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USE OF DEPTH FILTRATION IN SERIES WITH CONTINUOUS
CENTRIFUGATION TO CLARIFY MAMMALIAN CELL CULTURES

Related Applications

Priority is claimed to U.S. Patent Application No. 10/871,261, filed on June 21, 2004,
which is incorporated herein in its entirety.

Field of the invention

The present invention generally relates to methods for solid-liquid separation, for
example, separation of cells and cellular debris in a biological sample to thereby prepare a
clarified, cell-free sample. The method is useful as a purification step when isolating proteins
secreted by cells in culture, for example, secreted therapeutic proteins.

Background

Centrifugation is a well-established, continuously operated method for solid-liquid
separation. While bacterial and yeast suspensions are separated using centrifuges on an
industrial scale, the use of continuous industrial scale centrifugation has only recently been
applied to mammalian cell cultures.

Filtration equipment for centrifugation at an industrial scale (e.g., greater than 2200 L
samples) is bulky and presents substantial operational costs, including time for filter installation,
cleaning, and disposal. There are three major points of concern for separation of mammalian
cells in continuous centrifuges on an industrial scale. First, shear forces in the centrifuge may
damage cells and lead to the generation of small debris patticles. The cell damage may result in
release of intracellular compounds (host cell proteins, DNA, proteases), which could increase the
impurity load of the product pool. Second, mammalian cell suspensions are characterized by a
wide distribution of particle sizes (40 um to sub-micron). The size of the smallest particle, which
can be effectively removed by centrifugation, needs to be determined. Downstream filtration
steps (i.e., post-centrifugation steps) are needed to increase centrate clarity to a level suitable for
chromatography. Third, rapid throughput (for example, a reasonable harvest time of about 3
hours), is needed for clarification of cell culture suspensions.

Representative centrifugation equipment and techniques are known, for example, see
Kempken et al. (1995) Biotechnol Bioeng 46:132-138, by Kempken et al. (1995) J Indus Microbiol
14:52-57, by Berthold et al. (1994) Cytotechnology 15:229-242, U.S. Patent No. 5,451,660 by
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Builder et al. and by Tebbe et al. (1996) Cytotechnology 22:119-127. More specifically, Tebbe et
al. was one of the first examples of using a disc stack centrifuge with a hydrohermetic feed
system to centrifuge hydridoma mammalian cells. Tebbe et al. performed the cell separation at
relatively low g forces of 2200 xg and 5700 xg with a low volumetric throughput of 90 kg/hr. Torre
et al., however, did not provide an upper limitation for how fast to spin the cells (rpm creating a
particular g force) or the range of volumetric throughput during centrifugation in order to prevent
shearing of mammalian cells. Tebbe and others only teach a direct correlation that by simply
increasing the g force when spinning down mammalian cells during centrifugation at a particular
volumetric throughput, one can increase performance of industrial scale volumetric purifications.
Due to the peculiarities of mammalian cell systems and the need to account for key components
used in Stokes law (e.g., volumetric throughput and g), a higher g force (over 7000g; higher than
disclosed in Tebbe et al.) increases shearing and induces cell damage. Accordingly, Tebbe et

al. failed to teach the limitations of Stokes law in a rotating flow of a centrifuge

1 2 (p s p 1 ) dz ' . . , g '
V, = —l—é— -Q° .r— - g for application to industrial scale purifications of secreted
n
proteins from mammalian cell cultures. Thus, mammalian centrates produced by methods taught

in the prior art contain large amounts of debris under 1.5 yum, which reduce the capacity of any

subsequent filiration steps thereafter. As a consequence, there is a need for an improved
‘method for the production of purified proteins at an industrial scale.

This new methodology accounts for each conceptual component of Stoke’s law at the
centrifugation step in order to reduce the shearing of mammalian cells. In addition, specific filters
are used in combination with the centrifugation step in order to decrease the overall turbidity of
the filtered centrates. Thus, it is an object of the present invention to determine the key
components (e.g., the g force used to spin the cells and the volumetric throughput used in a
continuous feed through a stacked centrifuge rotors and the size the microfilters) for purifying
isolated secreted proteins via centrifugation and filtration. These practical considerations are
addressed by the disclosed methods for solid-liquid separation of high volume cell suspensions.

Summary of the Invention

The present invention provides methods for clarification of cell samples using
centrifugation and depth filtration by optimizing of key components of Stokes law as applied in a

. . 1 2 (ps - pl ) ' d2 . .
rotating flow of a centrifuge V, = E Q2 . r——— . g and subsequent filtration means for
n
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application to large industrial scale purification of secreted proteins from mammalian or bacterial
cell cultures. Mammalian or bacterial cell cultures can initially comprise a cell suspension, a cell
slurry, or a cell culture, including cultures of at least about 2,200 L, or at least about 15,000 L.
For clarification of large cell cultures, an anti-foaming agent can be used. Accoi'ding tothe
disclosed methods, centrifuging is performed using a balance between gravitational force within
the range of about 8,000 X g to about 15,000 X g and volumetric throughput in stacked
centrifuge rotors for providing a predictable range of centrifugation conditions that accommodate
the unpredictability of Stokes law. These methods can result in a separation efficiency of at least
about 95% following the centrifuging step and a centrate that is substantially free of cells and
debris greater than about 2 um. For depth filtration, the filtration means can include one or more
filters, for example, a depth filter and one or more polishing filters. In particular uses, the final

filter has a pore size of about 0.1 um or about 0.2 pm.

Brief Description of the Drawings

Figure 1 is a line graph that depicts setting velocity of CHO cells of various size under
gravity and in centrifugal fields.

Figure 2 is a schematic drawing that shows the cross section of a disk stack centrifuge.

Figure 3 is a schematic drawing that shows the separation principle of a disk stack
centrifuge.

Figure 4 is a line graph that depicts g force in the SC-6 separator as a function of bowi
speed.

Figure 5 is a line graph that depicts  as a function of bowl speed for the SC-6 separator.

Figure 6 is a line graph that depicts achievable throughput of the SC-6 separator at 8,000
and 15,000 x g (8,800 and 12,000 RPM) as a function of the smallest particle size, which is
removed at 50% size recovery.

Figure 7 is a line graph depicting solids removal as a function of Q/Z and g force.

Figure 8 is a plot of particle size distribution of the IDEC-114 culture, which was used as a
feedstock for the centrifugation experiments. The population between 10 and 35 mm represents
the viable cells, and the population smaller than 4 mm represents the cell debris. The resolution
of the method is 0.6 um; all particles smaller than this size were not recorded (x-axis at log scale).

Figure 9 is a line graph depicting centrate turbidity as a function of operating conditions
for the first set of centrifugation experiments (Example 1).

Figure 10 is a plot of particle size distribution of the centrates obtained during the first

centrifugation experiments (run numbers correspond to operating conditions detailed in Example
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1).
Figure 11 is a line graph depicting ultipor 0.2 um filter capacity versus load turbidity.
Figure 12 is a line graph depicting ultipor 0.2 um filter capacity versus load particle .

concentration.

Description of the Invention

The present invention provides methods for solid-liquid separation using centrifugation in
combination with depth and membrane filtration. The combination approach enables rapid
separation of large-scale samples suitable for industrial and clinical applications.

Major points of concern which are specific to separation of mammalian cells in continuous
centrifuges include understanding the limitations of Stokes laws in a rotating flow of a centrifuge

V, = -1-1§ Q% .r __“(ps - Zl ) ¢ -g for application to large industrial scale purification of secreted
proteins from mammalian cell culture. First, shear forces in the centrifuge may damage viable or
non-viable cells and lead to the generation of small debris particles. The cell damage may resuilt
in released intracellular compounds (host cell proteins, DNA, proteases), which could increase
the impurity load of the product pool. Second, mammalian cell suspensions are characterized by
a wide distribution of particle sizes (40 um to sub-micron). The size of the smallest particle which
can be effectively removed by centrifugation needs to be determined. Downstream filtration
steps (i.e., post-centrifugation steps) are needed to increase centrate clarity to a level suitable for
chromatography. Third, rapid throughput for clarification of a cell culture suspension is needed,
for example, a reasonable harvest time of about 3 hours. Simply increasing the g force by
increasing the speed at which the cells are spun at a particular volumetric throughput of a
continuous flow centrifugation will eventually create shearing and generation of small debris
particles from mammalian cell cultures. The disclosed clarification method provides a
methodology for determining the relationship of Stokes’ law for centrifugation of mammalian or
bacterial cell cultures ( i.e., cell concentration, density and viscosity of the feed, viability of the
culture, g force of centrifugation, volumetric throughput of the culture in the centrifuge and size of
filters) for the purpose of industrial size protein purifications.

The term “solid-liquid sample” refers to any sample including separable solid and liquid
phases, wherein a product of interest is substantially in the solid phase or in the liquid phase.
Representative solid-liquid samples include suspensions, slurries, cell cultures, etc.

According to the method, a solid-liquid sample is centrifuged to separate a solid phase

and a liquid phase, also called a centrate. The centrifugation step is performed using parameters
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to achieve a substantially ﬁlteréble centrate. Typically, the centrifugation step achieves
separation of at least about 95% of the solid phase, for example, greater than about 96%, greater
than about 97%, greater than about 98%, or greater than about 99%.

The present invention further provides that a clarified sample is prepared by subsequent
application of the centrate to a depth filtration means removing particulate matter not removed by
centrifugation. The depth filtration means can include one or more filters, such as membrane
filters, plate filters, cartridge filters, bag filters, pressure leaf filters, rotary drum filters or vacuum
filters. As one example, a CUNO 120M10 grade filter effectively removes debris from the
centrate.

The disclosed separation method can be adapted for particular applications, i.e. different
cell samples, by determining appropriate operating conditions necessary in considering Stokes
law, such as normalized loading, g-force, feed temperature, filter grades and sample volumes.
For example, centrifugation of mammalian cells is effectively performed using a normalized
loading of about 1x10® m/s and a gravitational force of about 8,000 X g. Gravitational force is
also effective within the range of about 8,000 X g to about 15,000 X g, for example within the
range of about 8,000 X gto about 12,000 X g, or within the range of about 8,000 X g to about
10,000 X g, or  within the range of about 10,000 X g to about 15,000 X g, or within the range of
about 12,000 X gto about 15,000 X g, or within the range of about 10,000 X g to about 12,000 X
g. Normalized loading may be effective at any particular value by varying the above-noted
operating conditions.

Industrial scale fermentations or culturing of mammalian or bacterial cells are well known
in the art. Volumes of these industrial scale productions can range between 500 L and up to
20,000 L productions, or within the range of 1000 L to about 17,000 L or within the range of about
2000 L to about 15,000 L, or within the range of 4000 L to about 12,500 L or within the range of
about 6000 L to about 10,000 L. For industrial and clinical applications, large volume samples
can be used, preferably including 15,000 L and 2,200 L samples.

The disclosed methods are also useful for clarification of a cell sample, such as animal
and bacterial cell samples. For example, secreted protein products arising from cell cultures are
prepared for purification by collection of the culture medium, i.e. by removal of cells and cellular
debris the culture. The secreted protein products can be native proteins or recombinantly
produced proteins including, but not limited to, biological modulators (“interleukins” or “cytokines”)
and antibodies (“immunoglobulins”). The clarification of the preferred antibodies from a cell
sample can include polyclonal or monoclonal antibodies. Other objects, features, and
advantages of the present invention will be apparent to those skilled in the art from a

consideration of the following detailed description of preferred exemplary embodiments, thereof.
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EXAMPLES

" The following examples are included to illustrate modes of the invention. Certain aspects of the
following Example are described in terms of techniques and procedures found or contemplated by the present
inventor to work well in the practice of the invention. The example illustrates standard laboratory practices of
the inventor. In light of the present disclosure and the general level of skill in the art, those of skill will appreciate
that the following example is intended to be exemplary only and that numerous changes, modifications, and
alterations can be employed without departing from the scope of the invention. Abbreviations used in the
Examples are defined in Table 1.

Table 1

Symbols and Abbreviations

A Equivalent settling area m

D Particle diameter M

E Solids removal

G Gravitational constant m/s?
G Centrifugal acceleration s’

L Bowl length

N Number of disks in a stack

n Viscosity kg/(m-s)
PCV Packed cell volume %

Q Volumetric Flow m%s
R Centrifuge bowl or disk radius

Regy Size recovery of particles of diameter d

o Liquid density kg/m®
Ps Solids density , kg/m®
0] Conical half angle of a disk

z Sigma factor (area equivalent) m?

t Time S

u Fluid velocity m/s
Vgu Settling velocity under gravity m/s
Vs Terminal settling velocity m/s

Q Angular speed s
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Example 1
Clarification of CHO Cell Suspensions
Using a Continuously Operated Disc-Stack Centrifuge

An initial feasibility study was performed using a rented disc stack centrifuge, a SC-6
separator from Westfalia. The machine is sized to operate at volumetric flows between 60 and
1000 L/hour, and therefore was well suited to clarify suspensions produced by a 200 L bioreactor.
Three test runs were performed in total with the following main objectives:

(1) To evaluate the general compatibility of a large scale cell suspension with a

continuous disc stack centrifuge in terms of particle removal and cell damage;

(2) to determine which filtration steps are required downstream of the centrifuge prior

to application of the centrate to the first chromatography column.

(3) to find a suitable window of operation for estimation of centrifuge size required to

clarify cell suspensions at production scale and for determination of a
centrifugation/filtration combination setup for clarifying 2,200 and 15,000 L of cell

suspension.

L Sedimentation of particles in viscous fluids

When a spherical particle of diameter d settles in a viscous liquid under earth gravity g, its
terminal settling velocity V, is determined by the weight of the particle-balancing buoyancy and
the viscous drag on the particle in accordance to Stoke’s law.

1 (o,-p,)-@
1 Ve=e—m—rmrm—m—— .
(1) =13 7 g

In the rotating flow of a centrifuge, equation (1) is modified by the “centrifugal gravity” G =
Q2r, with Q representing the angular speed (equal to 2-w times the rotational rate N), r the radius
of the centrifuge bowl, 1 the fluid viscosity and p the density of suspension (s) and fluid (I).

2

@) VS=%.g2.r(i—;’¢i__.g

In order to achieve a good separation of particles in a centrifugal field, a combination of
some of the following conditions is required: high centrifuge speed, large particle size, large
density difference between solid and liquid, large bowl radius, and small viscosity. Interplay

between these conditions and understanding the ranges of each of the above described
conditions is required to reduce shearing of cells and for increasing the overall clarification
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efficiencies for subsequent filtration steps.

At the specific example of harvesting CHO cell suspensions, some limitations can be
identified: mammalian cells show a wide distribution of cell size, additionally some processes may
harvest cells at comparatively low viability. The suspension to be clarified therefore contains
viable (10-20 pm diameter) and non-viable (4-10 um diameter) cells, as well as cell debris (sub-
micron to 4 pm diameter). This wide size distribution prevents centrifugation to remove all
particles from the suspension, and a decision has to be made as to the smallest particle which
can be removed under reasonable process conditions. Figure 1 is a visual presentation of this
problem. With an average density of mammalian cells of 1030 kg/m®, a density of a CHO cell
suspension of 1000 kg/m?®, and a viscosity of the suspension of 1.05 mPa-s the sedimentation
velocity of cells of different diameter is shown by the diamond studded line. Even very large cells
of 20 mm diameter settle only at 0.4 cm/min, debris particles of 1 um settle at 0.0001 cm/min.
Using a 40 cm diameter bow! centrifuge at 10,000 RPM increases the settling velocity
dramatically, but particles smaller than 1 um still settle at unreasonably small velocity (as shown
by the circle studded line). Therefore, centrifugation does not remove all particles, and filiration
steps downstream of the centrifuge are required to remove very small particles.

Although figure 1 indicates centrifuge speeds improve the settling, they also lead to a
high acceleration of the cells in the centrifugal field, which in turn may lead to cell damage.
Damaged cells may break down into small debris particles and make the separation more
problematic due to the size removal constraints discussed above. The bowl radius cannot be
increased indefinitely, because an increase in bowl diameter at maintained rotational rate
increases the wall stress. For material stability reasons, there is a maximal bowl radius that can
be used in high-speed centrifuges. Density difference and viscosity of CHO suspensions can be
considered to be favorable, since the cell concentration in a CHO suspension is comparatively
low. Running the separation at cell culture temperature (35°C) is beneficial, since it reduces the
viscosity of the suspension.

iL. Disk Centfrifuges
As illustrated in Figure 2, one of the most common clarifier centrifuges is the vertically

mounted disk machine. The feed is introduced at the axis of the bowl and flows through a stack
of closely spaced conical disks. The vertically mounted conical discs with the vertical axis of the
bowl are accelerated io speed, often by means of a radial vane assembly. The spacing of the
conical disks are often between 0.5 to 3 mm in order to reduce the distance required for
separating settling particles from the fluid. The disc angle is often between 40 and 50 degrees to
facilitate solids transport down the disk surface into the solids holding space.
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The separating mechanism of solid particulates or cells is as shown in Figure 3. Solids
settle under the influence of the centrifugal force against the underside of the disks and slide
down the disk into the solids hold space. Concurrently, the clarified fluid moves up the channel
between the disks and leaves the centrifuge via a centripetal pump arrangement. The settled
solids are discharged either continuously though nozzles or intermittently through ports at the
bowl periphery.

11. Continuous Centrifugal Sedimentation Theory

—_—

The present invention also provides a model described below to better predict
performance of a continuous centrifuge based upon sedimentation derivation of Stokes law. In
order to predict the performance of a continuous centrifuge, the Stokes relationship for settling
under gravity (Equation 1) has to be modified for sedimentation in a rotating pool. The settling
velocity of a spherical particle of diameter d is then given according to Equation (3):

(3) V, = Z =crd®

Assuming plug flow with a uniform distribution of fluid velocity across the pool, the mean
axial velocity of a particle traveling from the surface at radius b to the bowl walll 1, is calculated
according to Equation (4):

dx o
(4) Cu=—=
dt ﬂ-irbz —r;' )

The residence time of a particle traveling an axial distance x along the bowl with the fluid

moving a t a volumetric flow Q is according to Equation (6):

_ﬂ-(r,f —rPZ)-x
(5) = 0

Relating the time it takes for a particle to settle in the time it needs to travel with the bulk
flow Q results in Equation (6):
r [ mx-(rbz—r;)-dzJ

6 —_—
(6) exp, 0

T
For a particle traveling the entire bowl length L, Equation (6) is modified to Equation (7)

forx=Landr=r*

7 _—
) exp, 0

Ty
The size recovery of particles of diameter d (Rey) is given as in Equation (8):

r* ’i_mL-(rbz—r;)-dZ:l
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2 *2
7\r, ~r
(8) Re, = ( bz 2 )
z\r, =1,
As a consequence, the maximum volumetric throughput Q, which still allows a certain
size recovery Rey, with Vg4 representing the setiling velocity under gravity (1 g), is given
according to Equation (9):

27IQL ri—r
(9) Q=Vs'A=ng'{ L }

g ll-Re,[I—72/7)]
wherein A represents the equivalent settling area of the centrifuge under the particular operating
conditions. It is a function of the bowl radius, settling depth, operating speed, as well as of the
size recovery required. The physical parameters of the suspension, i.e. particle size, density and
viscosity, are not contained in A, but these parameters are captured by the setiling velocity of the
particle under gravity (Vgg). When the size recovery is set to 50 %, Equation (9) becomes the
Ambler equation (Equation (10)), with X0, representing the area equivalent for 50 % size
recovery.
Q%L rp2 - r,,2

g .lnll—Red (1——rp2 I} )J}

1
(10) Zson = 5 *Aged=son = {

In an approximation, the Ambler equation simplifies to Equation (11):

2.—.

_7z£22L_ 7
0% g 21n(rb/rp)

2
rp

(1) )

For disk stack centrifuges, a similar equation can be developed for Xsq, (Equation (12)):

_220% (N =1} -7

o

3g-tang

(12) ison

where N is the number of disks in the stack, r, and r; are the outer and the inner radius of the
conical disks, and ¢ is the conical half angle. X essentially represents a combination of the size
of the centrifuge and the operating conditions in terms of speed. For scale-up, the relationship of
¥ and the volumetric throughput (Q/Z), which is measured in m/s, is kept constant. If the
volumetric throughput, which is required at scale, is known, and small-scale experiments have
shown, that a certain X is sufficient to obtain the required clarity, then the X required for the large
scale centrifuge can be calculated using Equation (13). Alternatively, X can be calculated for a
given piece of equipment after Equation (12), and the achievable throughput can be calculated
for this machine using Equation (13).
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(13) % = L) =2V,
22 z:1

Equations 12 and 13 provide a starting point for determining the achievable throughput at
a particular g force for centrifugation of mammalian or bacterial cell cultures at a large industrial
scale volumes in a reasonable amounts of time (i.e, less than 5 hours). Nevertheless, scaling up
using Equation (13) has some limitations, since a number of assumptions were made in deriving
the throughput equations:

1. Flow in the centrifuge may not be plug flow, velocity gradients may exist;

2. the feed is not immediately accelerated to full g at the feed port, leading to

reduced g-force exposure and reduced separation efficiency;

3. X only corresponds to 50% size recovery,
4. non-uniform feed distribution at the inlet; and
5. particle settling in the suspension might be hindered at high particle

concentration, leading to reduced separation efficiency.

During scale-up, these limitations are usually considered by implementing certain
correction factors. For large scale centrifuges, the correction factor used to estimate the
throughput according to Equation (9) is between 0.4 and 0.7, i.e. the real performance of the
machine is estimated to be between 40% and 70% of the predicted performance according to the
idealized Equation (9).

V. Technical Specification of the Rental SC-6 Separator
The technical details of the rental SC-6 separator are as follows:

Total bowl volume 1.8L
Sediment holding volume 0.7L

Max. Bowl Speed 12,000 RPM
Number of disks in stack 75

Disc angle 40°

outer disk diameter 0.068 m
inner disk diameter 0.0125m

From these data the centrifugal acceleration G (in multiples of g) can be calculated as a function
of the bowl speed according to Equation (14):

2

(14 G= r-& with € =27 -bowlspeed (s'l)
8

For a disk stack centrifuge, G can be calculated based on the outer radius of the disk
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stack (0.068 m) or using the radius of the solids holding space (0.093 m). Figure 4 shows the
development of gforce as a function of bowl speed for both cases. The circle studded line
represents the development of g force as a function of bowl speed based upon using the radius
of the disk stack. The square studded line represents the development of G as a function of bowl
speed based upon using the radius of the solids holding space. As indicated in the results of
Figure 4, the g force can be calculated using the radius of the solids holding space, which is
approximately 15,000 X g for the highest bowl speed of 12,000 RPM.

V. Operation of the Rental SOG Separator
V.A. Theoretical Considerations

Prior to test runs with the SC-6 separator, the performance of the machine was estimated
for a range of operating conditions as indicated in Figure 5. Figure 5 depicts the relationship of
Z as a function of bowl speed (rpm) for the SC-6 separator. From Equation (13), the throughput
at which a certain particle diameter is separated at 50% size recovery can be calculated from
509 and the settling velocity under gravity Vqqe. For the disk stack centrifuge Qmay is calculated

according to Equation (15):

(15) O = 187 2 3tan(p)

Using a correction factor of 0.5, which takes into consideration the preferred separation of

a’-(o,-p) g ,{27292 1) ""3)}

all of the particles from a certain size group, the maximum throughput of the SC-6 separator can
be plotted as a function of the smallest particle size to be removed. Figure 6 shows a plot for
8,800 and 12,000 RPM bowl speeds for a wide range of particle sizes (8800 rpm is indicated by a
circle studded line and 12,000 rpm is indicated by a square studded line). It is evident that an
attempt to remove particles smaller than 1 um leads to unreasonably low volumetric throughput.
The goal of the centrifugation operation is not to remove all particles from a cell suspension, but
rather to remove the majority of particles and use a small depth filter assembily for final polishing
prior to absolute filtration. Assuming that removal of all particles larger than 2 um is sufficient to
substantially reduce the area required for the final polishing filter, it was calculated that at 8,000 x
g (8,800 RPM) a throughput of 4.9 L/min is possible. Running the separator at full bowl speed of
12,000 RPM (15,000 x g) allows increasing the throughput to 9 L/min. Under these conditions,
the separator can be operated at a Q/= of 2.5-10° m/s. Since Q/ is a significant factor for
determining operating conditions, the experimental evaluation of the SC-6 separator was set up
such that a range of Q/% between 0.9 and 2.8-10® m/s was tested. Given that mammalian cells
may respond to variations in the gforce used in the separator, Q/% was varied by adjusting

volumetric flow or by adjusting g force. The general sedimentation theory predicts that increasing
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the g force increases X, which in turn leads to improved separation. In the case of shear
sensitive particles, as mammalian cells, increasing g force may lead to increased shear damage
and generation of smaller particles that can no longer be separated under the operating

conditions chosen.

V.B. Expefiment 1

An initial evaluation of the performance of the SC-6 separator included the test conditions
shown in Table 2. 280 L of IDEC-114 cell culture suspension were available for separation, and
approximately 30 L of suspension each were applied for the eight experimental points. Given
that the bowl volume of the SC-6 separator is 1.8 L, application of 18 L of feed (10 liquid
residence times) should be sufficient to obtain steady state. However, sedimented cells
accumulate in the solids hold-up space (0.7 L), which therefore has to be emptied by partial or
total discharge shots. The shots disturb the equilibrium and it is important to observe
experimental conditions over several discharge shots. At an estimated packed cell volume of 3%
(30 g/L) and assuming that the cells are compacted to approximately 50% wet volume in the
solids holding space, 350 g of cells can be held prior to discharge, which corresponds to
approximately 12 L of feed volume. The solids were partially discharged after 10 L of feed
application by 400 mL shots, which allowed observation of the system for three solids discharges.
Feed and centrate samples were taken and analyzed for packed cell volume as well as for
particle size distribution. Additionally, the feed and centrate temperature was measured in order
to check whether heat generation in the centrifuge exceeded the cooling capacity of the
separator’s bowl cooling system. In all experiments, the effluent temperature never rose more
than one °C above the feed temperature.

Table 2

Initial Test Conditions

Run #

G force
(X 1000 g)

12

15

15

Q (LYmin)

5.3

103

3.3

1.8

5.1

6.4

4.3

2.1

% (m?)

4950

6172

6172

3400

3400

3960

3960

3960

Q/E
(108 m/s)

1.8

2.8

0.9

0.9

26

27

1.8

0.9

25

The results of the eight test conditions are summarized in Figure 7. The performance of

the solid-liquid separation is usually characterized by ability to remove solids. Solids removal E is
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defined according to Equation (16):

(P Cered -P CVcentrate ) .100
PCV,,,

(16) E=

where PCV represents the percentage of packed cell volume. Figure 7 demonstrates that the
removal efficiency decreases with increasing challenge to the centrifuge (Q/%), i.e., if the
throughput to a centrifuge at a given area equivalent is increased, the separation performance
will decrease. This behavior is expected and predicted by the sedimentation theory (Equation
(15)). The particularities of the mammalian cell system become evident when the g force applied
is considered. At low challenge, the g-force does not significantly influence the separation
performance (see relationship of solid removal vs. Q/Z for the g force application of 8000 rpm
triangle studded line). However, performances at high g force is substantially reduced (see the
relationship of solid removal vs. Q/Z for the g force application of 15,000 rpm diamond studded
line). This may be explained by the increased shear damage of the cells at high g, which leads to
the generation of fines and a concomitantly reduced separation of the small particles.
Accordingly, the data in Figure 7 shows that operation of the SC-6 at 8,000 X g is the preferred
option, since this allows running the separator at higher challenge.

_To consider an alternative measurement for the efficiency of the separation, the turbidity
of the centrate was measured for the different operating conditions. Figure 9 plots the centrate
turbidity as a function of g force and challenge (Q/%). The turbidity gives a much more refined
picture of the centrifuge’s performance, since it is caused by all particles in the suspension and
therefore represents the total particle population in the centrate. Figure 9 shows that even at a
low challenge, increasing g force leads to the generation of fines (cell debris due to shearing -
during centrifugation or handling of cells), which are not removed as efficiently as the larger
particles. This reduction of separation performance due to shear induced cell disruption is not
detected using the packed cell density as a performance criterion.

This is confirmed by the results of the particle size distribution of the different centrates,
which is shown in Figure 10. For greater simplicity, only the particles smaller than 4 um are
shown. The feed contains particles of all sizes, whereas the centrifugation successfully removes
all particles larger than 2 um. Subtle differences in the size distribution can be detected for
different operating conditions. Run 4, which was operated at 8,000 g and a low challenge shows
substantial removal of particles between 1 and 2 um, while operation at high g force and high
challenge (Run 1 and 2) results in a remarkable shift in the distribution towards larger particles.
Therefore, these data also suggest that operation at low g force (preferably 8,000 X g) and low

challenge (0.9-10® m/s) is preferred for optimal separation performance.
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It is interesting to compare these results to the predictions made above. Using the
sedimentation theory we predicted that 50% of all particles larger than 2 um will be removed at a
challenge of 2:10® m/s and 8,000 RPM (corresponding to approximately 8,000 X 9). At /% of
1-10® ms, all particles larger than 2 pm were removed, confirming estimates made the theory
explained herein above. The theory predicted an even better performance at high g forces,
which was not achieved in practice. Rather, the performance decreased with the gforce. This
unpredictability reflects peculiarities of the mammalian cell system , wherein shear-induced cell
damage leads to a change in particle size distribution, which is not accurately accommodated by
the simplified theory.

Since centrifugation cannot deliver a particle-free centrate, polishing and absolute filters
need to be installed further downstream. A filter train consisting of a CUNO 60SP-depith filter,
followed by Pall Ultipor 0.2 um and 0.1 um filters was investigated for filter capacity for the
centrates resulting from the different experimental conditions. The results of the study are
presented in Table 3.

Table 3
Results of Experiments to Test Filter Train
G force 15,000 15,000 8,000 9600
Q/z (m/s) 2.810° 0.9-10® 0.9-10% 0.9-10°®
Turbidity post CUNO 60 SP depth filter (NTU) | 22 11.5 11.8 18
Ultipor 0.2 pm capacity (L/m?) 116 438 265 159
UItipor‘O.1 um capacity (L/m°?) 197 178 195 110

The most important finding from these experiments was that the capacities of the

absolute filters are very low, especially for the 0.2 um filters. Apparently the CUNO 60SP depth

filters did not provide sufficient protection for the absolute filters downstream. This is supported by

the considerable turbidity of the filtrate of the depth filter. The absolute numbers of the filter

capacity would necessitate the installation of huge filter elements downstream of a centrifuge.

Based on these data, a 15,000 L culture would require the installation of 65 0.2 pm filter elements

of 10” diameter and of 150 0.1 um filter elements of 10” diameter downstream of the centrifuge.

In terms of the influence of the operation conditions (Q/Z, g force), there was no conclusive

influence on the filter performance.

Parallel to the filtration experiments, a control experiment was performed using the same

IDEC-114 cell suspension that was clarified using the “conventional” depth filter train (CUNO 10
SP, CUNO 60 SP, Pall Ultipor 0.2 um, Pall Ultipor 0.1 um). The capacities of the two absolute
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filters were comparable to the capacities of the centrifuge centrates under the best operating
conditions. The 0.2 um filter capacity of the control was 497 L/m?, while the 0.1 um filter capacity
was 182 L/m? This demonstrates that the IDEC-114 cell culture suspension as such, has a low

. filterability and that centrifugation does not make absolute filtration downstream such a complex

and tedious task.

V.B. Experiment?2

Based on the findings from Experiment 1, a second set of centrifugation experiments was
performed to identify a filter train with improved filterability. The experimental conditions and the

corresponding separation performance are set forth in Table 4.

Table 4

Results of Experiments to Test Different Filter Trains

Run # 9 10 11

G force 8,000 8,000 15,000
Q (L/min) 1.8 5.1 10.3

= (md) 3400 3400 6174
Q/z (10° m/S) 0.9 25 2.8
Solids recovery (%) 99.4 99.7 99.6
Centrate Turbidity (NTU) 63 111 344

Again the solids recovery appears to be excellent across the» board, the centrate turbidity,
however, reveals differences in the separation performance. As in the first set of experiments,
operating the centrifuge at low g-force and reduced Q/Z avoids generation of fines by shear
damage and allows a good reduction in the overall turbidity. The centrates were then filtered

. using various depth filters, which were of finer grade than the original CUNO 60SP filters. The

overall intent was to allow better protection of the absolute filters. The turbidities (in NTU) of the

respective filtrates are shown in Table 5.



10

15

20

25

30

WO 2006/007459

Filtrate Turbidities

17

Table 5

PCT/US2005/021781

Run # 9 10 11
CUNO 60-120 SP 9.2 8.1 21.3
CUNO 90 SP ZA 14.2 10.6

CUNO 120M10 grade 8.6 7.5
Millipore 75 DE 20.5

Millipore 60DE-75DE-RW01 8.3 6.6 14.5

Keeping in mind that the turbidity of the original CUNO 60SP filtrates was higher than 10
NTU, using the finer grade filters reduced the turbidity load to the absolute filters.

Notwithstanding this effect, the centrifuge operating conditions have a decisive influence on the

performance of the depth filters. From the depth filter filtrates resulting from the different

centrifuge operating conditions it is clear that operating at low g and low Q/X is advantageous.

The Ultipor 0.2 and 0.1 pum filter capacities of the different depth filter filtrates are shown in

Table 6. The finer grade depth filters provides improved protection of the 0.2 um filters. In the

best case, the capacity was increased by more than a factor of five. The 0.1 um filter capacity,

however, remained low. As a control, the IDEC-114 suspension was also filtered using

conventional techniques and the same feed suspension. Low capacity of the 0.1 um filter was

observed for the control as well. These results suggest that it is the culture suspension which

makes 0.1 um filtration so demanding, i.e., a well operated centrif'uge does not deteriorate the

absolute filter's capacity compared to the control.
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Table 6
Filter Capacities

Run # 9 10 11 Control
CUNO 60-120 SP 0.2 um capacity 1996 339 2251
CUNO 90 SP ZA 0.2 um capacity 600 706
CUNO 120M10 grade 0.2 um capacity 2649 1364
Millipore 75 DE 0.2 pm capacity 157
Millipore 60DE-75DE-RW01 0.2 um capacity 1154 218
CUNO 60-120 SP 0.1 um capacity 140 173 291
CUNO 90 SP ZA 0.1 um capacity 78 96
CUNO 120M10 grade 0.1 um capacity 164 178
Millipore 75 DE 0.1 um capacity 168
Millipore 60DE-75DE-RW01 0.1 um capacity 212

V.D. Experiment3
A third series of experiments was performed to reduce the 0.1 um filter requirements.

Two lines of thought were pursued. First, it was speculated that the 0.1 pm filters became
blocked by fines, which are generated in the centrifuge, either by the inlet shear or by shear
forces exerted on the compacted cells in the solids holding space. The latter possibility of cell
damage was investigated by using two different solids with discharge volumes of 400 and 250
mL. Smaller discharge volumes require more frequent shots, which in turn reduce the residence
time of the sedimented cells in the solids holding space and reduce the overall exposure to
compaction stress. If compaction causes cell damage, then reduced shot volumes were
predicted to reduce the generation of fines and improve the 0.1 um filterability. Additionally, in
one set of operating conditions the feed was cooled to 10°C. Reducing the temperature is known
to make mammalian cells less amenable to shear damage. Therefore, it was expected that the
generation of fines would be avoided at reduced terhperature. All runs were operated at 8,000 x
gand Q/Z of 0.9-10°® m/s, the solids removal was 99.8 % in all cases, which corresponds well to
the previous results. The centrate turbidity was 32 NTU for the runs at 37°C, irrespective of the
shot volume, which indicated that the residence time in the solids holding space does not impact
the generation of fines. The centrate turbidity of the run operated at 10°C was only 24 NTU,
which might indicate that fewer fines were generated due to the increased stability of the cells at
reduced temperature. For the centrates, the filter capacity of the CUNO 90-120SP depth filter
was determined as 441 L/m2 In a conventional depth filtration train, where a CUNO 1-10SP




10

15

20

WO 2006/007459 PCT/US2005/021781

19
depth filter was used prior to the 90-120SP for the same IDEC-114 culture, the 90-120SP
capacity was found to be 400 L/m®. Thus, centrifugation makes initial depth filtration obsolete as

well as reducing the requirements for the secondary polishing depith filter by 10%. The resuits of
the filterability studies for the absolute filters are shown in Table 7.

Table 7

Filterabiltiy Assays
Run # 12 13 14 Control
G force 8,000 8,000 8,000
Q (L/min) 1.8 1.8 1.8
Q/z (10° mfs) 0.9 0.9 0.9
Discharge Volume (mL) 250 400 400
Temperature (°C) 37 37 10
Turbidity of CUNO 120M10 grade filtrate | 5.8 5.9 6.2
(NTU)
Ultipor 0.2 um capacity (L/m°) 2751 2021 889 > 2800
Ultipor 0.1 um capacity (L/m?) 157 141 16 217

None of the modifications was able to improve 0.1 um filterability, which was comparable
to a conventionally filteréd control. These problems may be specific to the IDEC-114 cell culture
process and not to the centrifugation as and alternative unit operation. The lower temperature,
on the contrary, substantially reduced the filterability.

Based on the present disclosure, it is possible to estimate the 0.2 um filterability from
either the turbidity or the particle concentration (as found from the particle size distribution). In
order to allow a reasonable filter capacity, the turbidity is preferably less than 10 NTU or the
particle concentration is preferably below 5-10° particle permL. See Figures 11 and 12.

These experimental'results point towards operation of a disk stack centrifuge at low g
force (8,000 x g) and a Q/= of approximately 0.9-10® m/s. Based on these data we are able to
estimate the size of a centrifuge for NIMO (15,000 L culture volume) and NICO (2,200 L culture
volume). For comparability, only results obtained using equipment available from Westfalia was
used. Forthe NIMO scale, an appropriate piece of equipment is the CSD 130 clarifier, which
has a maximum area equivalent % of 130,000 m? at 8,000 x g. Using Equation (13), the
throughput of this machine was estimated to be 0.9-102 m/s, which results in 4200 L/h volumetric
throughput and approximately four hours total harvest time. Similarly, a CSC 20 clarifier may be
used at NICO scale. At its maximum bowl speed of 8,300 RPM, it operates at approximately



WO 2006/007459 PCT/US2005/021781

20

8,400 x g and has an area equivalent of 22,000 m?. Equation (13) predicts a volumetric
throughput of 710 L/h and a three hour harvest time for the optimal run conditions with the SC-6
separator. These calculations demonstrate that the centrifugation conditions established in the
initial evaluation fulfill the scheduling requirements of NIMO and NICO scale production.

5 An additional point of interest is whether the implementation of centrifugation into large-
scale harvest procedures is able to reduce the overall cost of solid-liquid separation in
comparison to a filtration-only approach. The first step towards such an analysis is an estimate of
the filter cost involved in both scenarios. IDEC Purification Process Sciences has performed an
initial analysis of the filtration requirements for IDEC-114 clarification. A filtration train was

10 established as shown in Table 8.
Table 8
Filtration Train

15

Filter Capacity Filter area at Filter area at NICO
(Um?) NIMO (m?) (m?

CUNO 01-10 SP 80 187.5 275

CUNO 60-120 SP 400 374 5.5

Pall Ultipor 0.2 um 2000 75 1.1

Pall Ultipor 0.1 um 217 68 10

The optimal operating conditions for the centrifuge resulted in filter requirements as

shown in Table 9.

Table 9

Filter Requirements

Filter Capacity (Um?) | Filter area at NIMO (m% | Filter area at NICO (m?
CUNO 90-120 SP 441 34 5

Pall Ultipor 0.2 um 2000 7.5 1.1

Pall Ultipor 0.1 um 160 93.8 13.8

The total filtration area is reduced substantially when using the proposed filter train. For
20  cost comparisons, the following assumptions were used: the cost of the depth filters were
assumed as 86 $/m?, irrespective of the grade used, the cost of the 0.2 um filters was estimated

at 320 $/m? and the 0.1 um filter costs were set to 340 $/m2 Using these estimates, costs



WO 2006/007459 PCT/US2005/021781
21

estimates were calculated as shown in Table 10.
Table 10

Estimate of Filter Cost for 0.1 um Final Filter

With centrifugation Filtration only
Filter cost ($) NIMO NICO NIMO NICO
CUNO 01-10 SP - - 16125 2365
CUNO 60-120 SP (filtration only) 2925 430 3217 472
CUNO 90-120 SP (centrifuge)
Pall Ultipor 0.2 ym 2400 352 2400 352
Pall Ultipor 0.1 um 31875 4675 23181 3400
Total Filter 37200 5457 44923 6589
Savings due to centrifuge 17 %
5 A large proportion of the filtration costs arises from the 0.1 um absolute filters, which have

been proposed to be omitted from the filter train. Use of such a tight grade filter may not be
necessary in order to protect the first chromatography column. In fact, there are numerous
companies in the industry, which do not use 0.1 um filtration during harvest. In order to
demonstrate the economic benefit of such a decision, the cost estimates were repeated for 0.2

10  umfiltration as the final grade.
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Table 11

Estimate of Filter Cost for 0.2 um Final Filter

With Filtration only
centrifugation

Filter cost ($) NIMO | NICO | NIMO | NIMO
CUNO 01-10 SP - - 16125 | 2365
CUNO 60-120 SP (filtration 2025 | 430 | 3217 472
only)
CUNO 90-120 SP (centrifuge)
Pall Ultipor 0.2 um 2400 352 | 2400 352
Total Filter 5325 | 782 | 21742 | 3189
Savings due to centrifuge 76 %

Omission of the 0.1 pm final filter substantially reduces filtration costs and thereby

increases the comparative benefit of centrifugation.

Example 2
Clarification of an NSO Cell Culture

for Purification of Secreted Antibodies

A centrifuge was used in conjunction with depth filters to effect clarification of an NSO cell
culture. The cells of the cell culture secrete an antibody of interest, such that the clarification
process can be used as an initial step of antibody purification. Clarification includes use of a
centrifuge followed by a series of depth filters, pre-filters, and membrane filters, such that
insoluble matter (including cells, cellular debris, and all other insoluble matter in the cell culture) is
removed and the liquid centrate containing the antibodies is substantially clear. The clarity is
typically described as 0.2 um clarity, which refers to the pore size rating of the last filter in the

serial assembly.

A clarification process was developed to accommodate clarification of NSO cell cultures
having a solid matter of approximately 1% (wet weight/volume) and viablity within the range from
3% to 100%. Centrifugation was performed inclusively within the range of 8000 x gto 15000 x g
(g = acceleration due to gravity), which provided centrate turbidities of > 25 NTU. At this level of
turbidity, depth filter capacity was in the range of about 40 L/m® to greater than 400 L/m? The



10

WO 2006/007459 PCT/US2005/021781
23

turbidity of the depth filter filtrate was in the range of about 1-15 NTU, resulting in filter loads in the

range of 10 L/m? to 14000 L/m? on the downstream prefilters and membrane filters.

Those skilled in the art will further appreciate that the present invention may be embodied
in other specific forms without departing from the spirit or central attributes thereof. In that
foregoing description of the present invention discloses only exemplary embodiments thereof, it is
to be understood that other variations are contemplated.as being within the scope of the present
invention. Accordingly, the present invention is not limited to the particular embodiments that
have been described in detail herein. Rather, references should be made to the appended

claims as indicative of the scope and content of the invention.
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What is claimed is:

1. A method for clarification of an industrial size cell sample

comprising the steps of:

(@ centrifuging a cell sample and using a gravitational force
within the range of about 8,000 xg to about 15,000 xg, whereby a solid phase
comprising cells and debris is separated from a liquid phase comprising a
centrate; and

(b)  applying the centrate to a depth filtration means.

2. The method of claim 1, wherein the cell sample comprises bacterial
cells.
3. The method of claim 1, wherein the cell sample comprises

mammalian cells.

4. The method of claim 3, wherein the mammalian cells are CHO
cells.

5. The method of claim 3, wherein the mammalian cells are NSO
cells.

6. The method of claim 1, wherein the cell sample comprises a cell

suspension, a cell slurry, or a cell culture.

7. The method of claim 1, wherein the cell sample has a volume of at
least about 2200 L.

8. The method of claim 1, wherein the cell sample has a volume of at
least about 15000 L.

9. The method of claim 1, wherein the cell sample further comprises

an antifoam agent.

10.  The method of claim 1, wherein the centrifuging is performed using
a gravitational force within the range of about 8,000 X g to about 10,000 X g.

11.  The method of claim 1, wherein the separation efficiency is at least
about 95% following the centrifuging step.
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12. The method of claim 1, wherein the centrate is substantially free of

cells and debris greater than about 2 um.

13.  The method of claim 1, wherein the depth filtration means

comprises one or more filters.

14.  The method of claim 13, wherein the depth filtration means
comprises a depth filter and polishing filters.

15. The method of claim 14, wherein either a depth filter or a polishing
filter can be used as the final filter in step (b)

16.  The method of claim 15, wherein the final filter has a pore size of
about 0.1 um to about 0.2 pm.

17. The method of claim 16, wherein the final filter has a pore size of at

least about 0.2 um.

18.  The method of claim 16, wherein the final filter has a pore size of at

least about 0.1 um.

19. The method of claim 1, further comprising loading the cell sample
of at a Q/Z of about 1 x 108 m/s.

20. A method of clarifying an industrial size cell sample comprising the
steps of:

(@)  centrifuging a cell sample and using a gravitational force
within the range of about 8,000 xg to about 15,000 xg for industrial scale
% _0

2 1

production of therapeutic proteins using the formula =2V, forthe

purposed reducing shearing induced cell damage, whereby a solid phase
comprising cells and debris is separated from a liquid phase comprising a

centrate; and

(b)  applying the centrate to a depth filtration means.



V. Centrifuge (cm/min)

WO 2006/007459 PCT/US2005/021781
1/12
-#—Vs at 10000 RMP in a 40 cm bowl (cm/min)
9000 - ~#-Vs at 5000 RMP in a 40 cm bowl (cm/min) L 0.09
8000 A ~4-V/s under gravity (cm/min)

S

(unwjwo) AjAeIo “A



WO 2006/007459 PCT/US2005/021781
2/12

Solids
Ejection

FIG. 2



WO 2006/007459 PCT/US2005/021781
3/12

FIG. 3



WO 2006/007459

g force

16000

14000

12000

10000

8000

6000

4000

2000

4/12

PCT/US2005/021781

Gy Tl TR sl AT
VA b -

=g force disc radius
=~ g force solids

di

scharge radius

R

T e
P

A,
Frnts <%

2L

A

R
oA

3% ;
gl v Ay
N 5

s AT
T e S

el

s 5
I

Fon
e
e

Lo T
HEe

RS ¢t

e i
L i
S 4
F T 23
Gy

4

2000

4000 6000

8000

10000

12000 14000

Bowl Speed (RPM)

FIG. 4



WO 2006/007459 PCT/US2005/021781
5/12

7000

6000

g1 e
< B
b i

5000

4000

¥ PRt ] iy
S Sy E

z (m?)

3000

2000

PRV

b

T
]

S ) R R P
Ly A P Sa o ¥

2t e

2R Y
<ito, 1055

0 PR
T
P

0 2000 4000 6000 8000 10000 12000 14000

Bowl Speed (RPM)

FIG. 5



WO 2006/007459 PCT/US2005/021781

T di
Fi

8800 RPM |t L L
~&-12000 RPM |

Q (L/min)

o
S

;
b
o A L
i,

s RPN 2
R % % ; 5 : o AT
T 4 S

0 1 2 3 4 5 6

particle diameter (um)

FIG. 6



WO 2006/007459 PCT/US2005/021781
7/12

—e—-15000 = 12000 -A-8000 -o-9600

100.2

1 IRy
R
i,
!

R

100 i b

99.8

99.6

rI A ¥
i N [T ‘ ; : &5
TN A g SRR
i % At

994

SUFue
5214

S B

99.2
99

AT,
gt e

T

2

s -y

i

S

Solids Removal (%) -

A

e e 1;«:‘-’."»‘ iy e ’::"‘.
98.8 b
¥ . Ty et of o A 2

98.6

08.4 |
0 5E-09 1E-08 1.5E-08 2E-08 25E-08 3E-08

Q/Z (m/s)

| FIG. 7



Number

WO 2006/007459 PCT/US2005/021781

8/12
Cantrol
1500 | — BTCentrifuge_28 Aug 2001_13-55_02.#M3
M i l
1000 I’ ‘vnl ': ;
| '«t ] '
i \.\’ ; .
5001 ! \r.,‘w ! ]
I M, : |
’ -‘__‘-_'--P- 2 1
/ e S e ,
0 ] T T =T 7 i T T T Tt
2 3 4 5§ B8 7 8 10 20 30 40 50
Particle Diameater {um)

LC=8.930 pm  UC= 60.00 um {4137}

FIG. 8



WO 2006/007459

250

9/12

PCT/US2005/021781

-~ 15000

® 12000

—&- 8000

S
ey

Jat

200

. bl o
e R TR
Ly i,

150

100

Centrate Turbidity (NTU)

0 5E-09

1E-08

! ;7
s
et

£5,

F

b ik
SRS

i
fe:

Q/Z (m/s)

FIG. 9

1.5E-08 2E-08 2.5E-08 3E-08



WO 2006/007459 PCT/US2005/021781

10/12
Centrate Particle Size Distribition
14%10* " Feed
—— Run@ ‘
!
~— Runé{
_ —— Run4
10+10° j} e Al |
- e === Run 2
‘E‘ B"‘uﬂ - , . "” '''''' F'\'UI"I 1
B oo [y
Sl B FANRE
R R
410° -
1P f
o } T T T
0s 68 8 10 20
Particie Diameter (m;)

FIG. 10



WO 2006/007459 PCT/US2005/021781
11/12

3000

RS

o

2500

briifnty

2000

s
b, i 5
a A 3 AR b e S
AT S Ao Lk L v NIERGE
1500 o - e e M AN s il o BTN
T T ST S R T St 7 A TaTe AR
e N A T R : - Py 3
ik s IR, X

g
SRR
¥ g

S iEnd,
ST LT o

sy

1000

R e H
B T

2
Dl Sy
AR

500

el

&
K

Ty S

Ultipor 0.2 pm Filter Capacity (LIm?)

60 SP Turbidity (NTU)

FIG. 11



WO 2006/007459 PCT/US2005/021781
12/12

[ et
AL g

5

2

s S
e A R

[ A

st
s

A

e S
ST

A

e
ST ;
RN
RS

LR
LTRSS

20.0 40.0

Pall Ultipor 0.2 ym Capacity (L/m2)

Solids Concentration in Depth Filter Filtrate (10%/mL)

FIG. 12



International application No.

INTERNATIONAL SEARCH REPORT

PCT/US05/21781
A CLASSIFICATION OF SUBJECT MATTER
IPC(7) ¢ B01D 61/00; C12N 1/00
UsCL 1 210/767, 787, 435/325, 358, 243, 803

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USS. : 210/767, 787; 435/325, 358, 243, 803

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Medline, Embase

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,451,660 A (BUILDER et al) 19 September 1995(19.09.1995), see entire document. 1,2,6,19,20
Y TEBBE, H. et al. Lysis-free separation of hybridoma cells by continuous disk stack 120
centrifugation. Cytotechnology. 1996, Vol. 22, pages 119-127, see entire document.
X,P US 2005/0069979 Al (ZENG et al.) 31 March 2005(31.03.2005), see entire document. 1, 3, 4, 6,10, 1320
Y.Pp 2,5
Y REODER et al. Current Protocols in Cell Biology, John Wiley & Sons, Inc. July 2000, 1-20

pages 1-25 (available online at http/www.mrw.
interscince. wiley/com/cp/cpcb/articles/cb03/sect2-fs.hitml).

Y SINGHVI et al. Biopharm: Clarification of Animal cell Culture Process Fluids Using Depth 1-20
Microfiltration. 1996, Vol. 1996, pages 1-8, see entire document.

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: “T later document published after the international filing date or priority date
and not in conflict with the application but cited to understand the
“A”  document defining the general state of the art which is not considered to be of principle or theory underlying the invention
particular relevance ’
X document of particular relevance; the claimed invention cannot be
“E”  earlier application or patent published on or after the intemational filing date cansidered novel or cannot be considered to involve an inventive step

when the document is taken alone
“L"  document which may throw doubts on priority claimy(s) or which is cited to

establish the publication date of another citation or other special reason (as oy document of particular relevance; the claimed invention cannot be
specified) considered to involve an inventive step when the document is combined
with one or more other such documents, such combination being obvious
“O”  document referring to an oral disclosure, use, exhibition or other means to a person skilled in the art
“p”  document published prior to the intemational filing date but later than the A document member of the same patent family
priority date claimed
Date of the actual completion of the international search Date of iliﬁ of the gznﬁﬁgional search report
31 October 2005 (31.10.2005) Ov T,
Name and mailing address of the ISA/US thori
Mail Stop PCT, Attn: ISA/US . M ]
Commissioner for Patents { Michael Wityshyn -
P.O. Box 1450
Alexandin, Virginia 22313-1450 Telephone No. (571) 272-1600
Facsimile No. (571) 273-3201

Form PCT/ISA/210 (second sheet) (April 2005)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

