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Claim

A method for growing biomass particles in an agitated suspension culture

vessel, including concurrently

(@)  adding fresh cuiture medium to an agitated suspension culture vessel

containing biomass particles; and

(b)  withdrawing spent culture medium from said agitated suspension
culture vessel containing biomass particles through a side perforated particle
settling chamber which is at least partially immersed in an agitated culture

medium within said vessel containing biomass particles, wherein

(i said particle settling chamber includes a hollow container with a
bottom opening through which said biomass particles settle by gravity
back into the agitated culture medium and a top opening through which

the spent culture medium is withdrawn from the vessel;
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(i)  said chamber is configured such that a fluid velocity of the
culture medium entering said container through said bottom opening is

significantly less than a settling velocity of the biomass particles; and

(i)  said hollow container has a plurality of holes disposed along the
sides thereof, said holes being sized and located so as to allow culture
medium and biomass particles to enter said container while avoiding
significant agitation therewithin and minimizing withdrawal of biomass

particles through the top opening thereof.
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(54) Title: METHOD AND APPARATUS FOR GROWING BIOMASS PARTICLES

(57) Abstract

The present invention provides an improved meth-
od and apparatus for growing biomass particles (15), par-
ticularly microcarrier-bound cells, in an agitated suspen-
sion culture vessel (10) in which fresh culture medium is
added and spent culture medium is withdrawn continu-
ously or semi-continuously. The improvement comprises
withdrawing the spent culture medium through a particle
settling chamber (26) locuted within the vessel (10) and at
least partially immersed in the agitated culture medium
therewithin. The particle settling chamber (26) comprises
a hollow container (27, 28) with a bottom opening (18)
through which biomass particles (15), such as microcarri-
er-bound cells, settle by a gravity back into the agitated
culture medium and a top opening (19) through which
particle-free spent culture medium is withdrawn from the
vessel (10). The settling chamber (26) is configured such
that the fluid velocity of culture medium entering the sett-
ling chamber (26) through the bottom opening (18) is sign-
ificantly less than the biomass p article settling velocity.

¢ {Referted 10 in PUT Gascite No. 28/1993, Section If)
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METHOD AND APPARATUS FOR GROWING BIOMASS PARTICLES

Background of the Invention

This invention relates to a method and apparatus
for growing biomass particles, particularly microcarrier-
5 bound cells. More particularly, this invention relates to
an improved particle settling chamber which is used in
conjunction with an agitated suspension culture vessel,

also known as a perfusion culture bioggggﬁgr,
In recent years there has beaﬂrapid growth in the

10 development of various methods for the culturing of cells
in suspension with the goal of attaining high cell
densities. Batch culture systems, which utilized a fixed
amount o©f nutrient medium, have been replaced with
continuous or semi-continuous basis as described, for

15 example in US 4,166,768. 1In such continuocus systems spent

. culture medium is withdrawn through a filter, which is
immersed in the agitated culture medium. This filter is
inevitably subject to clogging, which limits the time the
continuocus system can be operated.

20 In US 4,335,215, there is disclosed a modified
continuous culture system which is said to improve the
growth of microcarrier-bound cells. In this modified
system, the immersed filter of the prior systems is
replaced with a settling chamber which is external to the

25 main culture vessel. During operation, culture medium is
withdrawn from the main agitated culture vessel through a
narrow tube into the bottom of the settling chamber then
out through the top of the chamber. Since there is no
agitation in the settling chamber, the microcarrier beads

3¢ slowly settle by gravity to the bottom of the settling

chamber and back through the narrow tube into the main
agitated culture vessel. When the microcarrier beads
contact each other along the sloping surfaces of the
settling chamber and in the narrow tube, this is said to
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promote aggregation of beads and bead-to-bead cell growth.
There are several problems associated with the
above-described system. The bottom opening of the settling
chamber and the narrow tube which connects the settling
5 chamber to the main wvessel have a relatively small
diameter. The diameter of the connecting tube is generally
dictated by the size of the port available on the main
vessel. In these narrow areas the upward fluid velocity of
medium is often significantly higher than the settling
10 velocity of the beads, causing the beads & become clogged.
In fact, this problem is anticipated by the patentee who
suggests reversal of the pumps to ensure free movement of

the beads in the narrower portions.
Another problem associated with this design
15 concerns sterilization of the system. Since the settling
chamber is external to the main reactor, the chamber and
all connections are difficult to sterilize and to maintain

sterility during operation.

Summary of the Invention
20 The present invention provides an improved method
and Apparatus for growing biomass particles, particularly
microcarrier-bound cells, in an agitated suspension culture
vessel in which fresh culture medium is added and spent

culture medium is withdrawn continuously or semi-

25
continucusly. The improvement comprises w
spent culture medium through a parti settling chamber
located within the vessel iﬁfﬂjgd‘east partially immersed
30 in the agitated culéjzg’gg um therewithin. The particle

settling'chamﬁ::‘s;ye igses a hollow container with a bottom
% which biomass particles, such as

S o e e 40 T R 78 2 S S 7 % 8 O P i
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continuously.

According to a first aspect of this invention there is provided a method for
growing biomass particles in an agitated suspension culture vessel, including

concurrently

(a)  adding fresh culture medium to an agitated suspension culture vessel

containing biomass particles; and

(b)  withdrawing spent culture medium from said agitated suspension
culture vessel containing biomass particles through a side perforated particle
settling chamber which is at least partially immersed in an agitated culture

medium within said vessel containing biomass particles, wherein

) said particle settling chamber includes a hollow container with a
bottom opening through which said biomass particles settle by gravity
back into the agitated culture medium and a top opening through which

the spent cuiture medium is withdrawn from the vessel;

(i)  said chamber is configured such that a fluid velocity of the
culture medium entering said container through said bottom opening is

significantly less than a settling velocity of the biomass particles; and

(i)  said hollow container has a plurality of holes disposed along the
sides thereof, said holes being sized and located so as to allow culture
medium and biomass particles to enter said container while avoiding
significant agitation therewithin and minimizing withdrawal of biomass

particles through the top opening thereof.

According to a second aspect of this invention there is provided an apparatus

for growing biomass particles, including an agitated suspension culture vessel, a
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particle settling chamber disposed within said vessel such that it will be at least

partially immersed in agitated culture medium during use, wherein

(i) said particle settling chamber includes a hollow container with (1) a
3] bottom opening through which said biomass particles settle by gravity back
into an agitated culture medium and (2) a top opening through which spent

culture medium is withdrawn from the vessel;

(i) said chamber is configured such that a fluid velocity of the culture
10 medium entering said container through said bottom opening is significantly

less than a settling velocity of the biomass particles; and

(i said hollow container has a plurality of holes along the sides thereof,
said holes being sized and located so as to allow the culture medium and
15 biomass particles to enter said container while avoiding significant agitation
therewithin and minimizing withdrawal of biomass particles through the top

epening thereof.

An apparatus in accordance with the present invention may come in a variety
20  of forms. Several preferred embodiments will now be described in detail with
O reference to the accompanying drawings.  The specific nature of this description

does not however supersede the generality of the preceding statements.

9
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vessel. The settling chamber is configuréi‘ig’b—
fluid velocity of culture medium entezs
chamber through the bottom ope-haf’T;’:;gnificantly less
5 than the biomass partic aﬂ’fEEIZ;g velocity. That is, the
qﬂ?"zzzﬁure medium within the lower part
ing chamber must be less than the downward

the settling

uprising veloci

Description of the Drawings

10 Fig. 1 depicts a cross-sectional view of an
agitated suspension culture vessel with the improved
particle settling chamber of the present invention.

Fig. 2a depicts an enlarged cross-sectional view
of the particle settling chamber shown in Fig. 1.

15 Fig. 2b depicts a bottom view of the particle
settling chamber of Fig. 2a with an optional grid installed
to reduce agitation.

Figs. 3a and 3b depict alternative configurations
of particle settling chambers within the present invention.

[\
o

Fig. 4a depicts a cross-sactional view o©of an
agitated suspension culture vessel with a fourth embodiment
of the improved particle settling chamber of the present
invention.

Fig. 4b depicts a top sectional view taken along
25 line 4b-4b of the culture vessel illustrated in Fig. 4a.
Fig. 5a-c depicts a bioreactor used in example 1.

Detailed Description of the Invention
The improved method and apparatus of the present
invention ¢an be utilized in conjunction with any perfusion
30 bioreactor or continuous cell culture system. Such systems
are designed to achieve efficient cell growth by
maintaining optimum growth conditions during the entire
process. These systems are especially suited for culturing
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cells as an agitated suspension of biomass particles,
particularly microcarrier-bound cells.

The term biomass particles is intended to embrace
any cells, including plant, animal bacteria, insect,
fungus, yeast, or hybridoma cells, which can be grown in an
agitated suspension culture medium and which Thave
sufficientjmaés to settle by gravity with a reasonable
settling velocity in ncn-agitated medium. In particular,
biomass particles include microcarrier-bound cells. The
term microcarrier-bound c¢ells in intended to embrace
anchorage-dependent cells, which are typically mammalian
cells such as C127, COS or CHO cells, bound to microcarrier
particles such as glass, polystyrene, gelatin, agarcse or
cellulose beads, and anchorage independent cells, such as
hybridoma cells, bound within the matrices of porous
microcarrier particles, for example particles comprising a
cocllagen or gelatin sponge matrix. The term biomass
particles 1s also intended to embrace all other cell
systems which behave similar to microcarrier systems
including, for example, cells encapsulated in beads and
cells which collect as particles of sufficient mass that
they will settle by grfavity similar to microcarrier
systems.

a typical cell culture perfusion system may be
described with reference to Fig. 1. In such a system,
biomass particles 15 (enlarged for illustration purposes),
which are typically microcarrier-bound cells, are suspended
in culture medium 16, which is gently stirred by agitator
17 and maintained at a fixed level within bioreactor or
culture vessel 10. Throughout the ¢ell growth process,
optimum growth conditions are maintained by supplying
oxygen, carbon dioxide, pH-controlling substances, etc. as
necessary. - In additioen, fresh culture medium 1is
contiruously ot semi-continuously added to the vessel
through inlet line 11, while at the same time an equal
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quantity of spent culture medium is withdrawn from the
vessel through outlet line 12. If desired, some of he
spent culture medium may be recycled back to the vessel.
The addition and withdrawal of culture medium through lines
11 and 12 is generally controlled by peristaltic pumps,
although any means of regulating a pressure differential,
flow rate or liquid level may be employed.

The improvement of the present invention resides
in the use of the particle settling chamber 13, which is
disposed within culture vessel 10 and partially immersed in
culture medium 16. This settling chamber is more clearly
depicted in Fig. 2a and generally comprises a hollow
container 14, preferably of cylindrical shape, with a
bottom opening 18 through which the biomass particles 15
settle by gravity back into the agitated culture medium 16
and a top opening 19 through which spent culture medium 21
ig withdrawn from the culture vessel via outlet line 12,

The settling chamber is configured such that the
fluid velocity of culture medium entering upwardly through
the bottom opening is less, and preferably significantly
less, than the biomass particle settling velocity. In the
embodiment shown in Figs. 1 and 2, the uppermost portion 20
of settling chamber 13 has a cone or inverted funnel shape,
wherein the narrow portion 22 of the cone or inverted
funnel defines the top opening 19. In this embodiment the
settling chamber 13 is closed to the atmosphere with the
culture wvessel 10 and the top opening 19 communicates
exclusively to a point outside the culture vessel via
outlet line 12. It may be advantageous to fit a grid 26,
as shown in Fig., 2B, into the bottom opening o¢f the
settling chamber, to sérve as a means to reduce or prevent
agitation within the chamber that might be caused by the
agitated culture medium in the vessel.

It will be readily apparent that the settling
chamber may take a variety of other equally suicable
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cenfigurations and, thus, the present invention is not
restricted to the specific embodiment described above. For
example, two other embodiments are illustrated in Figs. 3a
and 3b. Settling chamber 24, shown in Fig. 3b, is similar
to the one previously described in that it has an
essentially cylindrical shape and 1is not open to the
atmosphere within the culture vessel. However, it has a
plurality of holes 23 disposed along the sides such that
these holes are below the surface of the culture medium 16
during use. These holes are sized and located so as to
allow culture medium and biomass particles to enter the
settling chamber, while avoiding significant agitation
therewithin and minimizing the entry of biomass particles
into outlet line 12.

Alternative settling chamber 25, shown in Fig.
3a, has a rather different configuration. This embodiment
is funnel shaped with a relatively wide top opening 19 that
is open to the atmosphere within the culture vessel. There
are a plurality of holes 23 disposed along the sides of the
chamber below the surface of the culture medium 16 so as to
allow culture medium and biomass particles to enter the
chamber, but sized so as to minimize agitation therewithin.

In this embodiment, outlet line 12 is a dip tube
which extends through the top opening of the chamber into
the culture medium therewithin.

A fourth embodiment of the present invention is
illustrated in Figs. 4a and 4b. As shown in Fig. 4a, the
culture vessel 10, inlet line 11, outlet line 12, biomass
particles 15, culture medium 16 and agitator 17 are similar
to the corresponding elements shown in Fig. 1. However, in
this embodiment the settling chamber 26 comprises a hollow
container im which one container wall 27 is formed by a

‘portion of the culture vessel wall piece 28 which extends

inwardly from the culture vessel wall and abuts the culture
vessel wall along two separate and approximately vertical
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lines. BAs shown in Fig. 4a, wall piece 28 extends above
the level of the culture medium 16 and the top opening 19
is open to the atmosphere within the culture vessel.
Culture medium is withdrawn through outlet line 12, which
in this case is a dip tube which passes through opening 19
into the culture medium within the settling chamber. Any
bicmass particles 15 which enter the settling chamber will
settle by gravity through bottom opening 18 into the
agitated culture medium,

As will be apparent, settling chamber 26 may
optionally contain a plurality of hcles (not shown)
disposed along wall piece 28, similar to the embodiments
shown in Fig. 3, in order to allow culture medium and
biomass particles to egiter the chamber. Naturally, of
course, any such holes ghould be located far enough away
form outlet line 12 so @g to prevent withdrawal of biomass
particles from the culture vessel and should be sized so as
to minimize agitation within the settling chamber. It will
also be apparent that settling chamber 26 may optionally be
closed to the atmosphere within the culture vessel by
placing a cap (not shown) over it. As a further option,
wall piece 28 may be a continuous annular wall (not shown)
concentric with the culture vessel wall so that the space
between the culture vessel wall and the annular wall serves
as the settling chamber, while the space inside the annular
wall contains the agitated culture medium.

The apparatus of the present invention may be
constructed of any sterilizable material which is suitable
for bioreactors, including stainless steel, glass, ceramic,
polymers, etec. Since the settling chamber may be disposed
at any suitable location within the culture vessel, it can
be sterilized concurrently with the culture vessel. The
use of a settling chamber in accordance with the present
invention avoids the necessity of employing a filter to
prevent biomass particles cells from being withdrawn along



10

15

20

25

30

WO 93/14192 PCT/US93/00272

’8 4
with the spent culture medium, thus avoiding the

possibility of a filter clog which would necessitate the
premature shut-down of the process.

1

ATTACHED CELLS IN A PERFUSION MODE AND COMPARISON _TO
CONVENTIONAL SPIN FILTER APPARATUS AND METHOD

An apparatus and method of the present invention
was tested and found to compared with an existing
conventional spin filter.

In summary, a bioreactor according to the present
invention has achieved substantially 100% of cell retention
for microcarriers and an overall cell retention rate of
95%. This new device does not have the problem of clegging
during a prolonged operation, as frequently happens for
spin filter type bioreactors. When this occurs, the
overall retention rates of a spin filter may drop to less
than 50%. The effective bioreactor working wvolume 1is
higher when the present invention apparatus is used. The
higher retention rate the higher concentration and number
of cells in a bioreactor, such that the resulting products
from the ‘bioreacﬁor are provided more efficiently in
greater yields and purity relative to conventional

bicreactors.
MATERIALS AND METHQDS

A chinese hamster ovary (CHO) cell line was used
toc grow in the bioreactor. A vial of CHO cells were
thawed, then subcultured in suspension through a 250 ml
spin flask, a 3 L spin flask, and 15 L spin flask. The
medium was a 1 to 1 mixture of Iscove's Modified Dulbecco's
mediumt (IMDM) and Ham's F12 modified medium. For the
growth medium, 3% of fetal bovine serum (FBS) were added
while the production medium contained 1% FBS.
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CONVENTIONAL SPIN FILTER BIQREACTQR SET UP
After the cell density reached 10%/ml, cell

suspension from a 15 L spin flask was inoculated into the
80 L agitated Dbioreactor (Applikon, Netherlands),
illustrated in Figure 5 and described herein. The
bioreactor was equipped with a conventional spin f£ilter (75
micron pore size), a hydrofoil impeller, and a sintered
steel sparger (15 micron pore size). The spin filter and
the hydrofoil impeller were attached on the top-driven
agitation shaft. For the perfusion operation, fresh medium
was fed into the bioreactor and the spent medium was
removed from the inside of the spin filter through a
harvest tube ending at the level of 50 L working volume.
A high pumping speed was used on the harvest line to ensure
the level would not be over 50 L. The perfusion is then
controlled by the medium feeding rate. A perforated
stainless steel sheet (Stork Vece Int'l, Type 100 B, 150
micron pore size) was wrapped on the top of the spin filter
to exclude microcarriers from entering the spin filter when
the filter was clogged arnd medium overflew the filter rim.

BIOREACTOR OF THE PRESENT INVENTION SET UP
A bioreactor according to the present invention

was also assembled for a comparison with the use of a
conventional spin filter and a particle settling chamber in
a bioreactor according to the present invention. As
illustrated in Fig. 1, the particle settling chamber is
composed of a stainless steel cylinder (lem inside
diameter}, a plastic bottom plate with numerous holes
(0.5mm pore size;, and four plastic sheets inside of the
cylinder to minimize the ligquid turbulence. For this
protocol device, a filter housing (Paul, P/N: VSGTL1G723L)
was used as the cylinder. It was tri-clamped to a second
harvest tube on the top plate of the bicreactor. The holes
on the bottom plate allowed medium to enter the cylinder
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and microcarriers to settle back into the bulk medium of
the bioreactor. The harvest flowrates were set to be
identical to the medium feed flowrate. The feed and
harvest pump were set at 750L/day flow rates but were
activated by the contrecller for only a small percent of
time in the 1 minute cycle. (For a 50L perfusion rate, the
pump activation percentage would be 50 + 750 = 6.7%, i.e.
4 sec. per minutes.)

For the 50 L working volume of medium in the 80
L (total volume) bioreactor, a total of 250 g cf Cytodex-3
was used to achieve the final microcarrier concentration at
S g/L. After inoculation, the agitation of the bioreactor
was turned on for 10 minutes at 10 rpm and then was turned
off for 20 minutes to promote the attachment of cells on
microcarriers. This agitation pattern was repeated several
times before the agitation was maintained at 25 rpm. At
Day 5, the bioreactor was put on the perfusion of growth
media at 0.5 working volume per day, i.e. around 25 L of
medium per day. The harvest was through the spin filter.

The perfusion rates and the agitation were
adjusted several times during the run to exam the effects
on production, retention rates, etc. On Day 9, the
perfusion rate was increased to 0.75 volume/day. On Day
10, the agitation rate was increased to 50 rpm. On Day 11,
the perfusion rate was increased to 1 volume per day. On
Day 12, the perfusion was increased to 1.5 volume per day
with 25 L/day of growth medium (3% FBS) and 50 L/day of
production medium (1%FBS). On Day 12, the perfusion was
done with 1.5 volume of production medium per day. On Day
17, the agitation rate was increased from 50 rpm to 75 rpm
to improve oxygen transfer capability and to decrease
foaming. On Day 19 the harvest of perfusion operation was
switched from the spin filter to the patent device, an
internal seétling tube, to compare the retention rate. On
Day 28, the perfusion rate was increased to 2 volumes per



10

20

25

30

WO 93/14192

PCT/US93/00272

11

day and the perfusion was switched back to the spin filter.
On Day 30, the run was terminated.

RESULTS AND DISCUSSIONS

The retention rates of microcarriers and attached
cells remained at a constant value of 100% throughout the
30 day run. Table 1 summarizes the cultivation time,
perfusion rates, cell concentrations in the bioreactors and
in the harvest and retention rates. The overall retention
rates were calculated by dividing the cell concentration of
the harvest with the sum of attached and unattached cell
concentrations in the bioreactor. Using the worst case of
Day 23 as an example, the overall retention rate of the
settling tube on that day was 6.3x10° / (9.8x10° + 1.27x107)
= 95.4% for the perfusion of the present invention.

Before the switch of perfusion from the spin
filter to the settling tube on Day 19, the bioreactor
working volume had increased to 10% higher, which was an
indication that clogging of the spin filter had already
occurred. Since the medium level in the bioreactor was
higher than the rim of the spin filter, the medium
overflowed the filter. The perforated screen on the top of
the spin filter could prevent microcarriers, but not
suspension cells, from entering the harvest =zone. The
clogging would become worse and the retention rates of
suspension cells would have decreased further, unless the
switch was made over of harvest mode on Day 19 to the use
of the settling tube bioreactor of the present invention.

After the settling tube was used, the retention
rates of microcarriers and attached cells remained at 100%.
The total retention rate is superior  with an overall
retention rate of over 95% using a settling tube bioreactor
of the present invention.

Note that the settling tube device had comparable
retention rates with the spin filter, but the later was
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subject to filter clogging during prolonged operation.
Another benefit of the present invention is that the settle
tube takes a much smaller volume than the spin filter.
Consequently, the real working volume in the bioreactor is
higher when the settling tube is used. Recent studies also
show that the diffusion of oxygen and nutrients through the
spin filter is very low, which lead to significant cell
death inside the spin filter. 1In contrast, a settling tube
bioreactor of the present invention does not suffer from
such problems involving sufficiency of oxygen or nutrient
supply. The settling tube design, with much larger holes
on the plate‘ than the spin filter design, clearly has
advantages in this regard.

Note that the pump rate can be decreased for an
even higher total retention rate of the settling tube. For
oxample, the pump flow rates can be set at 150L/day. The
:0L/day perfusion can be achieved with 33% activation of
pumps in the one minutes cycle. The lower pump rates would
lead to a higher retention rate. More dividers can be
inserted into the settling tube to further minimize liquid
turbulence and to maximize the retention rate of suspension
cells.

Accordingly, an apparatus and method according to
the present invention is shown to have comparable or
superior results in cell retention rates and has much
superior bioreactor working volume and substantially no
clogging during prolongéd operation and a higher perfusion
rate.

A bioreactor of the present invention is also
expected to have superior cell retention rates and growth
and production rates over conventional bioreactors for long
term growth, e.g. of more than 10, 20, 30, 40, 50, 60, 70,
80, 90 or 100 days or more than 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11 or 12 months.



THE PERFUSION RUN OF CHO/CYTODEX-3

TABLE |

1330S 310L1188NS

CULTIVA- PERFUSION BIOREACTOR BIOREACTOR BIORERCTOR HARVEST TOTAL TOTAL
CULFLVA- TION DAY | RATE (L/D) SUSPENSION ATTACHED TOTAL CELL/ml CELL/m} RETENTION “

FEOHW HOUR ) CELL/ml CELL/ml RATE %
0 0 0 N/A N/A 1.35E105 N/A N/A

23 1 0 N/A N/A 4 .59E105 N/A N/A
a6 2 0 N/R N/A _2.73E405 N/R H/A
107 q 0 N/R N/R 1.55E+06 N/R N/A
e S 24 N/A N/A 2.02E:+06 3.00E104 95 %
1% & 23 H/n N/A 3.00E106 6 _00E+41013 10014
TR 7 24 1.01E106 S 45E4106 6.46E106 3.60E104 991
RV B 25 9 _44E105 €.85E106 7.79E+¢06 7. 60E104 59%
77218 9 3a 1.14E106 1.33E+07 1.44E+07 7.60E:04 933
246 10 38 1.13E406 1.26E107 1.37E+07 1.02E+05 993

) 268 11 50 8 .40E105 1.93E107 2.01E+07 8 . 00E+104 100%
287 12 75 1 4164106 2.16E107 2.30E107 7.40E104 106%
336 14 75 TT3713Es05 1.40E173 1.40E173 T 2.14E41 05 100%
382 16 75 1.80E+06 1.14E+07 1.32E107 2.66E+05 98}
7405 17 75 2 10E106 1.08E+07 1.29E¢07 2 .69E105 8%
4473 18 75 1.47E+06 9 13E4106 1 . 06E+07 3.53E+¢05 CRE
Y 19 75 2. 16E406 1.33E407 1.58E+07 4.04E+05 97%
a8 20 75 T 1 33Ei06 1.92E107 2.06E+07 7.32E405 961
a5 21 75 1 B4AE 06 1.40E1 07 1. SBE(07 5 161105 971

527 37 75 TTa%EV06e T T A T38E0T 1.50E+07 TTET10E 05 9617
%6 73 75 9 . 82E+05 1.27E107 1.37€+07 6.30E4105 953
598 25 75 1.46E(06 1.37E+107 1.52E407 5. 60Et05 963
625 26 75 T 1751E 06 1.21E107 1.36E107 6.32E105 951
T669 28 100 ENEELE 1.39E+07 1.49E+07 V. 72E1 05 99%
696 29 100 1.56E106 1.05E+07 1.21E407 1.70E+05 39%
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A method for growing biomass particles in an agitated suspension culture

vessel, including concurrently

2.

(@)

adding fresh culture medium to an agitated suspension culture vessel

containing biomass particles; and

(b)

withdrawing spent culture medium from said agitated suspension

cuiture vessel containing biomass particles through a side perforated particle

settling chamber which is at least partially immersed in an agitated culture

medium within said vessel containing biomass particles, wherein

(i) said particle settling chamber includes a hollow container with a
bottom opening through which said biomass particles settle by gravity
back into the agitated culture medium and a top opening through which

the spent culture medium is withdrawn from the vessel;

(i) said chamber is configured such that a fluid velocity of the
culture medium entering said container through said bottom opening is

significantly less than a settling velocity of the biomass particles; and

(i)  said hollow container has a plurality of holes disposed along the
sides thereof, said holes being sized and located so as to allow culture
medium and biomass particles to enter said container while avoiding
significant agitation therewithin and minimizing withdrawal of biomass

particles through the top opening thereof.

A method according to claim 1, wherein said hollow container is

(a)

closed to the atmosphere within said vessel,
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(b) said bottom opening being significantly larger in cross-sectional area

than said top opening; and
5 (c)  said top opening communicates exclusively outside said vessel.

3. A method according to claim 2, wherein said hollow container has an

essentially cylindrical shape.

10 4. A method according to claim 2, wherein said hollow container or an
uppermost portion of said hollow container has a cone or inverted funnel shape, and
wherein the narrow portion of said cone or inverted funnel shape defines said top

opening.

15 6. A method according to claim 1, wherein said top opening is open to the
atmosphere within said vessel and the spent culture medium is withdrawn from said
. vessel through a dip tube inserted through said top opening partially into said hollow

. container so as to contact the culture medium therewithin.

20 6. A method according to claim 5, wherein said hollow container has one wall
) which is formed by a portion of the wall of said culture vessel and another wall which
: is formed by a wall piece that extends inwardly from said culture vessel wall portion
g and abuts the culture vessel wall portion along two separate and approximately

vertical lines.

7. A method according to any one of claims 1 to 6, wherein said biomass

particles include microcarrier-bound cells.

PR

-

8. An apparatus for growing biomass particles, including an agitated suspension
30 culture vessel, a particle settling chamber disposed within said vessel such that it will

be at least partially immersed in agitated culture medium during use, wherein
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(i) said particle settling chamber includes a hollow container with a bottom
opening through which said biomass particles settle by gravity back into an
agitated culture medium and a top opening through which spent culture

medium is withdrawn from the vessei;

(i) said chamber is configured such that a fluid velocity of the culture
medium entering said container through said bottom opening is significantly

less than a settling velocity of the biomass particles; and

(iiy  said hollow container has a plurality of holes along the sides thereof,
said holes being sized and located so as to allow the culture medium and
biomass particles to enter said container while avoiding significant agitation
therewithin and minimizing withdrawal of biomass particles through the top

opening thereof.

9. An apparatus according to claim 8, wherein said top opening communicates
solely outside said vessel and said bottom opening is significantly larger than said
top opening, wherein during use said hollow container is closed to the atmosphere

within said vessel.

10.  An apparatus according to claim 9, wherein said hollow container has an

essentially cylindrical shape.

11.  An apparatus according to claim 9, wherein said hollow container or an
uppermost portion of said hollow container has a cone or inverted funnel shape,
wherein the narrow portion of said cone or inverted funnel shape defines said top

opening.

12.  An apparatus according to claim 8, further including a dip tube which extends

from a point outside said vessel through said top opening partially into said hollow
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container, such that during use said dip tube contacts the culture medium within said
hollow container, wherein said top opening is larger in cross-sectional area than said

dip tube.

13.  An apparatus according to claim 12, wherein said hollow container has one
wall which is formed by a portion of the wall of said culture vessel and ancther wall
which is formed by a wall piece that extends inwardly from said culture vessel wall
portion and abuts the culture vessel wall portion along two separate and

approximately vertical lines.

14.  An apparatus according to any one of claims 8 to 13, wherein said hollow
container includes a grid located at or near the bottom opening, said grid reducing or

preventing agitation within said hollow container.

15.  An apparatus according to claim 14, wherein said grid is configured so as to

readily allow biomass particles to pass through during use.

16. A method for growing biomass particles substantially as herein described with
reference to either of the embodiments illustrated in Figures 3a and 3b of the

drawings.

17.  An apparatus for growing biomass particles substantially as herein described
with reference to either of the embodiments illustrated in Figures 3a and 3b of the

drawings.
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