Stirred Tank Reactor and Method This application claims priority of Provisional Application Serial
No. 61/201,865 filed December 16, 2008, the disclosure of which is hereby incorporated by reference.
Field of the Invention The present invention relates to stirred tank containers, and related
methods. Background of the Invention The general processfor the manufactureof biomolecules, such
as proteins, particularly recomiygaapie@taiastyreabe biwohes tmetRaid steps: (1) the expression of
the protein in a host cell, followed by (2) the purification of the protein. The first step involves growing
the desired host cell in a bioreactor to effect the expression of the protein. Some examples of cell lines
used for this purpogehtludeREHinESE hamster GVAR? (CROY &L nyeidma {NSD) Daetétial cells such
as e-coli anchipsectcetiso@nee the:pratein isexpressed at theidesineddevels.the proteivis removed
from the host cell and harvested. Suspended particulates, such as cells, cell fragments, lipids and
other insolubt& atter are §picatly rémovel M the Protdiiiéomtaining FRIPBY filtztion 8¥
centrifugationeresubiingdn a clarified fluid containing the protein of interest in solution as well as other
soluble impurities. The second step involves the purification of the harvested protein to remove
impurities which are inherent to the process. Examples of impurities include host cell proteins (HOP,
proteins other than the desired or tar§éetidroitthauteveadidenendotoxins, viruses,

The present invention —relates to stirred tank

containers, and related methods.

Background of the Invention

The general process for the manufacture of
biomolecules, such as proteins, particularly recombinant
proteins, typically involves two main steps: (1) the
expression of the protein in a host cell, followed by (2)
the purification of the protein. The first step involves
growing the desired host cell in a bioreactor to effect
the expression of the protein. Some examples of cell
lines used for this purpose include Chinese hamster ovary
(CHO) cells, myeloma (NSO) bacterial cells such as e-coli
and insect cells. Once the protein is expressed at the
desired levels, the protein is removed from the host cell
and harvested. Suspended particulates, such as cells,
cell fragments, lipids and other insoluble matter are
typically removed from the protein-containing fluid by
filtration or centrifugation, resulting in a clarified
fluid containing the protein of interest in solution as
well as other soluble impurities.

The second step involves the purification of the
harvested protein to remove impurities which are inherent
to the process. Examples of impurities include host cell
proteins (HCP, ©proteins other than the desired or

targeted protein), nucleic acids, endotoxins, viruses,



proteinvariantsandproteinaggregates.This purification typically involves several chromatography steps,
which can include affinity chromatography, ion exchange, hydrophobic interaction, etc. on solid
matrices such as porous agarose, polymeric or glass or by membrane based adsorbers. One
example of a chromatography process train for the purification of proteins involves protein-A affinity,

followed by gatiopeexchanggfollawed by-anion exeharge, ThesproteigA eelumn capturgssthe protein
of interest or target protein by an affinity mechanism while the bulk of the impurities pass through the
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subsequently isolated from the rest of the solution. The flocculant is typically washed to remove
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dissociation gf; thetarget protgin fram the polyelectrglyte; subsequently, (esulfingdn the resolubilization

of the polyelectrolyte into the protein-containing solution. .
points (PI) 1n the basic range (8-9) and therefore being
positively charged under normal processing conditions (pH
below the PI of the protein), they are bound to the
cation exchange resin in the second column. Other
positively charged impurities are also bound to this
resin. The protein of interest 1is then recovered by
elution from this column under conditions (pH, salt
concentration) in which the protein elutes while the
impurities remain bound to the resin. The anion exchange
column is typically operated in a flow through mode, such
that any negatively charged impurities are bound to the
resin while the positively charged protein of interest is
recovered in the flow through stream. This process
results in a highly purified and concentrated protein
solution.

Other alternative methods for purifying proteins
have been investigated in recent years. One such method
involves a flocculation technique. In this technique, a
soluble polyelectrolyte is added to an unclarified cell

culture broth to capture the suspended particulates and a



In co-pending application U.S. Serial No. 12/004,314 filed December 20, 2007, the disclosure of which
is hereby incorporated by reference, a polymer, soluble under certain conditions, such as temperature,
pH, salt, light or combinations thereof, is used to bind impurities while in its soluble state and is then
precipitated out upon a change in condition (pH or temperature, etc.) removing the impurities with it.
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co-pending application discloses & sfimuli responsive polymer such as a selectively soluble polymer
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desired biomolecities fromsueh-a complex gixture of matglialsiipeluding the bigmalecule(s) of interest

and various impurities such as other proteins (host cell proteins), DNA, virus, whole cells, cellular
hereby incorporated by reference, a polymer, soluble

under certain conditions, such as temperature, pH, salt,
light or combinations thereof, is used to bind impurities
while in its soluble state and is then precipitated out
upon a change in condition (pH or temperature, etc.)
removing the impurities with it. The biomolecule of
interest is then further treated wusing traditional
chromatography or membrane adsorbers and the like.

All of the protein purification technologies
discussed above share a common theme, namely, to first
remove suspended particulates in a first distinct step
and then in a second step separate the biomolecules of
interest from soluble impurities which are inherent to
the process.

In situ product recovery with derivatized magnetic
particles 1is one example of a protein purification
technique where the biomolecules of interest can be

purified directly from an un-clarified cell culture broth.



debris and the like without the need for prior clarification of the stream. The polymer is soluble

under a certain set of process conditions such as one or more of pH, salt concentration, temperature,
light, or electrical field, and is able to interact and complex with insoluble impurities (cells, debris, etc.)
and a fraction of the soluble impurities,and is rendered insoluble and precipitates out of solution upon

a change in ¢onditionss(temperature; salt cancenatiearlightnelectricahfield senpH). ;9. axstimuli
responsive polymer: Qniv ahen recipiated out of sowon; g Polymerie capadle Of s ana
that seeks out and binds the target protein. A magnetic
field 1is then applied to collect the bead-protein
complexes, leaving behind the soluble impurities and
insoluble particulates.

The main drawback of this technique is that it
requires appreciable capital investments in design,
construction and wvalidation of high-gradient magnetic
separators. Also, the technique does not lend itself to
disposable applications, which are poised to become the
norm for protein purification in the Bioprocess industry.

In co-pending application filed December 16, 2008
under Attorney Docket No. MCA-10406, entitled
“Purification of Proteins” by Moya, Wilson, et al., the
disclosure of which is hereby incorporated by reference,
there 1is disclosed a polymer such as a soluble polymer
capable of substantially irreversibly binding to
insoluble particulates and a subset of soluble impurities
and also capable of reversibly binding to one or more
desired Dbiomolecules in an unclarified biological
material containing stream and the methods of using such
a material to purify one or more desired biomolecules
from such a stream without the need for prior
clarification. More specifically, this co-pending
application discloses a stimuli responsive polymer such
as a selectively soluble polymer capable of selectively
and reversibly binding to one or more desired
biomolecules in an unclarified Dbiological material
containing stream and the methods of using such a polymer
to purify one or more desired biomolecules from such a
complex mixture of materials including the biomolecule(s)
of interest and various impurities such as other proteins

(host cell proteins), DNA, wvirus, whole cells, cellular



reversibly binding to one or more desired biomolecules within the stream (protein, polypeptide, etc.) in
an unclarified cell broth. The precipitate can then be removed from the stream, such as by being
filtered out from the remainder of the stream and the desired biomolecule is recovered such as by
selective elution from the precipitate. The removal of the precipitate, however, can be

debris and the 1like without the need for ©prior
clarification of the stream.

The polymer is soluble under a certain set of
process conditions such as one or more of pH, salt
concentration, temperature, 1light, or electrical field,
and 1is able to interact and complex with insoluble
impurities (cells, debris, etc.) and a fraction of the
soluble impurities, and is rendered insoluble and
precipitates out of solution upon a change in conditions
(temperature, salt concentration, light, electrical field,
or pH), e.g. a stimuli responsive polymer. Only when
precipitated out of solution, the polymer is capable of
reversibly binding to one or more desired biomolecules
within the stream (protein, polypeptide, etc.) in an
unclarified cell Dbroth. The precipitate can then be
removed from the stream, such as by being filtered out
from the remainder of the stream and the desired
biomolecule i1is recovered such as by selective elution
from the precipitate.

The removal of the precipitate, however, can be
problematic, as it is typically in the form a large mass
of sludge.

It would be desirable to provide an apparatus and
method for the efficient ©purification of samples,
particularly those containing biomolecules, preferably
within a single, integral, apparatus that reduces or
eliminates one or more process steps that can result in

contamination or material loss.

Summary of the Invention

The problems of the prior art have been overcome by
the embodiments disclosed Therein, which include a
container or housing for sample preparation or processing,
such as biomass culturing or processing, and optionally

sample purification. In certain embodiments, the



problematic, as it is typically in the form a large mass of sludge. It would be desirable to provide an
apparatus and method for the efficient purification of samples, particularly those containing
biomolecules, preferably within a single, integral, apparatus that reduces or eliminates one or more
process steps that can result in contamination or material loss. Summary of the Invention

container or housing is a mixer. In certain embodiments,
the container or housing 1s a reactor. In certain
embodiments, the reactor is a bioreactor, which can be
disposable or reusable, that includes a stirred cell
device that can simulate a tangential flow filter to
reduce or eliminate clogging that can be caused by the
solids generated. In certain embodiments, the solids
comprise a precipitate or floc, such as one that includes
a polymer that binds the biomolecule(s) of interest, and
impurities such as cells and cell components. In certain
embodiments, the stirred cell component includes one or
more membranes for purification, such as during recovery
(e.g., by elution) of the biomolecule(s) of interest. In

certain embodiments, the Dbiomolecules are proteins,
polypeptides or antibodies. In certain embodiments, the
container has two compartments. In certain embodiments
the container has two compartments each of which has a
membrane with 1it. In certain embodiments, the container
has two compartments, the first having a membrane, the
second being in fluid communication with a filter device
downstream of the second compartment outlet.

In its method aspects, embodiments disclosed herein
include purification and isolation of biomolecules of
interest derived from cell culture fluids. In certain
embodiments, the methods include carrying out sample
preparation or processing in a container or housing, such
as culturing a biomass; generating solids such as by
precipitating or flocculating a biomolecule of interest
from the cultured broth; preventing the solids from
settling in the container by agitation; and purification,
such as by binding and eluting the biomolecule of
interest and filtering the same. In certain embodiments,
the sample processing involves expressing a protein of
interest. In certain embodiments, the solids comprise a
precipitate that includes a polymer bound to the protein
of interest, and the purification involves binding and
elution and one or more filtration steps. In certain

embodiments, the solids comprise a precipitate that



The problems of the prior art have been overcome by the embodiments disclosed herein, which
include a container or housing for sample preparation or processing, such as biomass culturing or
processing, and optionally sample purification. In certain embodiments, the container or housing is a
mixer. In certain embodiments, the container or housing is a reactor. In certain embodiments, the
reactor is a biarepgtsswhigch ganbe-dispesalle ©f reusabiey thalgnclydes aistigedicell dewice that can
simulate a tapggg}_j_eellsﬂco,w filter Jo r%%%ce or ¢ eliﬂigggetglggging ﬁbz%tl%aensbe gaused by the < Iid§
generated. In certain embodiments, the sglufs comprise a precipitate or floc, such as one that includes
a polymer th&t Binéisthe Bidmotsile®) ofliftePest! ahl imptififies $HER as celld and E&f é8mponents.

In certain embasiments;, the stirred celb gompopent igcludes.ane ergmorg, membranes farpurification,
such as during recovery (e.g., by elution) of the biomolecule(s) of interest. In certain embodiments, the
biomoleculed afe-proteifis poliseptites of Entibodies. IhtertairP@mbdaiméents Sthecontdifer has two

compartmentsdn cerigiaerabagimentsrthe coptainephas iwegompadmeniseach-evhieh has a
membrane with it. In certain embodiments, the container has two compartments, the grst having a

menﬂwane,ﬁ%nventlonal chromatographic separations, may be used as
a direct capture step to isolate the protein of interest
from the cell culture Dbroth, or may simply be an
intermediate purification step. In certain embodiments,
affinity or ion exchange beads or beads having any ligand
or functionality capable of purifying the biomolecule may
be used instead of a polymer to bind a biomolecule of
interest. In certain embodiments, the one or more
filtration steps are carried out in situ in the same
apparatus as the sample processing. In certain
embodiments, the eluted protein is subjected to further
purification, such as by affinity and/or ion exchange

chromatography.

Brief Description of the Drawings

FIG. 1 1is a perspective view of a bioreactor in
accordance with certain embodiments;

FIG. 2 is a cross-sectional view of a portion of the
bioreactor of Figure 1;

FIG 3 1is a perspective view of a bioreactor base in
accordance with certain embodiments;

FIG. 4 is a perspective view of the base of FIG. 3,
including a membrane sealed thereon;

FIG. 5 1s a perspective view of a bioreactor
assembly, including a housing, a bioreactor base, and a
filtration base;

FIG. 6 is a perspective view of a filtration base
in accordance with certain embodiments; and
FIG. 7 1s a perspective view of an agitator in

accordance with certain embodiments.



second being in fluid communication with a filter device downstream of the second compartment
outlet. In its method aspects, embodiments disclosed herein include purification and isolation of
biomolecules of interest derived from cell culture fluids. In certain embodiments, the methods include
carrying out sample preparation or processing in a container or housing, such as culturing a biomass;

generating solids such as by precipitatpeg g4 fileeCuirigr-d ptoraelecule of interest from the cultured
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comprise a précipitatethatinthdes aqeatymers boanditoi thegeteirc of intere®t] anddle purification
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comprise a precipitate that includes a polyelectrolyte bound to the protein of interest, and the
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polymer to bingka biameleculenpfdnterestsknaertain embediments dhengieieiamereditration steps are

carried out in. it iadhe, Same aPRAIAS ApIE SATLe RIDCESSINGIpCeUpin ebadimeq(s, the eluted
protein is subjected to further purification, such as by affinity and/or ion exchange chromatography.
pre-sterilized. Means or agitation within the

bioreactor is also not particularly limited, and includes
impeller-based agitation, magnetic stirrers, as well as
wave-induced agitation and agitation induced by gas
bubbles. Agitation 1is important 1in preventing solids
from settling and plugging the one or more membranes used
for purification.

The following description 1is in reference to a
bioreactor. Those skilled in the art will appreciate
that it is for illustrative purposes only, and that the
embodiments disclosed herein are applicable to any
container containing a liquid sample having, or
ultimately forming, a sample having a relatively high
solids content.

Turning now to FIGS. 1 and 2, bioreactor 2 is shown
held in a stand 4, which is comprised of several legs 6
(in this embodiment 3 legs although one continuous leg or
2 large legs or more than 3 legs can also be used) and a
support rim 8. As shown the legs 6 may have an optional
support piece 10 at or near the bottom to keep the legs 6
from spreading when the bioreactor 2 is filled and in the
stand 4.

Depending upon the type of circulation or agitation

system used, the stand 4 may also support the drive



Brief Description of the Drawings FIG. 1 is a perspective view of a bioreactor in accordance with
certain embodiments; FIG. 2 is a cross-sectional view of a portion of the bioreactor of Figure 1,
FIG 3 is a perspective view of a bioreactor base in accordance with certain embodiments; FIG. 4 is

a perspective view of the base of FIG. 3, including a membrane sealed thereon;

FIG.5is a

perspective vigwrefa bigreagtor @ssembiyincluding adusing rabicreactar basenand adjltration
base; FIG. 6 is a perspectlve view of a filtration base in accordance with certain elrgbodlr?ents and

which typically is a stirrer or paddle assembly

this particular embodiment, the drive mechanism 12 is a
motor and is mounted to the top of the centered above the
top 16 of the bioreactor 2 by several arms 18 (although 3
are shown alternative numbers may be used). Other
features such as mounting blocks (not shown) and the like
may be formed on the top 16 or support rim 8 to support
the drive mechanism 12. As shown, the drive mechanism 12
has a shaft 20 that can be attached to the stirrer as
explained later herein. Other stands can be used in lieu
of the design described above and will work equally well.

The bioreactor body 22 (only partially shown in FIG.
1) has an interior space into which the fluids, cells,
probes and other devices of the bioreactor are at least
partially contained. The body 22 is sealably attached to
the top 16. This may be by a mechanical seal such as a
rubber gasket and clips 24 (as shown) or by a clamp, such
as a band clamp or Ladish or TriClover clamp, mated
threads on the top 16 and body 22 and the 1like.
Alternatively, they may be sealed by adhesives or heat
sealing of the top 16 to the body 22 or formed together
in one piece such as in a rotomolding apparatus.

The body 22 has one or more sidewalls 26 that extend
downwardly from the top 16. As shown, there is one
sidewall 26 of a <circular or <c¢ylindrical design.
Alternatively, there can be 3, 4, or more sidewalls if
desired (not shown).

Preferably, the body 22 is made of a single piece of
molded plastic or glass. Alternatively it may be made of
two or more pieces of plastic or glass that are gsealed
together such as by heat, glue, or gaskets (not shown).
Suitable polymers which can be used to form the top and

body include but are not 1limited to polycarbonates,



FIG. 7 is a perspective view of an agitator in accordance with certain embodiments. Detailed
Description Suitable containers or housings useful here in useful herein are not particularly limited.
For purposes of illustration, reactors, and in particular, bioreactors, will be discussed in detail, which
include disposable as well as reusable bioreactors. For example, solvent-resistance bioreactors having

a borosilicate glagscylinder and B EFE componestsi ssich 28 theseeommescialiyavailable from
Millipore Corporation, can be used. Similarly, disposable bigreactors that utilize bags, or that are
formed of seMiZrigid Or rigidMolded HaRAE Cah' e used"SUA dispiLible bioREHLtSrEHrE generally
pre-sterilizeg:Meass Iphagitation withi1 thetbieteacieits adso, not padicutarlylliited @nslsipcludes
impeller-basedgp?itation, magnetic stirrers, as well.as wave-induced agitation aj:d%%itation induced by

gas bubblesPRJVAOAS iMPortant T praveRting Soiids from sB¥ig and plugding e ohé ‘or more

membranes pseg datrpurdicationerephthalates (PET), polyvinyl chlorides,
chlorinated polyvinyl chlorides, ABS and its alloys and
blends, polyolefins, preferably polyethylenes such as
linear low density polyethylene, low density
polyethylene, high density polyethylene, and ultrahigh
molecular weight polyethylene and copolymers thereof,
polypropylene and copolymers thereof and metallocene
generated polyolefins. Preferred polymers are
polyolefins, in particular ©polyethylenes and their
copolymers; polystyrenes; and polycarbonates. The top and
body may be made of the same polymer or different
polymers as desired. In reusable embodiments, the body
can be made of glass, acrylic, or other materials not
deleterious to the process. The body 22 also can be a
disposable plastic bag, as is known in the art.

Also formed in the bioreactor 2 of this embodiment
are one or more ports 30 (in this embodiment there are
three types 30a-c (for a total of 5 ports) formed in the
top 16 and one or more ports 32 in the body 22 (in this
embodiment there are at least two different types 32 a-b
for a total of seven ports overall). The top 16 and body
22 may have multiple ports of similar and/or of different
styles to provide one with the number of ports, of the
desired type, 1in the desired locations throughout the
bioreactor 2. These ports 30, 32 or at least a portion
of them are formed as part of the top 16 and/or body 22.
They may be formed with threads that mate to sealable
covers such as closed caps, gasketed «caps with a
throughbore within the gasket, or wvarious Luer fittings.

Alternatively, one or more of the ports can be made in

10



The following description is in reference to a bioreactor.Those skilled in the art will appreciate that it is
for illustrative purposes only, and that the embodiments disclosed herein are applicable to any
container containing aliquid sample having,or ultimately forming, a sample having a relatively high
solids content. Turning now to FIGS. 1 and 2, bioreactor 2 is shown held in a stand 4, which is

comprised ot severaldeds 6 (indpisiembadiment 3 legs although gpe contiguails legehing
a hole and then mounting (such as by heat bonding or
adhesives) a port in place through or around the hole.
Many different port styles and sizes can be accommodated.

Ports 30a may be used for liquid or gas entrance or
exit or for probes such as pH probes, thermometers or
thermocouples or the 1like. Ports 30b may be used for
similar purposes. Port 30c 1is for the stirrer shaft
described in further detail herein. Alternatively, if
the Dbioreactor is an airlift design and doesn’t use a
stirrer rod, the port 30c may be used to house the
airline to the sparger at or near the bottom of the body
or for any other desired purpose. Ports 32a may be used
for sampling of the 1liquid or for probes such as pH,
temperature, dissolved oxygen, lactose level, etc. as are
common on such bioreactors. Ports 32a while shown as
being formed on the sidewall 26 may also be formed in the
bottom if desired as shown in Figure 2. Port 32b 1is
valved port which can be used to supply gas to the body
22 and/or as a drain or outlet from the body. It may
serve both functions by attaching a 3 position wvalve or
Y-shaped tube with wvalves such as pinch wvalves on each
arm of the Y to control flow (not shown). One suitable
system for the wvalve of port 32b is a LYNX® connector
available from Millipore Corporation of Billerica,
Massachusetts and as shown in US Patent Publication No.
2005/0016620.

Preferably, one or more ports 32 of the body are
formed in a location that is below the normal liquid/gas
interface level of the bioreactor.

If desired, one or more of the ports 32a or b in FIG.
1 may be used to provide gases to the body’s interior. A
plastic frit such as a POREX® porous material, a

microporous membrane or ceramic stone or sintered metal

11



2 large legs or more than 3 legs can also be used) and a support rim 8. As shown the legs 6 may have
an optional support piece 10 at or near the bottom to keep the legs 6 from spreading when the
bioreactor 2 is filled and in the stand 4. Depending upon the type of circulation or agitation system
used, the stand 4 may also support the drive

filter may be attached to the inside of the port within
the body to provide the sized gas bubbles desired.
Alternatively, a port 30a in the top 16 may be used to
hold a tube that extends down into the body to provide
the gas supply. Again it may use a frit or ceramic stone
or sintered metal filter or a membrane to provide the
desired bubble size. Alternatively, gases can be provided
to the interior of the Dbody through the ©porous
filter/membrane 110 within the stirred cell assembly and
the supply of gas can be provided through port 32b.

FIG. 2 shows a bioreactor 2 with top 16 and body 22
sealed to each other and a suitable stirring mechanism 14
in place. The stirring mechanism shown is formed of a
shaft 40 and one or more paddles, circular disk,
impellers, vanes or the 1like 42. The shaft 40 extends
through port 30c¢c and is connected to the shaft 20 of the
drive mechanism 12 (not shown). Preferably one or more o-
rings in the port 30c allow for movement of the shaft 40
without compromising the integrity of the seal within the
body 22. Alternatively, the “agitation” to avoid
plugging can be effected by ultrasonic waves or vibration
directed at the membrane or filter surface to prevent the
solids from collecting on the surface. Another method to
prevent plugging the filter/membrane 1is to cause the
solids to float to the top of the 1liquid phase by
introducing gas bubbles which adhere to the solids.

In accordance with certain embodiments, the
bioreactor 22 is a cylindrical tube, and is removably and
sealingly affixed to a base in order to provide a stirred
cell assembly. For example, in the embodiment shown,
shaft 40 is extended below paddle 42 via a short shaft
portion 40’, and an additional paddle or the like 42’ is
added (FIG. 7). The paddle 42’ is preferably positioned

just above the membrane 110 (discussed below) in the base
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mechanism 12 (as shown) for the circulation mechanism, which typically is a stirrer or paddle
assembly 14. In this particular embodiment, the drive mechanism 12 is a motor and is mounted to the
top of the centered above the top 16 of the bioreactor 2 by several arms 18 (although 3 are shown
alternative numbers may be used). Other features such as mounting blocks (not shown) and the like

may be formed opthe top-16 arsuRpordim 84 suppert thedriverpechanispm 12hAsshawn, the drive
mechanism 12 has a shaft 20 that can be attached to the stirrer as explained later herein. Other

stands can BEUEERFIn fidu of theCdeBigh 'desehbed abdve afd Wilf WorkeGualy-wefl. 1 “e bioreactor
body 22 (onlypavtially sBRowreii&nd) hasiandpterion spacedntoawhickethe. fluidss eeltsi probes and
other devices of the bioreactor.are at least partially contained. The boglg/ 22 Ls?seala ly attached to the

top 16. This Ry 156 by AheEHarcal shl suchds & TiBbet Yaskeldnd Biips 24 (K€ SHGM or by a
clamp, suchasiachanteaiamp or Latish os d riClover damp,poated thréadshen thetdp A6and body 22

and the like. Alternatively, t ma ealed by adhesives or heat sealing of the top 16.to the body
22 or forme t%egéﬁwrea;ﬁfri %ngﬁg%céy as%%‘rf%s ina )réo%gr%%%%ﬁgn gpﬁargtlu(g.e S%fhe t;%o%%/)tth!cas one or
more sidewallsl26tthat éxtehg downwasgly frden the toph#6. wisdstiownf thetesis eféssidewall 26 of a
circular or cy iri1dIrTilc%l desi%r%. Agﬁrena%vee%rtg%ree can rbe 334, orm rgfide\évgll 'hfeolresirt da(rgot shown).
Preferably, the %ogly%]é is‘'made of a singlé piece of moldad pﬁast?c or ﬁ/lass. Alternative y it may be
made of tworahore piedes of plasticlerglass thataredsealeditbgether sucllasky heat, giue, or

gaskets (notosvh&w)cg%u“89'&%0%@@5%'%9599&? used fo I%mtthg t‘%ﬁ’eﬂ&%‘%ggﬁ inclyge but are
not limited to polycarbonates, polyesters, nylons, PTFE resins and other fluoropolymers,
acrylicandmethatsdicresinsaddospdlgmeis) obsdiphonés poliethérsulphonds; polyaryisufphones,
polystyrenes, polygtherimides, nylans, polyesters, polyethylepe terephthglates (BET). polyvinyl
chlorides, chlorinated polyvinyl chlorides, ABS and its alloys and blends, polyolefins, preferably
polyethylene8asuehlasliinea? fow 8BASity golpéthgleneviowWidentsiy polyetigiene, igh deRsity

polyethylene, and trahigh,moleculas yeight polvsthyleng and gopglymers, thereafpolyrropylene and
copolymers thereof and metallocene generated polyolefins. Preferred polymers are
and is acceptable, in order to further ensure that solids
do not settle on the membrane surface. Those skilled in
the art will appreciate that suitable means other than a
paddle, such as a circular disk or wave agitation, to
sufficiently agitate the fluid in the interior space of
the body 22, are within the scope of the embodiments
disclosed herein.

Turning to FIG.3, a bioreactor base 100 is shown,
which includes a supporting surface 101 formed with
grooves 102 or the 1like for the flow of fluid. The
configuration of grooves 102 is not particularly limited,
although the ©preferred configuration is concentric
circles as illustrated. The grooves 102 are in fluid
communication with an aperture 103, which in turn is in
fluid communication with port 32b, for draining fluid
from the base 100.

The surface 101 of the base 100 supports one or more
membranes 110 (FIG. 4). Preferably one of the one or
more membranes is a relatively coarse filter or membrane,

particularly when the solids content of the broth is high,
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polyolefins, in particular polyethylenes and their copolymers; polystyrenes; and polycarbonates. The
top and body may be made of the same polymer or different polymers as desired. In reusable
embodiments, the body can be made of glass, acrylic, or other materials not deleterious to the
process. The body 22 also can be a disposable plastic bag, as is known in the art. Also formed in
the bioreactey2-af this embadimentars:onearimarernerts30.tha this empbodiment there-ake three
types 30a-c gor a total of 5 ports) formed in the top 16 and one or more ports 32 in the body 22 (in this
embodimentthéreare &F leRSTHRoifferéfit tydes 32 d:h3dr atbtdtof 5ev&n porfPoverdif SThe top 16
and body 22gnay save mitiple porsof gimitarandier.of differenti styles da provides ege avith the
number of ports, of the desired type, in the desired locations throughout the bioreactor 2. These ports
30, 35 or ot (AEEF R BORIEH of thert 46 Blmed S fiftof iodoh 16 andiGP 65e 3. TR Fray be
formed with #weads that materiorsealahle cavers sach as closed eapsy gasketesr-daps-iitky a
throughbore Wi'[hci{l the %la ket, or va@us Luer fittings. Alternati\éel)é, one or more %f tlfevg)orts can be
made in theqpﬁgs ic toI;T)1 andlor bo ylff%§sderl inglonr bu%iﬁa a hole @ndthen moun iné (such as by
heat bonding o adhésive s)canpartire placerthioudd, or around dhre hoteo Manyidiffersht poet, styles and
sizes can be %%o%mgdagelgéh g’sortsb%(%a nglec%beluisgdtfgr liquid or %a%(lepltsran%% or exitsor for probes
such as pH Sro gs, thermometers or thermocouples or the like. Ports 30 may be used for similar

purposes. Port Boe is for¢he stirremshaftidescribed irt firtheydetaintiereinu Pdternativelygif the

bioreactor isggﬁgi@n@eﬂg@ 9ndpdg§§§} gg@ fé%t%rer rgg%thec%%rg 991 may b%l"ilaed g&&qgse the

airline to the sparger at or near the om of the body or for any other desired purpose. Ports 32a may
be used for sarmplingsef thie ligdid o orcproblestsuchcasasH, iemperatdiied: diséblbed dd/igen, lactose

level, etc. as e ggy@ggg@e%u,ch\pﬁr;@ctg gpigﬁe%?g_vg@i&qqshggvnﬁ)%beirﬂgjﬁogg}ggq%@the sidewall

26 may also be formed in the bottom if desired as shown in Figure 2. Port 32b is valved port which can
be used to sEPEN gas ta theBody 22l aIfdBEAS a dFgih B budiet frorn the bedsg. IerfalyServe both

functions by ataching 4 3 position.yalyeor Y-shapad ube with,valyes stich,as pinchaglyes on each
arm of the Y to control flow (not shown). One suitable system for the valve of port 32b is a LYNX()

connector aRflABRrEHMiHligORE Corpdratiort sl Bilélic& Massachasetiand 48'$h6GSn ITS Patent
Publication Ne,12005/Q016620x ; 1 cPrefgrably: :ang qrymgke perts 32;0fdhe bodyaye formed in a

location that is below the normal liquid/gas interface level of the bioreactor. If desired, one or more

of the ports $2&8F6 inHEIEs AOay be BSed @prbdite gases td-fife bEeR e AterigP X pl&stic frit such as
a POREXO perousnatedal, adnicropeious membrang or ggrainicstone orsintesed metak

type and size to be filtered and the flow desired.
Preferred membrane based filters include DURAPORE® PVDF
membranes available from Millipore Corporation of
Billerica Massachusetts, MILLIPORE EXPRESS® and
MILLIPORE EXPRESS® PLUS or SH PES membranes available
from Millipore Corporation of BRillerica Massachusetts.
Prefilters, depth filters and the like can also be used
in these embodiments such as Polygard® ©prefilters
(Polygard CE prefilters) and depth filters (Polygard CR
depth filters) available from Millipore Corporation of
Billerica Massachusetts.

Depending on the mixture, polymer and the nature of
biomolecule, the filter may be hydrophilic or hydrophobic.
Preferred filters are hydrophilic and are low in protein

binding.
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filter may be attached to the inside of the port within the body to provide the sized gas bubbles desired.
Alternatively, a port 30a in the top 16 may be used to hold a tube that extends down into the body to
provide the gas supply. Again it may use a frit or ceramic stone or sintered metal filter or a membrane
to provide the desired bubble size. Alternatively, gases can be provided to the interior of the body
through the porousfilter/mambeane 1£Q within thestired cellassembly anddbe supply ofgas can be
provided through port 32b. . FIG. 2 shows a bioreactor 2 with top 16 and body 22 sealed to each
other and a SHIBRE Stirring Mechatism £4 7 pldde” $HE ki ing iethaflfdnt BhofhIE foftfied of a
shaft 40 andmeaeoreee paddles, cireular diske knpeliars;vanescor thedike 421Ehe shaft 40 extends
through port 30c and is connected tow shaft 20 of the drive mechanism 12 (not shown% Preferably
one or more C2ARGE PEhE'bort 30c ZIORTOF FoveiioT B SHAT 40 Wihout coBromiEig the
integrity of thessealavithinthe bodyo22 Aliernativety; dhehagitation't toi avoid phugging carthe effected

by ultrasoni ibrati irected at the rfi face to_preyent the solids from
collecting om\%gﬁﬁr}%@g. Er%%%ggngéthoaa {o prg\gr%%%ggﬁg%ggt%eg%ﬁé%?nem ragnge is'to c§§se the
solids to floaPEsthentopoafahe diquid-phdseby intfoducingl gas hubbtes whichcadhtere 1o thet solids.

In accordancBei iﬂé gegginl\%nggo%@uesnet% t_:[he b'ﬂ[e%cator 2% rilSC% c Iinadric%ﬂewgftagd is reen%ovably and
sealingly affixed to a'base in order to prowaé a stired cell assém ly. For examp?e, in the embodiment
shown, shafti40 deexterdbd beloWepaddie 42 viarestoreshafspartion 405 whd arradditional paddle or
the like 42" i FIG addle 42" is pref ly itioned | e the membrane 110
(discussed t?é%c?v%)%%% e%%%gcrl%%ﬁadé%%g 1";%/81'121 ?o%tgggwﬂ%%%ﬁ%}éﬁbyr?ﬁ%%%ch could damage it. So
positioned, it agitat@sfrnfiiid justabové¢heshembrahe &he presaitssotids @ ¢ affinity beads,
precipitate o flag)from.settligg on the-membrane, whigh tend toGlog prpjyg the pores ofthe
membrane. Preferably the paddle is sufficiently wide such that it substantially corresponds to the width
of the effectivié Bizmiatek b theomerbrare 6t s shightlyssrmaliek¢han BucthwRith iR orddrad provide
uniform fluid agitation pyen the effective filtation area of thesmembyrane. Jn certain.embediments, the
paddle 42' can be constructed of a suitable material, such as rubber or a sponge-like material, so that
contact with e S0RAcCEPthBPHEHBFREhe dutfiy agitaifeHdeeSn ot daiatjertheheRbree, and is
acceptable, ip;Qrder e futher ensute that selids do-not.settle apthe-membranesurface, hose skilled
in the art will appreciate that suitable means other than a paddle, such as a circular disk or wave

agitation, to Bdffigiéhil§ agitate i fiiid i thelihictibt spacé bPthe BERPI2 &2 withif tHEScope of the
embodiments ¢ligglesed-hereince 1 1:hur1RY 10:hiG. 3,3 bigreacoshage #80 isrshgywhich includes a

supporting surface 101 formed with grooves 102 or the like for the flow of fluid. The configuration of
grooves 10278 ot farizuiahy Simitett Bitho gt the préferred iighFtion s CoRt&mAt Eircles as
illustrated. The groovesnkdZaareyin fluidseommitmicatios withzar aperture45)3, wwhich) inituon is in fluid
communication with port 32b, forgrainin fluid from the base 100. The surface 101 of the base 100
supports oné)orO m3re HehTorahes TTORIG. 47 Prefdtaniy ond ot tHe Bie BFROE meibranes is a
relatively coariseiitter ommebwrarie; padticdariyowhertthe solids coatent of the brokh i® bigh, such as
about 20-35% splids by volume. Use of a_coarse filter or membrane as an initial filtration step helps
protect and Srrcl) on%ﬁ[ﬁe%%#fcrg ﬂfejo )su%%éPQUe?ﬁ% oWns %5%“% gfion( %%élugﬁlﬁgﬁtr&, gleEneraIIy more
expensive memdmanes, sack asasl.2aniexpaistetilizirigegrade enesnlorane édiscussechin greater detail
below). Suitable m ranes inglude, but are not limited fo, polymers such.as but not limited to olefins
such as poIyrei'Lhny%Feﬁlga itlgwblu“éflslnlgcﬁltréﬁigﬁurﬁrollegaférr%veeig etolp(gIylertlhﬁéfr?ec,epokfﬁ/prgpﬁgﬁg,oégA
copolymers anad alphé blefingscmetadlocenezalefidic polynreys, PRAMEA RTEE, tolycasbenates, vinyl
copolymers sjucl. a3 RV, polyamides.suchias.pylon, palyestars.pelilose felllose agetafe.
regenerated cellulose, cellulose composites, polysulfone, polyethersulfone, polyarylsulfone,
polyphenylsuifokel polyaieigonitril ooty virmideié fluovde (PEDFY, &l blendstresfaThe
membrane sglected depends.upon the appligation, desired filiration characteyisties, parficle type and
size to be filtered and the flow desired. Preferred membrane based filters include DURAPOREO PVDF
membranes @baifasié Font Milfipord Cérporafif ofBillerica Massactrisass, MILLIPOREEXPRESSO
and MILLIPQREEXRRESSQ R} US ar$H RES membranes available from Milliporg Gorporation of
Billerica Massachusetts. Prefilters, depth filters and the like can also be used in these embodiments
such as Polygafdetefitéts (Polygard CEprefitters) ahd epth fier$(Polygard R Yepthilters)
available fromMiliporg Lasparatien of Billgrica.Massachisetts.,e Depending @nthe apxture, polymer
and the nature of biomolecule, the filter may be h%drophilic or hydrophobic. Preferred filters are

hydrophilic K &E16w it prdteirfGindmge s membrane (s) .
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The filter, be it membrane or otherwise, may be symmetric in pore size throughout its depth such as
DURAPOREO PVDF membranes available from Millipore Corporation of Billerica Massachusetts, or it
may be asymmetric in pore size through its thickness as with MILLIPORE EXPRESSO and
MILLIPORE EXPRESSO PLUS or SH PES membranes available from Millipore Corporation of
Billerica Massachuseits. K 1aay:gentain & pegfilteplayeritdesied; either asa-separate upstream layer
or as an Integral upstream portion of the membrane itself. Depending on the size of the particles
generated, tHére &y 6€ instanEE& in-Which THE MeMisian® i< ulrbfifraliés fnehibtané For
example, in easesin which the particle sizesis:small,comparesito dhe pare sige ©f avmigsoporous
membrane, then a membrane with smaller por séign the UF range]e ould be more appropriate to avoid
plugging. Sultabe uItrathrat n\clii%‘@ﬂ%ar5§<§§ ianu r&JEndtafed c %Io%@ aﬁ&%%%gh& fone
membranes,daalgding those with a pore size larger than 0.2 microns, e.g., generally those with pore
sizes of 0.45, 0.65, 1.0, 2.0 microns or larger. O%tionall¥ a porous ﬁupport (notg 0 ng can be placed
between the surfacé'101 of tia bade and ta memi rearrllefs’) 110. A& Membrane s])\%/énalasiupport if
present) arersealetiiagainstrtheibasesachas with arf Ortihg 4 065 inhietr in huraecar be héld in place by
a support rin 7.such as an acrylic ring. Where.more than embrane 110 is ysed, they can be
assembled iﬁ9 gcg?gck%% r%?é%oﬁs S|)|%fTC\R/th}(ga]’re moré }tjhognnor%en m%?n grgnrg isa&sged,&éach%%%ﬁfbrane need
not be of theasdme pedfétiManceicharactertistids(ecg, lpove size, flux, capadity ssurface chemistry, etc).

For example thg er.me| brane 'nsgigg]eig d 42 ma be_of avlé?l ger po e%il%gt an the lower
membrane(sgj1 anglﬁ)c?rp?t méy e%?a Ifferent matégri;j# t lanatﬁe ov(vgerror%em%)'rane 5) The bioreactor
body 22, suchcasa vylindricattibe sis lplaced/in Senliog Feldticnshipewith theilbdse2E007 asshown in

FIG.5. A pluzgalité/_bpifg%%slg can Qgr%oviggg, whi g@gndﬁcmgnwardlyérpm ég}%}gﬁ% ,100ato support

the same. Incertainembodiments,whereadditional purification is desired, a further filter base can be
added to thesdssembly, aIsHRIPIRERIGS. SUait 6-SThus Ja Bage 00T sifkflaP tB&se TO0! is

provided, aggin with.a supperting.surface haying,syitable gropves,andgne gL more marmbranes
sealingly supported thereon, such as with a suitable 0-ring and support ring. For example, a sterilizing

membrane, Sichi&sla 02 riicfonhéirbFaneaesn Bé tised @opflonafy afdky with a suitabféporous

support). Segleghtodbe filtes base,10Q' Js a heusing,22 which pegyides a gavity Qf interigr space
between the bioreactor base 100 and the filter base 100", The housing 22' can be a cylindrical tube,

preferably h&ifg B Samhe didmeterddthehidreddtsr hbu<ing 22, Bnasnadd f the sam®material. It
should haverchejghisufficientde ageoramedaterat least B partien olthe siohupe wf Auid tade purified
that is received directly from the bioreactor. The top edge of the housing 22' preferably protrudes
radially inwafdly, & preferaBly ifdiudes dn'6-ring los™ S6 tat e AdlSing 22" &Rt bA&EE00 can be
affixed in sealingtiedatioamé plaradityiefllegs 6t cambe piovided, extenrdiag downwardly fiom the base
100' to support the assemblz. Although it is preferred that the iIt%ase 00' be irj]ée%ral to.the

n

bioreactor assenibiy 8 FsHI & Sné-piecetehictdr BSSEmBT 6 samisle BrocdiSing ant diredt
purification, inccertadn embodimernts this subseguent pustication step«eouldybe carsied ottavith a filter

that s physically separate from(althaugh optionallyin flud communication with) the bigrgactor body
protrudes radially inwardly, and preferably includes an
O-ring 106’ so that the housing 22’ and base 100 can be
affixed in sealing relation. A plurality of legs 6” can
be provided, extending downwardly from the base 100’ to
support the assembly. Although it is preferred that the
filter base 100’ be integral to the bioreactor assembly
to form a one-piece reactor assembly  for sample
processing and direct purification, in certain

embodiments this subsequent purification step could be

carried out with a filter that is physically separate
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The housing 22" includes an inlet port 50 that can be placed in fluid communication with the outlet 32b
of the base 100, such as with suitable tubing 51 (FIG. 5). The filter base 100’ includes an outlet port
32b' in fluid communication with the drain (not shown) in the base, for directing the biomolecule of
interest to a suitable point of use, such as a further purification step (e.g, a chromatography process

train).  Arraligrnativererabegimeris & have the gutlet of the sesenth heusing 22'4in fluid
communication with the outlet 32 of the base 100 but to have the second housing contain no filter or
membrane. INSfeddthE TGP poR ¥2Yis’if fluid communication via a tube or other conduit (not shown)

with a self containedfitehdemce fno showm)sueheas aMillexe ditteraran Qptiseatkee oxLpticapO filter
that then sterile filters th bioquJ cule of interest. The outlet of this filter device is then connected to a
stitable poirtSf G Sih A8 a Tgrier prFEAor &ep B o o PhrTBtoRRE pracsss train).
Suitable valvimg amch sensing equiprientcanyie-asseciatet With oo atandre of(thecvaridys inlets and
outlets to detect or measure and control flow.or any other characteristic, such as resence of the
biomolecuIeEoe}P%]e %p.grggteenrce %f’j i?nepuglltﬁlgés{ aslgﬁzlr%%ﬁgte %Pde%%lrgtﬁi.elgior%%rtﬁplé?g)lﬁingl the cell
culture phasé lthecdouttetn@2indfthe base 10@ s ctdsed sa that thérfluid remaims in the body 22 when

the gas is ap}plied thro#grh part 32a.ar 30a. Inbcertairhemb9dimggts \ivrp%ergspolyrger is added to a

cell culture broth to selective 3} 5?18%%%5a%®ebindl§ biomolecile of mterest,swta%le p%lyr%ers include
poly (N-vinyleaprotdctem)joly(N-acfyloyhiperidinel), pely(Navinilisathsyramide) pobaiN-substituted
acrylamide)inclugingpoly(Nzisopropylacamide). o ocess train) .

An alternative embodiment is to have the outlet of
the second housing 22’ in fluid communication with the
outlet 32 of the base 100 but to have the second housing
contain no filter or membrane. Instead the outlet port
32" is in fluid communication via a tube or other conduit
(not shown) with a self contained filter device (not
shown) such as a Millex® filter or an Optiscale® or
Opticap® filter that then sterile filters the biomolecule
of interest. The outlet of this filter device 1is then
connected to a suitable point of use, such as a further
purification step (e.g., a chromatography process train).

Suitable wvalving and sensing equipment can be
associated with one or more of the wvarious inlets and
outlets to detect or measure and control flow or any
other characteristic, such as the presence of the
biomolecule or the presence of impurities, as appropriate
or desired. For example, during the cell culture phase,
the outlet 32b of the base 100 is closed so that the
fluid remains in the body 22 when the gas 1s applied
through port 32a or 30a.

In certain embodiments where a polymer is added to a
cell culture broth to selectively and releasably bind a
biomolecule of interest, suitable polymers include

poly (N-vinyl caprolactam), poly (N-acryloylpiperidine),
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poly(N,N'-diethylacrylamide), and poly(N-acryloyl-Nalkylpiperazine)], Hydroxyalkylcellulose,
copolymers of acrylic acid and methacrylic acid, polymers and copolymers of 2 or 4-vinylpyridine and
chitosan with either a ligand or functional group attached to it. Suitable biomolecules of interest
include proteins and antibodies. Suitable antibodies include antibody selected from the group

consisting ofa recomkinagtiantinedysa secembinant monoclonal aptibgdy-aspelyelonakantibody, a
humanized antibody and an antibody fragment. In ogeration, the sterile device is placed within the

stand and thB /&bl tohnections tor &R 1i@id, probRe! ¥dMphifg RatePar itathdl 16 e device at
the approprigte1ports, N hedievice isdiled withi media to a gesired level jormiag alinsid/a interface
somewhere below where the top 16 is attached to the body 22 to leave a head space of gas as is
common in LSS A KBl bhe JOREAS T Db TE e O e 1 tEHAGE MC™ The'ihedia I then
seeded with sl giganismazo be grawr be gptant canimat cell{€HD or NSQ wells for instasce) virus,
yeast, mold or bacteria (such as E, coli) and the liguid is circulated or,agitated and air/gases and
liquids move%olﬁtcgl rmoeu]%sof the dg%/iceo% a?néfnlnrégﬁég %ﬁéé‘:(we?y g%lvc\?1 thggc:hﬁﬁrseairﬁsi(}gl.tﬁ A polymer
soluble undes atteriain sét ghprocess Canditians: sladded;andts semdeted énsiotuble and precipitates

out of solution upo aﬁga e in,conditions (e.g., temperature, salt concentration, light, electrical field,
o1 ph. Allematively SR 0 B DeAde o b Fauing A Toand S hRCidralty capable
of purifying the diomoteCufelcars be added: toabihd toahe biomdleculelofdhtetest ertbithedpluble

impurities. Agliatlon g-confipyad (e phibit he solide frarp setiga. and the salid, wieninis

embodiment inc e precipitate that contains the polymer, impurities such as cells and cell debris,

host cell prpt@riﬁsi,mand thre fikenand ahe dé@iré_diléi@mdle@mé,i@dtje wasked pAeé eraore times
(such as with gisyiiahle buffer),to.ensurg thatanyimpuriiigs é’f‘ﬁ%%"&cl‘ﬂ@cﬁ’%_eﬂ@[}%%ﬁ". or on the

polymer have been removed. The wash step(s) can be carried out by filtration through the one or more
membranes in the Bédse 4POr #ith SuperhdRantHeng sent 46 Waste visportl3zisd  WIHébibmolecule of

interest then.gan beyegavered; suehashy-sejgctive siutianafhe target biomolecule from the
precipitate (or beads) such as by altering the ionic strength and/or pH conditions of the solution while

the impuritieBLifERidingSSHIEHIé Bfd ifd6tublé hfatéifdlaraiain edmplekedsvititthe Predipitated

polymer. Regoyeryis-carried gyt-preferably along with a sterilizing diltration stepq by causing the
filtration base 100 to be in fluid communication with the base 100, such as by connecting the outlet of

the base 100 f°theSilet S 6ithefBEEY 9. Accdrdiffighyl petreatd Rt BfSoufiersitig Base 100

enters the by 22/, wets the membragg 116, and fikratioprtBrough thewaenyage 210" proceeds. The
purified biomolecule of interest is then recovered in the elution pool via the outlet port 32b' of base

100'. The préGipitated poi§adr-ihpGiy ComBRX (6rthe Ay Beadsf m&Y b8 diSehrdetf The driving
force for filtrationi may Hbecpressureordmcudnbe low the level of the interface.

The media 1is then seeded with the organism to be
grown, be it plant, animal cell (CHO or NSO cells for
instance) virus, vyeast, mold or bacteria (such as E.
coli) and the 1liquid 1is <circulated or agitated and
air/gases and liquids moved into or out of the device in
a manner to effectively grow the culture inside.

A polymer soluble under a certain set of process
conditions 1s added, and 1s rendered 1insoluble and
precipitates out of solution upon a change in conditions
(e.g., temperature, salt concentration, light, electrical
field, or pH). Alternatively, affinity or ion exchange
beads or beads having any ligand or functionality capable
of purifying the biomolecule can be added to bind to the

biomolecule of interest or to the soluble impurities.
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What is claimed is: 1. A method for purifying a biomolecule from a mixture containing impurities
comprising: a. providing the mixture at a set of conditions; b. adding one or more polymers, soluble in
said mixture under the set of conditions and capable of reversibly and selectively binding to the
biomolecule; c. mixing the one or more solubilized polymers throughout the mixture; d. precipitating

the one or moge pelymers and boung bigmelgcule out ofsolutian by-gkanging thesset ef-eanditions in
the mixture; e. washing said precipitate by contacting said precipitate with a wash solution and filtering

the supernataftthtdtgh a fifdt TnemBfane 5P fécbverifg #& bourd bibmbfecuRTraf tREpblymer and
filtering the hiemolegsle through @ secard membrasgat contains the polymer,

impurities such as cells and cell debris, host cell
proteins, DNA and the like and the desired biomolecule,
can be washed one or more times (such as with a suitable
buffer) to ensure that any impurities in the liquid or
entrapped in or on the polymer have been removed. The
wash step(s) can be carried out by filtration through the
one or more membranes in the base 100, with supernatant
being sent to waste wvia port 32b.

The biomolecule of interest then can be recovered,
such as by selective elution of the target biomolecule
from the precipitate (or beads) such as by altering the
ionic strength and/or pH conditions of the solution while
the impurities, including soluble and insoluble material,
remain complexed with the precipitated polymer. Recovery
is vcarried out preferably along with a sterilizing
filtration step, by causing the filtration base 100’ to
be in fluid communication with the base 100, such as by
connecting the outlet of the base 100 to the inlet 50 of
the body 227. Accordingly, permeate from the outlet of
the base 100 enters the body 22’7, wets the membrane 1107,
and filtration through the membrane 110’ proceeds. The
purified biomolecule of interest is then recovered in the
elution pool via the outlet port 32b’ of base 1007. The
precipitated polymer-impurity complex (or the affinity
beads) may be discarded. The driving force for

filtration may be pressure or vacuum.
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2. The method of claim 1, wherein said filtering of said supernatant and said filtering of said
biomolecule are carried out in the same apparatus. 3. The method of claim 1, wherein the biomolecule
is an antibody selected from the group consisting of a recombinant antibody, a recombinant
monoclonal antibody, a polyclonal antibody, a humanized antibody and an antibody fragment. 4. The
method of claim 1 wherein said biomolecule is a protein. 5. A method for purifying a biomolecule from
a mixture containing impurities comprising: a. providing an assembly comprising providing a first
container having an interior space, a first base adapted to be sealingly affixed to said first container
and supporting @t deast-onel membrane; an outlet in said base, a second container adapted to be in
fluid communication with the outlet of said first base, and a second base adapted to be sealingly
affixed to said second container and supporting a second membrane; b. providing the mixture at a set
of conditions; claddfhg6tie'6f mbpe pBlYAiersl 88luBleln SBR Atikitte GRABr the BeXBFEBNditions and
capable of reversibly-and-selectively,binding de thehiomelecyle;

a. providing the mixture at a set of conditions;

b. adding one or more polymers, soluble in said
mixture under the set of conditions and capable of
reversibly and selectively binding to the
biomolecule;

c. mixing the one or more solubilized polymers
throughout the mixture;

d. precipitating the one or more polymers and bound
biomolecule out of solution by changing the set of
conditions in the mixture;

e. washing said precipitate by contacting said
precipitate with a wash solution and filtering the
supernatant through a first membrane;

f. recovering the bound biomolecule from the polymer
and filtering the Dbiomolecule through a second

membrane.

2. The method of claim 1, wherein said filtering of said
supernatant and said filtering of said biomolecule

are carried out in the same apparatus.

3. The method of claim 1, wherein the biomolecule is an
antibody selected from the group consisting of a
recombinant antibody, a recombinant monoclonal
antibody, a polyclonal antibody, a humanized antibody

and an antibody fragment.

4. The method of claim 1 wherein said biomolecule 1is a

protein.
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d. mixing the one or more solubilized polymers throughout the mixture; e. precipitating the one or more
polymers and bound biomolecule out of solution by changing the set of conditions in the mixture; f.
washing said precipitate by contacting said precipitate with a wash solution and filtering the
supernatant through said first membrane; g. recovering the bound biomolecule from the polymer and
filtering the biomolecule through said second membrane.

5. A method for purifying a biomolecule from a mixture
containing impurities comprising:

a. providing an assembly comprising providing a first
container having an interior space, a first base
adapted to be sealingly affixed to said first
container and supporting at least one membrane; an
outlet in said base, a second container adapted to
be in fluid communication with the outlet of said
first base, and a second Dbase adapted to be
sealingly affixed to said second container and
supporting a second membrane;

b. providing the mixture at a set of conditions;

c. adding one or more polymers, soluble 1in said
mixture under the set of conditions and capable of
reversibly and selectively binding to the
biomolecule;

d. mixing the one or more solubilized polymers
throughout the mixture;

e. precipitating the one or more polymers and bound
biomolecule out of solution by changing the set of
conditions in the mixture;

f. washing said ©precipitate Dby contacting said
precipitate with a wash solution and filtering the
supernatant through said first membrane;

g. recovering the bound biomolecule from the polymer
and filtering the biomolecule through said second

membrane.
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