Li qui d- gas- phase exposure reactor for cell culturing Description [0001]
The invention relates to a nmethod and a device for initiation of cel
grow h and for cultivation of cells in high densities, wherein the cells
to be cultivated are located in hollow s filanment nmenbranes and are
brought alternately into a liquid nutrient nmediumand a gas phase present
t hereabove. Prior art [0002] Mammalian cell cultivation for the synthesis
of bi opharmaceutical Hrqnid-gas-pbper expesuretroactar fidnycellrutringed r eact or s.
Heretofore airlift reactors have been used | ess frequently and hol | ow
fiber reactors very rarely for servicing the market with drugs based on
mamrel | Besceiptibs. To inprove the volunetric product yields in stirred
reactors, the cell density and the effective production tine of the cells
are increased by optim zing the nethods and using nutritional reginens
speci fi e; b oA Lo f t . The production technpl.ogy
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the 20 products in the culture chanber, the need for separation of cells
from t hé'HatVest supernatant, the cleaning and sterilization expenses
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regimens specific to the cell lines in fed batch methods. The production technology is laid out in
15 bioreactor trains containing three to four stirred reactors, each with a volumetric capacity of
approximately five times that of the preceding bioreactor. The largest available stirred reactor for
cultivation of mammalian cells currently has a volumetric capacity of 20,000 liters. Fed-batch
processes in stirred reactors are robust, can be scaled up to the cited volumes and long ago were
accepted by the authorities for drug synthesis. Disadvantages are the long dwell times of the
20 products in the culture chamber, the need for separation of cells from the harvest supernatant, the
cleaning and sterilization expenses incurred during multiple use and the high investment and
operating expenses for plants equipped with this technology.
[0003] For proteins such as factor VII, which are susceptible to degradation and thus impose a
short dwell time in the bioreactor during synthesis, there have been developed devices and
25 systems that permit perfusion of the culture chamber and thus continuous operation of the stirred
reactors. For this purpose, efficient cell retention with continuous media feed and product
harvesting is necessary. Spin filters are used here in the interior chamber of the stirred reactor,
while support materials in the form of fluidized or stationary beds are used in the traps, where the

production cells can adhere to surfaces. The continuous mode of operation of stirred reactors can



production cells can adhere to surfaces. The continuous node of operation
of stirred reactors can also be achieved via external cell-retention
systens, such as cell sedinmentation, continuous cell centrifugation or
ultrasonic cell collection. Advantages of the continuous node of operation
are short product dwell times in the bioreactor, constant product quality
during synthesis, increase of the volunetric productivity and greater
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25 steps involving pressurization (1989, US Patent 4804628 A) nor the
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20  system, the cells are cultivated in a bag system, which is systematically agitated in order to
improve intimate mixing. One advantage of this reactor technology is the one-time usability of the
culture system. Disadvantages are the low achievable densities and the limited scale-up capability.
[0005] In all cited methods and devices, uniform nutrient supply and in particular oxygen supply
at high cell densities is problematic. Neither the attempt to solve this problem via complex process

25 steps involving pressurization (1989, US Patent 4804628 A) nor the direct introduction of oxygen
into the cell culture chamber via a further membrane system 1986, German Patent 2431450 Al
and 1995, German Patent 4230194 A1) led to culture systems whose scale could be increased as
desired and in which the cells could be uniformly supplied. In hollow-fiber bioreactors, in which
the cells are cultivated between the hollow fibers and the nutrients are transported in the lumen of

30  the fibers, scale-up is limited by the length of the hollow fibers. However, the length of the hollow
fibers is limited by consumption of the oxygen from the hollow fibers. Thereby scale-up is

possible only by the use of parallel units. In practice, however, this leads to unprofitable



and 1995, German Patent 4230194 Al) led to culture systens whose scale
could be increased as desired and in which the cells could be uniformy
supplied. In hollowfiber bioreactors, in which the cells are cultivated
bet ween the hollow fibers and the nutrients are transported in the |unmen of
30 the fibers, scale-up is limted by the Iength of the hollow fibers.
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cells with fresh gas and liquid nutrient conponents. [0006] In
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are di $pogpidgion celbpyltivalivn. a shaft, and are rotated in a cylinder that is
hal f-filled with mediumand hal f-filled with gas. An advantage of this
arrangenent is the cyclic exposure of these cells to both phases.
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Co. and 1s being sold by the Sartorius™ Co. In this bioreactor, the cells that adhere to surfaces are

immobilized on disks of carrier material. The disks are disposed in series on a shaft, and are

rotated in a cylinder that is half-filled with medium and half-filled with gas. An advantage of this

arrangement 1s the cyclic exposure of these cells to both phases. Disadvantages are the limitation

20  of the system and method to adhering cells, the presence of detached cells in the harvest fluid and

the limitation of scale-up capability.
Object of the invention

[0008] The object of the invention is to further improve the method described in WO 03/064586
A2,

25 Achievement of the object



the limtation of scale-up capability. Object of the invention [00081 The
object of the invention is to further inprove the nethod described in WO
03/ 064586 A2. 25 Achi evenent of the object 3 [0009] The object was

achi eved as specified in the clains. According to the invention, the
initial growh and cultivation of cells is undertaken in a
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thereinin phase [0010] According to a preferred
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By rotating heactoh in one is direction and then in the opposite
di rection, cyief%’lnc eépsosléﬁggof the holl owfilanent nmenbranes and thus of
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the rotationai s sjePpedefor a certain time after 180 in order to 20

achi eve equa exposure tlnes in the gas and |iquid phases. The hol di ng
times can be variably adjusted Thereby it is ensured that the cells are

suppl i T’&)ﬁ)l]j xf\clc((grlcl?nr}gt J[oy a pre orrod | [tér%gttiée gllljli)mﬂ%e%p Sf the inventive method, the hollow-
filament membranes are oriented horizontally in the bioreactor. After the reactor has been filled,
half of the membranes are covered with nutrient medium. By rotating the reactor 360° in one
15 direction and then in the opposite direction, cyclic exposure of the hollow-filament membranes
and thus of the cells in the gas or liquid phase is achieved.
[0011] Rotation in one direction and then in the opposite direction prevents the tubing connected
to the reactor from becoming twisted.
[0012] According to the invention, the rotation is stopped for a certain time after 180° in order to
20 achieve equal exposure times in the gas and liquid phases. The holding times can be variably
adjusted. Thereby it is ensured that the cells are supplied sufficiently with nutrients during the
dwell time of the membranes in liquid nutrient medium and sufficiently with oxygen during the
dwell time in the gas phase. By varying the holding times, it is simultaneously possible to adapt to

the individual metabolic requirements of the individual cell lines.

25 [0013] Alternatively, the cyclic exposure of the hollow-filament membranes can be achieved by
immersing the hollow-filament membranes in the nutrient medium and then lifting them into the
gas phase. Different dwell times of the cells in the two phases can be achieved by this procedure.
[0014] To implement the inventive method, cells of low density are first introduced into the
culture chamber, whereupon they grow to cells of high density. By using gels -as described in

30 International Patent Application WO 03/102123 A2 -it is possible to introduce, into the culture



dwel |l tinme of the nmenbranes in liquid nutrient nmediumand sufficiently with
oxygen during the dwell tinme in the gas phase. By varying the hol di ng
times, it is sinultaneously possible to adapt to the individual netabolic
requirenments of the individual cell lines. 25 [0013] Alternatively, the
cyclic exposure of the hollowfilanent nmenbranes can be achi eved by

i mersing the hollowfilanment nmenbranes in the nutrient nmedium and then
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fluids morﬁd;mrds conposed of m croscopl cally small gel fragnments. [0015]
The cells are introduced into the conpartnments via a central charging
system outside the s supply chanber, so that sinultaneous uniforminput of
t he ceI : rt. 0
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with the nethod described in International Patent 10 Application WO
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i5  publication, there is needed a device for production of the variably adjustable mixture of gas and

he

cell culture media, and so movement of the membranes - especially by rotation - would
necessitate further complicated provisions with respect to the connections.
[0018] The inventive device is composed of a cylindrical or spherical two-phase supply chamber
(which can be charged with gas and medium respectively), in which -paraliel to the longitudinal
20  axis of the cylinder shell- polymeric, cell-retaining, micro filtering, hollow-filament membranes
having an inside diameter of no more than 5 mill are fixed in the end plates, the inner volumes of
which form culture compartments, in which the cells to be cultivated are disposed, the supply
chamber containing a gas phase through which a gas mixture can flow and a liquid phase through
which a culture medium can flow, each hollow-filament membrane having a spacing of at least 5
25 mm to the neighboring hollow-filament membrane over the length of the cylinder, the hollow-
filament membranes being symmetrically disposed relative to an imaginary cross section along
the axis of rotation of the cylinder and no membrane being disposed on an imaginary cross-
sectional plane along the axis of rotation of the cylinder.
[0019] The membranes are permeable for all substances but not for whole cells. The culture

30 chamber, composed of the total volume of the compartments, is partitioned from the supply



[0018] The inventive device is conposed of a cylindrical or spherical

t wo- phase supply chanber (which can be charged with gas and nedi um
respectively), in which -parallel to the longitudinal 20 axis of the
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section along the axis of rotation of the cylinder -which for practical purposes represents the phase
boundary. No membranes are located on the imaginary cross-sectional plane along the axis of
rotation of the cylinder. In this way it is ensured that, during the holding times, all membranes are

20 either completely in the gas phase or completely in the liquid phase.

[0024] The inventive device is novel compared with the device described in WO 03/064586 A2,
since two-phase operation is not provided therein. Furthermore, it does not need any special
device for production of a mixture of gas and media or for collection of liquid from the spent
mixture of gas and media.

25 [0025] For input and removal of gas, every end plate of the cylinder contains at least two ports
which are respectively disposed above and below the imaginary cross-sectional plane, so that
continuous supply with gas is ensured even during rotation of the cylinder around its axis of
rotation.

[0026] Furthermore, at least one tubing port for media perfusion and at least one inlet for

30 introduction of seed cells into the culture chamber are disposed on the head faces.



possi bl e packi ng density can be ensured in the supply chanber. Further
space-savi ng devices are is not necessary. [0023] The hol |l owfil anent
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[0032] The features of the invention follow from the elements of the claims and from the

description, both individual features and also pluralities of features in the form of combinations
representing advantageous embodiments for which protection is applied for with this
specification.

20 [0033] The substance of the invention comprises a combination of known elements (partitioning
of culture and supply chambers by membranes) and new elements (arrangement of the membranes
in the supply chamber, rotatability of the device, alternating exposure of the cells in the gas and
liquid phases respectively), which influence one another mutually and in their overall effect lead
to an advantage in use and to the desired success, which lies in the fact that there is achieved the

25 capability of effective continuous cultivation of cells in high densities and of recovery of products

from these cells with simultaneous cell retention.
[0034] The invention and its function will be explained hereinafter with reference to figures. The
purpose of the figures is to permit better understanding, but they are not to be construed as the

only constructions with which the claims can be implemented.

30 Figure 1: Schematic diagram of the bioreactor system



to the two phases. [0030] Alternatively, the ports for the gas supply are
nmounted not on the head faces but on the «cylinder shell, above and bel ow
the i magi nary cross-sectional plane. [0031] The inventive use of the device
lies in the cultivation of cells at high densities and in the recovery of
cell products, cell constituents, viruses, proteins or |ow nolecular weight
subst ances, 15 such as drugs as well as diagnostic and research reagents.
[ 0032] The features of the invention follow fromthe elenents of the clains
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15 module and discarded, while the concentrated product is recycled to the product-collecting vessel.
Advantageously, all elements of the bioreactor system, beginning with the port on the gas-mixing

station, are disposable materials The pumps are designed as hose pumps.
Figure 2: Longitudinal section of the cylindrical two-phase supply chamber

[0036] During reactor operation, the cylindrical supply chamber (12) contains a gas phase (5) in
20 the upper part and a liquid phase (6) in the lower part, the two phases forming a phase boundary
(7). On the left, the supply chamber is terminated by an end plate (1) for the feed of gas and
medium, and on the right it is terminated by an end plate (2) for discharge thereof. On the right
terminated which terminates. Gas is passed through ports (3, 4) in the end plates. Media transport
takes place via central ports (8, 9) -located on the axis of rotation of the cylinder -in the respective
25 end plates. The individual culture compartments for the cells are designed as identical hollow-
filament membranes and are represented in the supply chamber by parallel black lines. Input of
the cell suspension takes place separately from the gas and media supply, via ports (10) shown in

solid black in the end plates. For uniform seeding with the cells in all hollow-filament



supply chanber is ensured by a gas line, which is conposed of a gas-m xing
station (13) and a gas humdifier (14) for the gas feed into the cylinder
and of a nmedia trap (15) and a contamination trap (16) for the gas

di scharge out of the cylinder. The flow of |iquid phase through the
cylinder is ensured by a nedia |line, which is conposed of the nedia
reservoir and a punp (17) for the nedia 10 feed and of a punp (19) and the
pr oductmeobilaeey thegovte ssein deAQjistfibutinghehadibss{at ge/hidhame trhenayhnind®n. with the
Furt her.nore, a neasuring-sensor train (18) for neasuring the oxygen, pH and
t enper 4HiGHar §Race "t"éﬁ"r‘&g’éft‘n‘ﬁ‘iaﬁh‘fq?@’ ‘ﬁ%’ﬁ%&?@@bmﬂﬁe. A circul ation containing
a punp (21) and an ultrafiltration nodule (22) is connected to the
product -col | ecti ng vessel for concentration of the product in the product-
col | ectHiggred skl vigw Of theTdnal plated o€ the supplyf ¢Hamlxtre i s di scharged at the
bottomof this ultrafiltration is nodul e and di scarded, while the
concentrated product is recycled to the product-collecting vessel.
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takes place via central ports (8, 9) -located on the axis of rotation of
the cylinder -in the respective 25 end plates. The individual culture

conpartnments for the cells are designed as identical hollow filanent
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lines. Input of the cell suspensiOn takes place separately fromthe gas

and medhiese sxgpplys. via ports (10) shown in solid black in the end plates.
For uniformseeding with the cells in all hollowfilanent 8 menbranes, the
ports end in cell-distributing chanbers (11), which are in comunication
with the interior space of every individual hollowfilanment nenbrane.

Figure 3: Top view of the end plates of the supply chanber
Practical examples:

Example 1: Cells of high density

[0039] Two bioreactor systems were constructed according to the scheme illustrated in Fig. I.
15 The cylindrical supply chamber had a total volumetric capacity of 14 liters. During the process,
the liquid phase contained 7 liters, In both cases, 144 hollow-filament membranes each 500 mm in
length were disposed in axially symmetric arrangement in the supply chamber. Seeding with cells
in the interior spaces of the hollow-filament membranes took place with cells of high density in
PBG1.0 basic medium containing 0.02% of added human serum albumin via the seeding ports in
20 the end plates. The cell line produces a human protein, which can be isolated from the culture
supernatant by a one-step chromatographic method and then assayed exactly as to its content. The
culture time was 10 and 23 days. Over this time, a mixture of air and 5% CO, was passed
continuously through the gas phase of the supply chamber. In total, a quantity corresponding to 11

liters in 10 days and 24 liters in 23 days was used to supply the cells in the runs. During the



[0037] In the top view of the feed end plate (1) there is illustrated one
of the arrangenents used 5 for the inlets for gas -shown as small circles
-and for medium (8) into the supply chanber. The top view of discharge end
plate (2) shows the central port for product discharge (9) and an
arrangenment used for the gas-discharge ports, which are shown as snal
circles. In this exar]éple four ports, represented by black dots, for
seedi nF*REERCRH heckquid-phasseand; a5 Phrse $XPOBYE SYelgs Wereersh BF secppds balimeanthe
Pl at s, okl GRoGANRE AGRAIGRM N G E’iﬁ{u?ﬁg BHPLAE GOUNEELLRR: 130 BAORTlwhe
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Total quantity of protein (mg) 48 168

[0040] High cell densities were successfully achieved in the system. Furthermore, 48 mg and 168
mg of protein were formed during the process and were collected from the cell-free culture

supernatant into the corresponding product-collecting vessel.

16 Example 2: Cells of low density

[0041] Cells in living cell densities of 1.3E5 cells per milliliter of culture chamber were used for
inoculation in two two-phase exposure reactors, each containing 12 hollow-filament membrane
shaving a Iength of 200 mm, and were cultivated for 4 days while both plastic reactors were being
rotated. Prior to inoculation, the cells were mixed with microscopically small gel fragments of
15 HSA. Media exchange was effected discontinuously. The metabolic activity was measured via the
glucose consumption. After completion of the runs, the cell densities were determined by

harvesting the gel together with the cells contained therein and counting via Trypan Blue. Within

10



conpartments. Bioreactor run 1 (10 days) Bioreactor run 2 (23 days) Total
cell count in inoculum1.5E7 1.8E7 [cells per m of culture chanber]
Viability of inoculum[% 67 80 Total cell count of harvest 2.4E7 2.25E7
Viability of harvest (%9 54 29 Total quantity of protein (ng) 48 168

[ 0040] High cell densities were successfully achieved in the system
Furthernore, 48 ng and 168 ng of protein were formed during the process
and werthe slirt edtusel tifmepeprptaneion ef ithef cedle t@ GES Uiveng @lipeplenmﬁlﬁﬁter iofitdturhehamber
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cul t ur eicehasdher were used for inoculation in tw two-phase exposure
reactors, each containing 12 holl owfilanment nmenbrane shaving a | ength of
200 mm and were cultivated for 4 days while both plastic reactors were
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m cr oscop gnents o Medi a exchange was effected
di sconti nuously. The netabolic activity was neasured via the gl ucose
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of the cell 0 6E5 l'iving ce ter t ure chanber

times) camgrasfSvith aonmentoeb] sysers. m I liliter of cuI ture chanber (3.8 tines)
was successfully achieved. Exanple 3: Functioning principle of the

bi oreactor system 5 [0042] The supply principle of the bioreactor is based

on expasafpld P Hslhdioaldrefdgbehy in nmedium and in a gas mxture, thus
making it possible to inprové the supply of the cells with oxygen conpared

wi th conventional systens.

[0043] The core piece of the bioreactor is a cylindrical plastic reactor mounted horizontally. In
10 this vessel, hollow-filament membranes are clamped over the length, parallel to the axis of
rotation, as illustrated in Fig. 2. Hereby two chambers separated from one another by the
membranes are created in the cylinder. One is the supply chamber, which surrounds the hollow-
filament membranes and is composed of a liquid phase and a gas phase. The boundary between
these two phases is sketched in Figs. 2 and 3. The other is the space inside each hollow-filament
15 membrane. The sum of all hollow-filament internal spaces represents the culture chamber for the
cells. Via the number of hollow-filament membranes disposed symmetrically around the axis of
rotation, the system can be scaled-up to any desired size in terms of its culture chamber. The two
chambers have separate inlets, and are partitioned from one another. The only communication
between the supply chamber and the culture chamber is represented by the pores of the
20  membrane. With an advantageous pore diameter of 0.1 to 1.0 ug per milliliter, these pores are
permeable for small molecules and proteins, but not for the cells. The overall device cited and

described in Fig. 1 ensures that gas and liquid can be passed continuously through the system.
[0044] The bioreactor system also includes a mobile hardware unit, the pumps and compressors,
as well as measuring and control units. Furthermore, this unit also includes a drive motor and a

25 rotary device, which permits mounting and rotation of the plastic reactor.

Example 5: Functioning principle

11



Exanpl e 4: Construction of the system[0043] The core piece of the

bi oreactor is a cylindrical plastic reactor nmounted horizontally. In 10
this vessel, hollowfilanment nmenbranes are clanped over the |ength,
parallel to the axis of rotation, as illustrated in Fig. 2. Hereby two
chanbers separated fromone another by the nenbranes are created in the
cylinder. One is the supply chanber, which surrounds the hollow filanment
menbranes and is conposed of a |iquid phase and a gas phase. The boundary
bet wee t I.S.Sketeh i.n Figs. and 3. The other. is t.he
Dot e k38R, ARyt SRS AR gt Becdtuts
hol I owrbiatianentle ik esmisd adipadas tieopsReen Sl e, CUlstivfabon BRP Br advaiitagdoRsly
cells. Via the number of hollowfilanment nenbranes di sposed symetrically
ar ound TEPR&Les VR integppiqnogyer o criire banrrack me t5ea Thg-aghtibages ! deoiation
size | I.s1: 1 I er. The two chanbers have separate
inIets?Wgﬁéﬂg¥g&%g%ﬁwg&aﬁﬁgﬁfggﬁpghe anot her. The only conmuni cati on

bet weerPhabe retajppl to thhapidry 808 t he cul ture chanber is represented by the
por es 3¥ th% %ﬁhnenbrane. Wth an advant ageous pore dianeter of 0.1 to 1.0
g per My LIRS Rese pores are permeable for small nol ecul es and

prot ei Mhasdubtad@ tof tRE rib@ b s. The overal | device cited and described in
Fig. 1 ensures that gas and liquid can be passed continuously through the

syst emPhajdalfingltree bi or eact or system al so i ncl udes a nobile hardware unit,

the pu and_conpr.essaors as well as nmeasuring and control units.
Furthe?ﬁ%%%?gﬁﬁrggﬁﬁ?F%gpg%mincludes a drive notor and a 25 rotary device,

whi gh Peege iddigpyintd Nng and rotation of the plastic reactor. Exanple 5:
Functioni ng principle [0045 ,By neans of the rotary device, the plastic
r eact o IpsCT refatirantodholefidyi k8)°axis of rotation in a rotation cycle that can

be ada . the. respective cell line. This rotation cycle is
advantgggghéﬁyhﬂﬁgégated Wi t hout interruption over the entire bioreactor

run tinme. The eight phases of a rotation cycle are listed bel ow by way of
exanpl Phase: rotation to the right by 180 Phase: holding ti me Phase:
r ot ;Ti (e[p]()cfédj ﬁsh erqeaﬁ‘f ohg rfga@ion p}y51§:e ;hg%mag%h@aQ ipgdormed one full re%olution in one

direction and one full revolution in the opposite direction and is once again disposed in the
is  original starting position. The alternation of direction of rotation permits media and gas to flow
through ports, which are integrated in fixed position in the reactor and to which plastic tubes are
fixed. In contrast to the majority of mammalian-cell bioreactors, therefore, the system operates
effectively without mobile structural components that project into the sterile supply or culture
zone, such as impeller shafts or media and gas feed tubes. Thus the associated contamination risk
20  does not exist, and no expenses are incurred for safeguarding corresponding rubbing surfaces, for
example by double rotating mechanical seals.
[0047] The system construction and mode individual of operation simultaneously ensure that
every hollow-filament membrane is subjected to identical exposure conditions in both phases over
the entire bioreactor run time, regardless of the number of such membranes in the system. The
25 exposure in the gas phase primarily achieves the supply of oxygen, while the exposure in the
liquid phase achieves primarily the uptake of dissolved nutrients and the discharge of metabolic

products. Both nutrient medium and gas mixture can be fed continuously.

Advantages / novel features:

Reactor with integrated cell retention system as disposable article

12



Phase: rotation to the left by 180 10 Phase holding tinme Phase: rotation
to the left by 180 Phase: holding tinme [0046] As the result of a rotation
cycle, the reactor has performed one full revolution in one direction and
one full revolution in the opposite direction and is once again disposed in
the 1s original starting position. The alternation of direction of
rotation permts nmedia and gas to flow through ports, which are integrated
i n fi xédepbsine isgrerimpalild for pedeinoperamiting oclivfiec hanpbsisggi ¢ t ubes are fixed. In

contrast, _to the majority of. mammal i.an-cell  biqreactors, therefore, the

yot emisiat S TRE PRI SR tn vk TG R oetith A e Phat

pr oj ectshoRtdfftdien zltﬁé’fo'r@x%éﬂ@hﬁn@@x%&hﬁé&h@hq ZRMAasesuch as inpeller shafts
or nedia and gas feed tubes. ThuS the associated contam nation risk 20 does

not exilst gragigat wematipeindesgasmbiasandihe expobwie rersfas guarn the Fgethoritesisestdi ng

rubhin . , . | e rotatin hani cal _seal s 047]
The Jsyat BrBRER st Bhisn WUREP HE B RBHY GRSl B B GPhne BhBn syt
ensur e gabat flowevieoygihalnkiauwedstst arpauringfbaie i s subjected to identical
exposure conditions in both phases over the entire bioreactor run tine,
regardl ess of the nunber of such nmenbranes in the system The 25 exposure
in the gas phase primarily achi eves the supply of oxygen, while the
exposure in the 1liquid phase achieves primarily the uptake of dissolved
nut r i eMefingtichst he di scharge of netabolic products. Both nutrient medium
and gas m xture can be fed continuously. Advantages / novel features:
Reactor with integrated cell retention system as disposable article 12
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| denti cal exposure conditions for every individual hollowfilanent menbrane
i n t he ceNspasmill@ieraf ciltfeybaoberpat hs for oxygen during exposure in the gas
phase No gradient formation in the gas phase of the exposure reactor over

the length of the reactor 5 A plurality of gas ports, which are distributed
apps opidedit &f Yoo defisifvhee ailtlc@PShadGhe WaIl @anfS  WMithe culture chamber lies between [E4

and 1E7 per milliliter of culture chamber.

Cells of lowest density: A culture with the lowest cell density is achieved at densities lower than

1E4 cells per milliliter of culture chamber.

Nutrient medium: Nutrient medium is an aqueous solution containing the nutrients essential for

15 the cells, such as glucose, amino acids and trace elements.
Gas mixture: Within the meaning used here, a gas mixture advantageously describes a mixture of
air and carbon dioxide with variable mixing ratio. Furthermore, the present meaning of the term

gas mixture also includes variable mixing ratios of nitrogen, oxygen and CO,.

List of reference numerals:

1 Feed end plate 11 Cell-distributing chambers
2 Discharge end plate 12 Cylindrical supply chamber
3,4  Ports for gas supply and removal 13 Gas-mixing station

5 Gas phase 14 Gas humidifier

13



gas to flow through continuously even during rotation Definitions: Cells
of high density: A culture with high cell density is achieved at cell

densities greater than 1E7 cells per mlliliter of culture chanber. 10
Cells of |ow density are achieved when the cell density in the culture
chanber lies between E4 and 1E7 per mlliliter of culture chanber. Cells

of lowest density: A culture with the |owest cell density is achieved at
densitites | dwpndphaa | E4 cells per millbili Madicofrapeul t ure chanmber. Nutrient
medi um,, Nut (r;,ihent (ﬁi umis an aqueous ﬁgl ution containing the nutrients

I

ne
essenti‘al oMUY cell's, such as gltHcos&PMEHIMGAHs and trace

el ementgs. GaglefoX hi¢tiRim Mehidipothe nmeanijngiaused hepgpsa gas mxture .
advant ageously describes a mixture of alr and carbon dioxide with variable
m xi ng 9 at i §enfrgirnoRdpppioductidiwhpigesent 2deanitiigafdfraidonemodylen gas mi xture

al so inglud [ m xi.ng ratios of,,nitrogen, oxygen and CO2. List of
refer egge n%@gggc{rstﬁpélﬁwéeec eng pl at e 1%3Cel 9%1%9?\i’1%9/uti ng chanbers 2

Di scharge end plate 12 Cylindrical supply chanber 3,4 Ports for gas supply
and renmoval 13 Gas-m xing station 5 Gas phase 14 Gas humdifier 13 6

Li qui d phase 15 Media trap 7 Phase boundary 16 Contami nation trap 8 Inlet
for medium (central port) 17, 19, 21 Punps 9 Central port for product

di scharge 22 Utrafiltration nodule 10 Ports for the culture chanber 23
Rotary device 14 Clains 1. A nethod for initiation of growth and
cultivation of cells in a |iquid-gas-phase exposure
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bi oreactor containing a supply chanber in which there are di sposed
hol | ow-fi |l anment nenbranes having an inside dianmeter of no larger than 5

m |l and whose inner volume 5 fornms culture conpartments, characterized by
the follow ng steps: introduction of the cells into the culture
corrpartrrents filling approxi mately one half of the supply chanber with

nutri entClaB® um and the other half with a gas m xture turning on perfusion
of medium and gas simnultaneously or separately 10 - cyclic exposure of the
hol | ow-fi | anent nmenbranes and of the cells contained therein in the gas or

l'i qui d phasenithodl foeinidioact et thgmtieutivaiion df cativar aQiqai‘d Z8chHake &dpaturkhe
hol | ow-fi | anent nmenbranes are  orienfed horijizontally ter the reactor has
been fille 10rﬁ%ﬂt‘?r SANLIHAE e AEIAN S8agPY WoWBIcE dherg Qrﬁ dﬂ%lftols?‘éﬁ? lowediilamgntand

cyclic expogihigafds Hab el havs il e dgelg%?ﬂﬁiﬁ 9 fhill Snd 8?&’ ﬁlqeLbVolﬁﬂEat ' ng

the reactor 360 in one dlrectlon and then posite direction.
met hod accdedisnapltue Qolrrmartn@ntscﬁaarmmhpmafnlldmmig stdpe rotation takes pI ace

in two 180 steps W t g@gr ated f rom one anot her by variably
adj ust abl e wai ti ngt ﬁ%éon intg ARG CHIHER I HE | ow- f i ber nembr ane

spends the sane t iillthgl dpptdx@nkteBUid HRITRTehedSiphly chi@berd@Sh Hﬁtﬂ%@t mé&Burtt-and
met hod according to claim 1, characterized in"that the cyclic exposure is

achi eved by |nneﬂ@|0ﬁ§ffﬂlﬁﬂé“hthlﬂgﬂﬁﬁmmua¢mnt menbranes in the nutrient medi um
accor ng to claim
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oriented horizontally, after the reactor has been filled, half of the membranes are covered
with nutrient medium, and cyclic exposure of the hollow-filament membranes is

15 achieved by rotating the reactor 360° in one direction and then in the opposite direction.

3. A method according to claim 2, characterized in that the rotation takes place in two 180°
steps, which are separated from one another by variably adjustable waiting times, so that
e¢ach individual hollow-fiber membrane spends the same time in the liquid phase as in the

gas phase.

20 4. A method according to claim 1, characterized in that the cyclic exposure is achieved by
immersing the hollow-filament membranes in the nutrient medium and then lifting them

into the gas phase.

5. A method according to claim 1, characterized in that cells of low density are introduced

into the culture chamber and grow to cells of high density.

25 6. A method according to claim 5, characterized in that cells of the lowest cell density are
introduced into the culture chamber together with gels of cross-linked polypeptides,
which have a high glutamine content, and/or with semisolid media of viscous fluids or

fluids composed of microscopically small gel fragments.



yeasts, fungi and plant or mammalian cells, 8 A nmethod according to claim
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i magi nary cross section along the |ongitudinal axis of the cylinder - no
nmenbrane is disposed on the imaginary cross-sectional plane along the 20
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according to claim d 10, characterized 1| e ports for the gas
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the supply chamber contains a gas phase through which a gas mixture can flow
and a liquid phase through which a culture medium can flow

15 - each hollow-filament membrane has a spacing of at least 0.5 mm to the
neighboring hollow-filament membrane over the length of the cylinder
the hollow-filament membranes are symmetrically disposed relative to an
imaginary cross section along the longitudinal axis of the cylinder
no membrane is disposed on the imaginary cross-sectional plane along the

20 longitudinal axis of the cylinder.

10. A device according to claim 9, characterized in that, for input and removal of gas, every
end plate of the cylinder contains at least two ports, which are respectively disposed
above and below the imaginary cross-sectional plane, and so the supply chamber
containing the hollow-filament membranes can be rotated around its longitudinal axis

25 during supply of medium and gas.

11. A device according to claim 9 and 10, characterized in that the ports for the gas supply
are mounted not on the head faces but on the cylinder shell, above and below the

imaginary cross-sectional plane.



12. A device according to claim9, characterized in that the

hol | ow-fi | anent nenbranes have a wall thickness smaller than 300 m a
wat er perneability of greater than 6 nB/ nR2*h*bar and a pore di aneter of
0.1 to 1 m 13. A device according to claim9, characterized in that the

menbranes are disposed in a, £ 5 hexagonal array in_the supply chanber. 14. A
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perfusion and at least one inlet to the culture chamber are disposed on the head faces.

15. A device according to at least one of claims 10 to 14, characterized in that it additionally
contains tubings, gas humidifiers, a medium trap in the gas line, an ultrafiltration unit in a
10 product-harvesting line, a hardware unit, pumps, compressors, measuring and control

units as well as a drive motor and a frame, to permit mounting and rotation of the device.

16. The use of the device according to claims 9 to 15 for cultivation of cells in high densities
and for the recovery of cell products, cell constituents, viruses, proteins or low molecular
weight substances.

15 17. The use according to claim 16 for recovery of drugs.

18. The use according to claims 16 and 17 for synthesis of diagnostic reagents.



