferred embodiment the invention comprises discontinuous
fed batch cell culturing of mammalian cells (more specific CHO cells) with
the use of alternating bioreactors in combination with discontinuous
separation of biomass from biological substance (more specific monoclonal
antibodies) and waste components.

High cell density, high cell viability and high productivity can
discontinuously be maintained in time by separating biomass in the early
stationary growth phase from biological substance and waste components
and reintroducing these viable cells into a second bioreactor that is operated
in the fed batch mode. The cells will then continue to grow in the
exponential phase and reach the early stationary phase (often within 0.5-2
days). Hereafter the discontinuous separation process is repeated and
biomass transferred back to the first reactor that is operated in fed batch
mode and again the cells are grown for 0.5-2 days from the exponential
phase to the early stationary phase. This process of discontinuous fed batch
in alternating bioreactors after separation of biological substance and waste
components is repeated until sufficient biological substance has been
obtained or cell viability falls below 90%. If required, biomass can be
concentrated or diluted after separation before transfer to the next
bioreactor.

The preferred embodiment of the invention wherein during
incubation of the cell culture in the bioreactor at least part of the cell

culture is continuously flowed into a separation system that comprises a size
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selective membrane is preferably combined with the preferred embodiment
wherein the culture medium with the biological substance is harvested by
flowing the cell culture into a centrifuge that maintains the cells as a
concentrated fluidized bed through the continuous balanced action of
centrifugal and fluid forces, whereby the fluid force is applied by fresh
medium thereby separating the cells from the culture medium with the
biological substance. The cells can subsequently be transferred back into the
bioreactor for a further culture and harvest cycle, or be transferred into
another bioreactor. With the latter setup, as mentioned herein above, it is
possible to implement a harvest system that has a lower fluid capacity than
the volume of the cell culture. In the further incubation it is preferred that
at least part of the cell culture is continuously flowed into a separation
system that comprises a size selective membrane. In the separation device
consumed medium and substances (waste) with a lower molecular weight
than the biological substance are removed from the culture. In the harvest
system consumed medium, the biological substance and substances (wastes)
having a higher molecular weight than the biological substance, such as cell
debris, nucleic acids, and proteins are removed from the culture. This
preferred embodiment is a particularly effective way in providing the
conditions for multiple culture and harvest cycles at very high cell densities,
while maintaining a relatively low cost system associated with the
continuous culture in a bioreactor wherein at least part of the cell culture is
continuously flowed into a separation system that comprises a size selective
membrane.

It is preferred that culture conditions during culture are
maintained in the separation system and the centrifuge. In this way the
cells that are cultured experience culture conditions throughout the various
culture and harvest cycles of the present invention. From the viewpoint of
the cells, the culture is a continuous culture, whereas from a viewpoint of

the process operator in charge of handling the waste disposal and
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harvesting of the biological substance, the culture is semi-continuous. From
the viewpoint of the cells the system comprising the separation system, the
centrifuge and the one or more bioreactors can be seen as one bioreactor for
the culture of the cells. The cells experience culture conditions throughout
the procedure. Not all culture conditions have to be maintained. A preferred
culture condition to maintain is the temperature, another culture condition
that is preferably maintained is oxygenation. Yet a further culture condition
that is preferably maintained is the pH. Maintenance of a culture condition
preferably means that the condition throughout the procedure does not
deviate more than 15% from the value of the condition at the start of the
procedure. Temperature is preferably maintained at 35.5-37.5 °C, preferably
at 37C, oxygenation is preferably maintained at 40-60% expressed as
dissolved oxygen concentration, preferably at 50% dissolved oxygen
concentration, pH is preferably maintained at a value of pH 6.7-7.5,
preferably at pH 7 or 7.1. _

In one embodiment it is preferred that in the first of the culture
and harvest cycles, the cells are harvested at a lower cell density than in the
later culture and harvest cycles. In this embodiment the cells are harvested
preferably at a cell density of less than 50 x10e6, preferably less than 25 x
10e6 cells/ml.

The cell density of the cells in the culture medium that is
outputted from the centrifuge step, in the harvest step can be altered with
respect to the cell density of the cells in the culture medium that is inputted
into the centrifuge. This embodiment allows for the setting of the cell
density of the cells in the culture medium at the start of the culture in the
next culture and harvest cycle. Depending on the desired or required cell
density the use of an ATF apparatus can be applied to both bioreactors with
an adjusted feed strategy. Separation of biological substance and waste
components (the interstitial fluid) is realized by the use of centrifugation or

cross-flow filtration in a harvesting filter module 20. To this end, in the
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Figures 1-3 harvesting filter module 20 comprises a waste outlet 21 and a
depth filter 22 that is arranged to separate the biological substance from
substances having a higher molecular weight than the biological substance.

The separation process of the full bioreactor contents must be
completed within a number of hours for reasons of cell viability.

An element of this invention is the repeated discontinuous fed
batch cell culturing between the exponential growth phase and the early
stationary growth phase in alternating bioreactors. This process gives high
biological substance yields in a relatively short period compared to perfusion
processing thanks to the low levels of waste components. In addition the
repeating of this short but high yield phase of the fed batch process makes
much higher overall yields possible compared to regular batch and fed batch
processing. The overall yield of biological substance can accumulate up to
25x that of regular batch processing within 10 days after the first fed batch
culture has reached the early stationary phase.

An additional advantage of this discontinuous repeated fed batch
cell culturing is the option to make continuous downstream processing
possible thanks to the short intervals between the consecutive harvestings
(0.5-2 days). Biological substance can be continuously tapped from an
intermediate storage vessel for feed of the further purification. By
processing in this way high product yields can be realized in a low volume

continuous operational mode.
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Claims

1. A method for the production of a biological substance by culturing cells
that produce said biological substance in a bioreactor, said method
comprising:

providing a bioreactor with a cell culture comprising said cells
suspended in a culture medium; and

said method further comprising performing at least one culture and
harvest cycle comprising incubating said cell culture in a bioreactor
until the cell culture has reached the exponential phase, the early
stationary phase or the stationary phase, and harvesting the culture
medium with the biological substance by separating the cells from
the culture medium containing the biological substance and feeding
cells back into a different bioreactor for continued culture together
with fresh culture medium, wherein the culture medium with the
biological substance is harvested by flowing the cell culture into a
centrifuge that maintains the cells as a concentrated fluidized bed
through the continuous balanced action of centrifugal and fluid flow
forces, whereby the fluid flow force is applied by the inflow of fresh
medium thereby separating the cells from the culture medium with

the biological substance.

2. The method according to claim 1, comprising at least 2 culture and

harvest cycles.

3. The method according to claim 1 or claim 2, wherein during incubation of
the cell culture at least part of the cell culture is continuously flowed into
a separation system that comprises a size selective semipermeable
membrane, wherein the membrane separates the cells and the biological

substance from substances having a lower molecular weight than the
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biological substance, thereby creating a cell- and biological substance-
free effluent that is outputted, and
a cell- and biological substance-containing fluid stream that is fed back
into the bioreactor, and wherein effluent loss is at least compensated by
feeding culture medium or a component thereof into the bioreactor.
The method according to any one of claims 1-3, wherein the cell are
mammalian cells.
The method according to claim 3, wherein said cells are CHO cells.
The method according to any one of claims 1-5, wherein said biological
substance is an antibody or antigen binding fragment thereof.
The method according to any one of claims 1-6, wherein said cells are
cultured in a fed-batch culture system.
A system for the production of a biological substance by culturing cells
that produce said biological substance, comprising:
a plurality of bioreactors (10, 15) each arranged to incubate a cell
culture of cells suspended in a culture medium in said plurality of
bioreactors,
said system further comprising a culture medium feed (16) arranged
to compensate effluent loss by feeding culture medium or a
component thereof into said plurality of bioreactors,
a cell detector to detect that incubation of a cell culture in one of said
bioreactors has reached the exponential phase, the early stationary
phase or stationary phase,
a harvesting filter module (20) arranged to harvest the biological
substance from culture medium containing the biological substance,
and
a separator (30) communicatively coupled between the harvesting
filter module and the plurality of bioreactors, said separator
arranged to separate the cells from the culture medium containing

the biological substance, and
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a pump and switching unit (40) arranged between the separator (30)
and said plurality of bioreactors (10, 15), arranged to input, upon
detection of said exponential phase, early stationary phase or
stationary phase in one of said plurality of bioreactors (10, 15), cells
and culture medium from said one (10) of said plurality of
bioreactors into the separator, and feeding cells, from the separator
(30) via said pump and switching unit (40), back into another one
(15) of said plurality of bioreactors for continued culture together
with fresh culture medium.
The system according to claim 8, wherein the separator (30) comprises a
centrifuge (35), arranged to maintain cells as a concentrated fluidized
bed through the continuous balanced action of centrifugal and fluid flow
forces, said centrifuge comprising an inlet of fresh medium arranged to
provide said fluid flow force thereby separating the cells from the culture
medium with the biological substance.
The system according to claim 8, the separator (30) comprises tangential
flow filtration module comprising a size selective semipermeable
membrane and an inlet of fresh medium arranged to provide said
tangential flow thereby separating the cells from the culture medium
with the biological substance.
The system according to claim 8, wherein at least one bioreactor (10) is
in fluid communication with a membrane separator (50) that comprises a
size selective semipermeable membrane (55) and a membrane separator
outlet (56), said membrane separator being in fluid communication with
said at least one bioreactor (10), and arranged to continuously flow at
least part of the cell culture from said at least one bioreactor into said
membrane separator; said membrane (55) arranged to separate the cells
and the biological substance from substances having a lower molecular
weight than the biological substance, thereby creating a cell- and

biological substance-free effluent that is outputted via said membrane
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separator outlet (56), and a cell- and biological substance-containing
fluid stream that is fed back into the bioreactor.
12.  The system according to claim 8, wherein the harvesting filter module

(20) comprises a waste outlet (21) and a depth filter (22) that is arranged

5 to separate the biological substance from substances having a higher
molecular weight than the biological substance, thereby creating a
biological substance-free effluent that is outputted via the waste outlet,
and wherein the biological substance is outputted to downstream

processing.
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