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LOW ORGANIC EXTRACUTABLE DEPTH FILTER MEDIA PROCESSED
WITH SOLVENT EXTRACUTION METHOD

FAPPLICATHONSG

OG0T} The present patent applization claims the benetfit of priority of US provisional
patent application no. 61656263, filed June 06, 2012 and US provisional pateat
application no. $1/664,999, filed June 27, 2012, the entive contenta of which are

ncorporated by reference m their entivedy.

DESURIFTION OF THE INVENTION

Freld of the Invention

{00021 In general, the present tnvention relates to ower organie exteactable media
used in the prmary clarification of celt culivre feeds, In cortain speeific
ambodiments, the vention provides 2 primary cheifivation depth flration process of
cell-culiure foeds and the hike, which wtilizes 8 primacy clarifieation depth [Hration
device containing a porous modis with significantly lower fushing requiremenids
resulting in lower lovels of prganic extractabdes released fom the media after
fushing, as well as having an increased theoughput for the pre-treated feed streams,
without the use of & primary clarification centrifugation step or primary clarifisation

tngential Bow microfiiration step,

Hackground of the Invention

0003 ] Manufacturing pharmacentival-grade hiomeolecules, inclading proteios such as
manoeional antibodios (mAbS) Is 8 complex manufacturing process comprised of

waltiple filtration, contrifugation, and chromatography techniques designed to
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rosduce high quality products for patients. The clarification of cel] cublure hanvests
and high-solids feedstocks can be 1 daunting task due to the large volumes of harvest
from modern production bateh bloreactors (525,000 L) and high cell dewaities that
often require primary, as well as secondwry clanification prior to the subsequent
chromatopraphy operations, Axnd as such, harvest and clarification scheomes tor the
production processes of cell pulture harvesty and bigh-wolids feadstocks, such as

mpnmalian cells and mabs, ave the produet of much evolution and evaluation carried

ot over the last 20 vears or so.

O004] Harvest techiiques for manmadian cell culture and mAbs are now rontingly
axpected 1o opersie with hgh vields (>953%) and mintmal cell disroption. As product
molecule ters have increased, the higher cell mass and larger ansunts of product
create phatlenges for the downstream porification steps. Higher cell densities resull in
difficplties during clarification and sterile fitration. Higher produst concentrstions
generally reanlt in inoreased imparity load and the need for larper chromatogeaphy

installations. As such, iprovements in the form of gains in efficlency and thronghput

are greatly sought after

FO0OS] Primary clarification of feeds, feedstreams, feedsingks, cell culture broths and

the Hike, including high solids feeds, such as those comaining mAbs and mammalian

cell culture feedstocks, remove ke amounts of Homass, partioolarly whole cells and
other larger collular debris, foltowad by secondary slarification which removes

smatler colloidal particulaies and other particles that tmpair the capacity of
downstream filers, Conurifugation is typically the priveary clarification step in the

production processes of mALs and manmalian cell culture broths and foadstocks.

FOODST mAL manufacturers have invested g great dead of thine and effort incecasing

Py

A
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the product thier of & edstock, However, while igher thers tierease cell culture
productivity, it alse produces foedstocks with Lrger amounts of blomass amd coll
debris content. Feeds containing such larger amounts of biomass and celt debris can
produce high turbidity ventrates after contrifpation. High turbidity centrates often
recucs the throughput of the secondary clarification depth fiter and the subsequent
stertle filter used downstream of the contrifuge. The reduced thronghput canses &

range of problems from increased process cost 1o deviations in process procedures doe
s plugping of filters and long processing delays. Finglly, the need for primary
clarification using a ventrifuge requites exiensive, validated cleaning provedures

between runs {o atiempt to reduee the risk of cross contanmination between batches

and therapeatic molecolar species.

{0007] This s particudarly problematic at pilod or clindeal scale Motherapeutic
production where i is destrable o provess multiple products in a relatively short time.
The comrifuge cleaning procedures stow down the pilot plant’s gbillty to change over

X ¥
i the production of s difforent biomolecule, and groatly increase the risk of cross
remove all particnlates and celtular debrls from these feedstocks in the primary

clarification step, hence the need for the sevondary clarification step utilizing depth

filtration after the contrifugation step, bat prior io the subsequent chromatographic
steps.

[O0ORT Alternstively, successive Tiltration runs have proven uselul in romoving
different-sized cell and collnlar debris from feedsinoeks, but rpacally the volometric

throughpuds Hmi the application to smaller volumes (<1000L) wheve the filter

instaliation has a reasonable size. The use of filtration greatly reduces the risk of eross
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contantination and eliminates the need fv choaning and cleaning validation bebween
vins due the disposable nature of Hltmation devices. Unfortunately, the tow throughpwt
requires a large mumber of flter units which can reduce fltration vields hecause each
successive stop results in the Ioss of a portion of the feed solution through boldap

volumes of the filer device and squipment,

[(009] In order to turther cobance clarification performance, throughput and

downstream fiftration operations, the floceulation of & cell cultire harvests have been
used, Flecouluns precipitate colls, coll debris and proteins because of the Interaction
between the charges on the proteins and charges on the polvmer (e.g.
polyeleotrolyies), creating insoluble comploxes, and subsequent bridging of insoluble

e &

comnploxes either by restdusl charge interaction or threugh hydraphobiv patehes on

the complexey to form larger clusters, In order 10 remove these large Clusters, a
centrifuging step or mngential low nierofiltration I8 the pramary mode of

{

clarification {ollowed by the secondary clarification step whereby depth filiation 1s
widely nsed in the clsrification of vell culiure broth prior to the capture
chromatography step, Since contrifugation cannat deliver g particle-free contate,
depth filter (secondary depth filtration) and storile fller need 1o be a!i\idiix’\ifli“iw‘

{0010 Tangential How microliliration {(also called cross-flow microfiltration}
competes with contrifugation for the harvest and clarnification of mAbs and therapeutic
wadacts from swenmalian cell cubture, Ope advantage s technique olfers 15 the
creation of a particle~-free harvest stream thin requires mrdmal additional fillration.
However, tangential flow avcrofiliration mombranes used for cell culture harvesis are

often plagued with the problew of merabrane fouling (e, frrecoverable dechines in
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membrane fug), and typically roquire strict complex opermting conditions, followed
by a thorough cleaning regimen {3 18 also the case with a contrifuge) for each
mernbrane afier cach use, One way 1o address the tangential flow microfiitration
membeane fouling ssue 13 by using more hydrophilic membranes, which wre generally

constdered somewhat loss susceptible to signifivant fonling.

&.- RS

0011 Depth filter clarification media are exienstvely used 1o clanfy cellculture
feads and have demonstrated the ability to reduce tnurbidity and remove some solnble
impurities such as DNA, hosy cell protedn, and sndotoxing Depth filter clarifieation
media are typleally corstructed from materials of a fibrous bed of cellulose, 8 wet-
strength vesin binder and an incrgande filter aid such as distomacecus eavth. The resin
hinder helps to impart wet tensile strength, provide an adsorptive charge to bind
imprrities and minimize shedding of materiads of composition (e celludose and
filser add), The diatomaceous carth provides a high surface area to the filter and
contribates o the adsorptive properties, However, two of the components {eelialoss
and resin bnderd are known o contribuie to organic extmeiables. Therefore, these
depth filters need to be Bushed prior to use 10 redope the organie extractables which
can be pxpensive and Hme-consuming, Based on the above mentioned Himitations of
exiating filters, there i 8 need to develop next geperation depth filter media with
significantly lower flushing requirements and increased throughma for the pre<ireated

ford stregms.

SUMMARY OF THE INVENTION

FO01 2] o response 1o the above needs wrd probloms assouiated with the primary
clartfication processes of feeds, feed stroams, feedstochs, cel culture broths and the

like, the present Drvention overcomes the challenges by using & primary clarification
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depih filivation process which wtilizes a primary clarification depth filtration device
containing a porous media with significantly lower flushing requirements resulting in
tower levels of organic extractables released from the media after Mushing, as well as

having an inercased theoughput for the pre-treated feed streams.

{00137 The present invention alse encompasses & process for redueing organic
extractables released from g primary clarificstion depth fltration media such that the

teved of total organic extractables measured in & feed filtered through the porous

mredin after flushing s about 1-3 ppuy, the process comprising:

) providing g depth filisation deviee having & porous depth Hlter mediag

b extraciing froo the media with organie solvents: and

&) Fushing the medis 1 fow mies ranging frow aboat 10 Hiresfr i 1o about
600 fitrea/m My sueh that the level of total organic extractables meassured in a fed

stoek fihered through the media alter flushing i abowt 1.3 ppmy

{00141 The prosunt invention alse onooampasses 8 primnary clarification depth {ilration
provess using a primary clartfication depth filivation devics containing 2 porous mwedia
with significantly lower flushing requirements resulting in lower fevels of organie

extractables released from the medin after flushing:

a) providing a primary clwrification depih filtration device having a

porons depth filter mediag

o

b} extracting from the media with organie sobvents;
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P N 03 1 fnss daves (3 g
o3 flushing the media ot flow rates ranging from about 10 lires'm Vi

to ahout 600 Hives/m™hy such that the level of 1ot grganic exivactables measwred in g

foed stock filtered through the media afler Hoshing is about 123 ppmy and
dy runming a feed stock theough the media after fushing.

{00151 The present invention also snoompesses & process for the primary clacification
of ferds, foedsireams, feedstocks, vell culivre broths and the ke, containing « target
hMomolecule of interest and & plarplity of celhular debeds and collvidal particulales
withoni the wse of a primary clarification centrifugation step or o primary clarifieation
tangential flow microftlration step using a primary clarification depth fliration
eontaining 2 porens media with sigaificantly lower flushing regoirenents resulting i
fower fevely of organic extractables relepsed from the media after flushing, the

WOUESS vonising:

inn

a) providing g primary clarification depth filtation device having a porous
media with significantly lower Hushing requirenents resulting in tower levels of

&8

organic extractables released from the media after Sushing:

by providing a fed stroam containing & target biomolecule of inferest and a
plurality of celhular debris and particulates, whereln the cellular debris and

particulates have 8 particle sive distribation of aboot 0.5 pm 1o abowt 200 pm;

o} comntacting the porous depth flter modis with the Roed strearn, soch that the
depth {ilter media is capable of fthering vellndsr dobris and particulates having a
particle sixe distribantion of about 0.5 pm to about 200 pm gt g How rate of abowt 10

.. .1, A C . Vo et dediac
titves/ny /b to abow 300 Hters/m iy sach that the fevel of total o ywganie gxtractables

=¥
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measnred in the foedstrean filiered through the media after Doshing s abeat 143 ppag

and

) separating the target blomolecude of inderest frovn the celtutar debris and
particnlates without the use of @ primary clarifiestion ceontrifugation step or a primary

charification tangential flow microfiltration step.

00161 The present fovertion forther encompasses @ process for the primary
clarification of s floceulated feed containing a target biomoleauke or biotherapeutic of
interest and flocoulaied cellular debwis, materials, and collnidal particnlates wsing a
primary clarification depth Shtration device withoot the use of a primary clarification

sarifugation step or & privary clarification tangestial flow micmfilisation step, the

PIOCess U)?Rf\?i\iﬂ“

a} providing a depth filteation device containing 8 porous madia with
significantly  lowser Thabing requirements resulting o lower levels of organis

extractabies released from the media afler Hushing:

b} providing s chemical floconiant;

o} providing a foed comtaining a target biemaclecule of inferest and » plurality

of cellular matoriad, debwis and colloidal particuluies:

) combining the chemical Socoudant to the feed;

¢} forming chemically floveulued collular materials, debris and colloidal
particulates in the foed, snd optionally chemtcally Boconlating the target Momolecule

of inferest;
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{1 comtacting the porus depth filter media with the feed contaiming the

chemically Hocoudned celhular materialy, debwis and collnidal particulatesy and

g} separating the fleccudated bimolesular species of interest aud the pharality of
focontated oollular material without the wse of a contrifugation clarificalion step or 8
tangential fow microfiltration clarification siep, wherein the Jovel of total orgame

exiractables measursd ina feod flored trough the medin afler ushing is about -3 ppm.

00171 The present invention ix divected towards & process for reducing organic
3 B . g org

exiractables from a primary clarification depth {iler using an exiraetion system
having a privewy clarificstion depth Bliration device containing 8 lower orgame

extraciable media,

00187 The present invention s direcied towsrds primary clarification withowt the use
of a primary clarification centrifugeation step o primary clarification tangential fiew

microfiltration step. The depth Shration devices are able w fler

oy
e
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ntining partivles having & particle size distribution of approximately 0.3 jon 1o 200
s at & flow rate of ghowt 10 Hres/m™hr to about 600 liters/m®he until the THMP
resches 20 psi The primary clarification depth filter media taught heredn tnchude
graded porous lavers of varying pore ratings extracted with an organie solvent. The
extraction sobverg, HPE-T20E Nover™ Engineerad Fluwd HEE-720E by 3M™ S
Paul, MN, USA)Y or one of g possible replacements (HFE-71DE, HOFC-141b,

Verire! MCOA| or Vertrel MCA+L are all solvents for hvdrecarbon and fluorpcarben

greases amd o,

BRIEF DESCRIPTION OF THE DRAWINGS
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[9] The accompanying drawings, which are incorpurated in and constifule g part

of this specification, iHustrate the presently comemplated pmbogdiments of the

e

invention and, ogether with the deseription, serve to explan the principles of the

wveation,

TOUR0] Figures 1AL IB, 10, 1D, 1E and 1F depict different schematic enbodiments of

+
3

exanples of primary elarification depth filters secording to the vention, wherein
Figure 1A, 1€ and 1E depict primary olarification depth filters having at feast 7 luyers
for ase with polymer flocodant (smart polymer) treated feeds, and Flgures 18, 1D
amt 1F depict primary clanification depth filters having at loast B layers for use with

chemically tregted foeds {aoid treatmenth

FO021) Figare T dopicts flushing curves for different embudiments of the primary
clarification Rlters with nov-extracted modia at a working flow rate of 60U Htersim ™/ hr

according o the Hrvention;

{00221 Fiygure 3 depiets Hushing cwrves for mudtiple embodiments of the primeay
clarification fillers with extracted media at a working flow mate of 600 Hiers/m™hy

avconding to the invention: and

U231 Prgure 4 dopicts fushing curves for mudtiple embodiments of the primary
clarifioation filters with extracted media st ¢ working flow rate of 100 frers/m ™y

aceording o the nvention.
DESCRIPTION OF THE EMBODIMENTS

jU24}] Al publications, patents and patent applications clted hercin, whether supra or

infra, are horehy incerporated by reference in thelr entirety (o the same extent as if

10
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each individual publication, patent or patent application was specifically and

incividually indicated t be invarporated by reference.

[0023] For the purposes of this spectfivation and appended claims, undess otherwise
indicated, all numbers sxpressing grantities of ngredionts, percentages or proportions
of mumerials, reaction conditions, and other numerical values nsed in the specification
andd clains, are to he wderstood as being modified in all instances by the term
“about” whether or not explicttly indicated. The term “about” geverally refers to g
range of numbers that nne wondd consider equivalent to the recited value (L., having

ihe same fnclion or resuliy I many isstanees, the term “shont”™ may incdnde

numbers that are rounded {0 the nearest significant figure

0261 Accordingly, undess indicated to the contrary, the numerical parameters set
forth iy the following specification and atiached claims sre approximations that may
vary depending npon the desired properties sought to be obfained by the present
invention, Al the very least, and not as an attenipt o limdt the application of the

doctrine of squivalents to the scope of the clains, esch numerical parameter should &t

P

sast be construed in Hght of the wmber of reported significant dighis and by applying

ordinary munding technigues.

H02T] Notwithstanding that the nunerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical valoes st forth inthe
specific examples are reported as precisely as possible. Any nwmerival value,
however, wherently contains cerlain ervors nocessartly resulting from the standard
deviation foamd in their reapective testing measurements. Moreover, all ranges
disclosed herein aw o be understood 1o encompass &l sub ranges subsumed therein
For exsmple, 8 range of

e 1 includes any and all suby ranges between {and

1
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inchuding) the mintmam value of 1 and the matimum value of 10, that i, apy and al
sub ranges having & minimun value of equal 1o or greater thas 1 and & masimum

value of equal to or fess than 10, e.g, 8310 1

[0028] Before deseribing the present invention in Rurther detad], 2 pumber of terms
will be defined. Use of these terms does not {imit the seope of the fnvention but only

tate the description of the invention,

"’ %

serve i fac

t " on

[O029] As used herein, the Singular Srms "a," "an,” and "the” include plural referents

unless the context clearly dictates othersise.

301 The term “blomolecude of interest”, as used herein, can be a desired target
snolecule such as, for oxample, g destred product or polypeptide of intevest {e.g., an
antibody ), or i can by an undesivable satity, which needs to be removed from
samiple ontaining the destred target molecule, Boch undesirable entities fonclude but
are not linted o, for example, one or more impurtiies selected from host eell protein,
DINA, RNA, protetn aggregates, vell calture additives, viruses, endotoxing, wheole
cells and celinlar debris. bn addition, the biomoleouls of interest may alse be bound
and precipiiated by a stimulus responsive polvmer or chemically treated (e, sold

troatmet) as deseribed heran,

FOU3 1] The term “captare step™, as wsed herein, generally refers to a method used for
binding 2 target molecule with a stimulus responsive polyoer or a chromatography
resisy, which results in g solid phase eontaining a precipitate of the target molorale and
the polvimer or resin. Typleally, the target nudecule s subseoguently recnvered using

an ehution siep, which removes the target moleeule from the solid phase, thereby

resulting i the separation of the twrget molecule fom pne oy more tapurities. o
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vartous embodiments, the capture step can be conducied using 8 chromatography
media, such as @ resiny, membrane or monolith, o a polyoser, such ag a stimules

responsive polymer, polvelectolvie of polymer which tands the target molveule.

D032 The tenm “eell coliure additive” as used heretn, refis to a molecule {eg., 2
nem-protein adidiiive), which i added to @ cell culture provess i order to facilitae o
inyprove the coll calture or fermentation provesa. In sonw embodiments aceording W
the present tovention, 8 stimulus responsive polymer, ax described herein, binds and
wrecipitatos one or mwore coll culture gdditives. Exemplary coll culture addinves

include anti-foars agemts, satibioties, dyes and nuinents,

{00331 As nsed herein the phease “eoll enlture” inclodes cells, cell debwis and

Ssrnsi

colloidal particles, biompleeule of fnterest, HUP, and DNA.

{00341 The teem “chromatography™, 85 used herein, refors 1o any kind of techique
which separates an analyte of nterest {e.g., a farget molecude) from other moleaules
present i a mixtore, Usuaily, the analyie of interest i3 separated from other
molecutes as a resalt of differences in rates at which the individual molecules of the
mixture migrate throogh o statiopary medium snder the influence of a moving phase,

or in bind and ehute progasses.

FOU3ST The tenms “chromatography resin® or “chromatography media”, are wed
wterchangeably heretn and refer o any kind of phase (e.g., 3 sohid phase) which
separstes an analyte of interest {e.g., & target molepyle) from other molecules present
i & mixture. Usually, the analyvie of iiterest is separated from other molecules as g
result of differences in rates al which the individual molecides of the mbdure mignue

through g stationary solid phase under the nfheence of & moving phase, or in bind and

13
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clute processes, Examples of various types of cleomatography media include, for
example, cation exchange resing, affiniy resing, anion exchange resing, suion

exchangs membranes, bvdrophobic intersction resios and fom exchange monoliths,

FO036] The term “clarification step™, as used herein, generally refers to one oy more
stops used nitlally n the purification of blomelecules. The clarification step generally
comprises reaseval of cells sndfor celtular delwis using one or more steps including
any of the following alone or varions conthinations thereoll e.g., contrifugation and
depth {iltration, precipitation, foceulation and seftling. In some embodiments, the
present invention provides an improvement over the conventional and clarification
step cormnondy wed In vartous purification schemes. Clarification step generally
imvobves the removal of pne or more undesirable enhities and is typioally performed
pricy o § step invalving capture of the destred target molecule. Another aspect of
clarification is the removal of soluble and insoluble components in ¢ sample which
may later on result in the fouling of & stertle {ilter in & purtfication process, thareby

making the overal] purification process mare cconomical,

{00371 {n some ombodiments, g purification process additionally soplovs one or
more “chroamatography steps™. Typically, these steps may be carried out, H neeessary,
after the separation of a target molecule from one or more undestred entilies using a

stimsutus responsive polymer aecording 1o the presam invention,

pmn,

FOU3ET The ferms “compesition”, “solution”, or “sanple” as used hevein, refir o a
miture of 1 targst molecule or a desired product © be purified using one or more
stimudog responsive polyvasers or chomically frested (e.g., ackd treatment) described
herein along with one or more undesirable cntities o npurities. In some

emnbodimenis, the sample comprises feedstock or cell culinre media indo which a

B
14
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target moltecule or & desived produet Is seerpted. In some ombodiments, the sample

comprises a wrget molecule {e.., 8 therapeutio profets or an antibody § along with one
or more fnapurities (2.g., host pell proteing, DA, RNA, lipids, cell culivre additves,
cells and colinlar debris), In some embodimenss, the sample comprises a target

molecule of interest which 13 asereted im0 the cell cnlige maedis,

F0397 The terms “Chinese hamster ovary cell protein” and "CHOP™ as used
interchangsably herein, rofer to a mixtwre of host coll proteins (PHCP™Y derived from

a Chinese hamster ovary CUHO cell culture. The HOP or CHOP is generally

prosent as an inpurlty in g cell culture medium or hysate {2,g. & harvested cell culture

Huid containing a profein or polypeptide of interest {o.g., an antibody or
inpnnmnoadhesin expressed m a CHO celll. Genernlly, the amount of CHOP present in

a puixture comprising a protein of rterest provides a measure of the degree of purily
for the protein of interest. Typacaltly, the smoeum of CHOP i3 2 protein sk is
expressed in parts per mithion relative to the amoant of the protem of inderest i the

mixture,

& pe

{00407 The terms “contaminant”, “tmpority”, ad “debris™, are wsed interchangeably
heretn, refer to any forelgn or oljectionstde matertgd, including a Mological
macrornclecale such g5 a DNG, an RMA, ong or mcre host cell protetns (HUPs or
CHOPs), endofoxing, vicuses, Hpids and one or more additives which may be present
in a sample confaining a protein or polypeptide of erest {e.g., an antibody) being
separated from ong or more of the foreign or objectionable molecules using a stinwlus
responsive polymer svcording to the prosent invention. In some embodiments, a
stimaius responsive polymer deseribed heredn binds and precipitates a protety of

polvpeptide of isrest fom a sample containing the protein or pelypeptide of interest
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and one ar more mpwities. In other embodiments, o stumulus responstve polywer
desoribed herein binds and procipitates one or more wmpurities, thereby to separaie the
pobypeptide or protein of imterest from one or wove fmpurities

P04 Tt s undersiood that whers the host el Is another mammalian cell type, sn B
coll, 8 veast cell, an inscot cell, or a plant cell, HOP rofers 1o the proteins, other thay

target preteing, found in g Tysate of the bost eeth

{0042} As used herein the term "depth filter” {o.g., gradient-denstty depth filter)
gohieves {ilirgtion within the depth ofthe filter material. A common class of such
filters is those that compeise a random muatrix of Bbery bonded {or otherwise fixed), to
form a complex, tortuous mare of flow chanvels. Particle separation in these filters
generally results from entrapracnt by or sdeorption o, the fiber matris, The most
frequently used depth fler media for Moprocessing of cell culture broths and other
feedstocks vormisty of cefhulose fibers, » filter ald such as DR, and @ positively
charged resin binder. Depthy filter media, unliks absolute filiers, relain particles
throughout the porous media altowing for reteation of particles both larger and
smaller than the pore size, Particle retention is thooght 1o invelve both size axclusion
and adsorption through hydrophobie, tnnie and other interactions. The fonling
mechanism naay include pore blockage, cake formation andfor pore constriction,
Depth Hlters are advantageous because they remove contamingns and also come in

disposable formats thereby elimivating the validation iasues,

{00431 As used herein the term “extractable{s)” refers 10 contaminants that in the
presence of appropriate solvents can potentially wrigrate or be exirgoted from plastic

and polymer eomponnds such ag those materials nsed to rake Blior medin o

vy

membranes, {ilter housing media or menbrane support layer, an o-ring, or @y other

s
i3k
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nolvineris companem of the filter o & Mopharmacenticad or pharmaceutical

formuiation and the like.

(Y

{0044 ] The term “extraction solvent”, as used heredn, gonerally refers 1 a liquid
substanee with exvellant cloaning properties. Thedr increased solvency, bow sarface
tension, non-flammability and stability make U ideal for vapor degreasing
applications. They are intended for mediunt to hegvy-duty eleaning of soils such as
olls, greases and waxes. Sobvents include HFE-TIDE, HFE-T2DE, HCOFC- 141,
Vertrel MOA, or Verrel MCA+Y are sl solvents for hydrocarbon and fhaorocarbon
greases and oils; the solvents also swell most elastomers. The Ingh sobvency and kow

foxicity make them an ideal replaceniot for orone-depleting compeands, chloruated

solvents, and s-propyl bremide.

JO045] The term “floccudation” as used heretn, refors o the addition of g flocculant,
such a5 a polyiner or chenueally reated {(e.g.. scid treatment} described herein, o g
solation in order to remove one of more suspended insohuble or soluble inmpurities.
The polymer must be added to the solation at @ concentration which allows for
sportanenus formation of insolulde aggregates which can by removed from solution

via typical sulid-higuid separation methods.

{00461 The terms “isolating”, “porifying”, and “separating” are used intorchangeshly
heretn, i1t the context of purifving a target molecule {e.g., a polypeptide or protein of
interest) from g compastiion or sample comprising the target molocule and one oy
more npurities, wing & sthmudus responsive polyier deseribed berein, In some
smbodiments, the degree of purity of the farget molecule n a sample 18 nereased by
repoving {completely or partially ) one oy more impurities from the sanple by using a
stimndas responsive podvimer, ax deseribed hereln, In spother crabodiment, the degree

Ay
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of purity of the target molecule i o sample i inoreased by precipiiating the target
molecule away frons one or mere bupurities in the sample.
FO047] As ased hereln the phirass “low or lower grgamic extraciable madia™ refers 10

media that when extracted with organic solvenis resalts in the removal of extraciables

that can migrate from a material nto 8 sobvent fneluding water under exaggerated

conditions of time and wowmperatare,

FOO48Y The teray “moenoctong! antibody™ as nsed heveln refirs to an antibody obtained
from & populstion of subsiantially homogeneous antibodizs, e, the individual
antibodies comprising the population are idontical exeeg for possible naturally

OCC x::m y pratations that By be Rt ¥ i1 FHIROT SICUS,

(D049 The tenm “parts per millton” or “pmn™ mre wsed interchangeably berein, and
refor {o a measure of purity of a desired target molecule {e.g.. @ targst prolom o
antibody) purified using a stimmlus responsive polymer described heven,

Aecordingly, this measure can be used either o gauge the smount of & targe molecnle
present after the purification process or to gauge the amount of an undesired entity. In
some embodiments, the umis “ppm’” are used berein to refir to the mnount of an
tprity 1 a selution, e.g., HOP or CHOE, in nanograms/mitiliter of protein of
ierest i milhgrams/miltiliter (e, CHOP pposs{CHOP ngfmBy{protein of interest
wg/ml). When the proteins ave diled {e.g., by yophilization), ppam refers o (CHOP

ng¥{protein of interest mgdh

2

{D030] The wrms “pb™ or “isoclotiric poim™ of 4 polypeptide, as used nterchangeably
herein, vefer to the pH at which the polypeptide’s positive charge halances #1s negative

charge. plcan be caloudated from the net charge of the amine acid residues or sialie

)
R4
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aeid residues of attached carbohydrates of the polypeptide or can be determined hy

soelechrie foousing.

[0031] The terms “precipitale”, procipitating™ ov “precipitation” as used herein, refer

to the alteration of a bound (e, in a complex with & bMomolecule of Interest) or

non-aquecys and/or nsoluble sfate.

0521 As used herein the terns “pore size” and “nonunal powe stze™ refer to the pore

size which retains the mgjority of the particnlate at 60.98% of the rated pore siee.

bornrd

{00331 As used horety interchangeably, the terms “polypeptide™ or “protein™,
generally refer to peptides and profeins having more than shout 0 amine acids, In
semie enbodirments, & stimuhs reaponsive polymer deseribed heretn is ased ©
separate @ protein or polyvpeptids fom one or more undesirshle ontities present fna
sample slopg with the protein or polypeptide. In some embodiments, the one or wmore
entitivs &re one or wwre unpurities which may be present in g sample slong with the
protein or polvpeptide being purified. As discussed, above, 1o some embodiments, a
stimulng resporsive pobymer desoribed herein specificadly binds and provipilates o
profein or polypeptide of interest upon the additton of & stimudus o the sample, In
other embodiments, a stinmlus responsive polymer deseribed herein binds to and
precipitates an entity other than the protein or polypeptide of nterest such as, foy
gxwnple, host ool protedns, DNA, viruses, whole cells, colludar debris and cell culture

additives, epon the addition of a stimulas.

{10341 Ax used heren the phrase “priveary claritfication depth filter” refers to a filler

which is ghie to remave whole cells and cell debwis thus acconmplishing the primary
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clarification of a food comtaining # farget biomeoelecnle of fntevest and a plusality of
cetludar debris and colloidal particulates withont the use of a primary clarification

contrifugation step or a primary clarification tangential flow microftitration step,

IR

[O0S3) The terms “protein of tnterest™, “target polypeptide™, “polypeptide of interest”
sud “target protein,” are ased interchangeably horein, and generally relerto a
therapeotic protein or polvpeptide, tnchading but mi Hinited to, an antibody purified

using 8 stimubus responsive polymer according 1o the prosent invention,

L

[OG56] In some embodiments, a “purification step™ 1o isolate, soparate or purify a

podypeptide or prodein of interest using a stimudus responsive polymer deseribed

herein, may be part of an overall purification process resnlting in a “homogeneous”™ or
“pure” compesition or sample, which term is used herein to refer o 2 composition or

sample comprising less than 10D pp HOP ip 2 conposition comprising the protein of

nterest, alternatively leas than 90 pom, loss than 80 ppan, less than 70 ppm, less than
60 ppm, less than 33 ppr, less than 40 ppem, Jess than 30 ppa, less than 20 ppm, ess

than 18 ppm, less than § prm, or less than 3 ppm of HOPL Ax nsed herein Sprimary
clarification” inchudes the remeval of aggregated cellular biomass, including

focenlated celtular debris snd colloidal particulutes with a size larger than about 10

nicrons (pm} o smaller particles with the use of 8 flovculating sgent.

{O0ST] The toran Vsalt”™, ae used hevein, refors to a compoand formed by e
interaction of g acid and a base, Varlous sults which may be wsed in varicus butfer
emaploved i the methods deseribed herein fnctude, but are pot Hnfted 1o, acelate (e.3.
sodium aoetaie), ciirate (o.g., sadiuny citrate), ohdonide {e.g., sodium chlonde),
stdphate {o.g. sodiom sulphate), ¢ 8 polassiom salt. The tenm “solvent”, a3

used herein, generally refers 10 o Bauld substanee capable of dissobeing or dispersing

& \}
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one of move other substances to provide a solntion. Selvents include agueous and
organic sobvents, where usefid organie selvents include & non~-polar solvent, elthanol,
methanol, isopropanad, scetonitrile, hexyviene glyeol, propylens plyeol, and 3.2+

thiodiglye

{GO3R] The terms “target molepule”, “target bomoleoule”, “desired target moleculy”
and “desired target biomolecude,” are wsed interchangeably hivetn, and genevally refer

<

to a pobypeptide or prodact of interest, which is desired 1o b purified or separated

1

from one or move andesirable entities, ¢.g., one or more impurities, which may be

present i a sample containing the polypeptide or product of interest,

{00397 As nsed herein the term “throughput” means the volome Bltered tirough a

filtsy

{0080 In the present Invention, the wse of open graded lovers allows the larger
particies © penetrate and become captared within the depth of the filters, rather than

collecting on the surfies.

{00611 The advantage is bigher throughpat, and rotention of farge solids (sbont 8.3
micrans o about 200 microns) while clinvinating the problem of cake foroation. The
use of open pores 1 the primary clarification filters provides these depth filters with
the lincar incrogse iy prossure with the solid retention with no significant increase in
the pressure and hence resulting fu high throughpusa, The stroetursl dimension of the

filter in combination with the optimization of layvers {pore sizes and thicknoss) gives

pd

;;_,

excortional filtration properties which can retain high amount of solids,

FO0R2T In the present invention, the use of opers graded layers allows the lavger

a3

-

focculaied particles in the foud stream o ponetrate into the depth of the filter, and

)
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become caplured within the pores of the fiher rather than collect on the surface. The
primary clarification depth filter provided herein s arranged sueh that the “open™ p
faver(s) constitute the prefiltration zone of the depth filters i order ¥ capture larger
floceulated particles, while the bottom laver{s) constitute the pelishing zone which

captiges the smaller residuad sggregsted Socoulated particles,

0631 The primnary clarification depth filter having this type of arrangement is
exhibits advantages such as (1) higher throuphput, {8} the retention of larger
floceulated solids; and (i1} the elimination of the problem of cake formanon. The wse
of such open pores in the primary clarification filter tenght herein provides a linear
increase i pressure with the solids retention, with no significant inerease i the

pressare, rosutting in higher, more desirable throughpuds,

H64] Examples of priveaey clartfication depih fillers aceording to the invention ars
depicted 1 Figures 1A, 1B, 1O 1D, 18 and IF, whersin Figures 1A, 10 and 1E
depict privaaey clarification dopth filters having at least 7 or 8 layers, and are nsed
when the cedlculture foeds are ireated with a polver HBocoulant {e.g., smart polymer

or traditional Socculant).

100651 Fig 18, Hyand 1F depict primary clarification depth filters having ot least
7 fayers, and are used when the celb-cudture feads are treated with a chemically troated

foeds {e.g., acid treatment ).

(

{066] The primary clarification depth filter depicied in Figure 1A shows a primany

=

»‘»

clarification depth filier ased when the cell-culiurs foods ave treated with a polvimer
flocculant (e.g., smart polymer) having two {nppor) layers with g nominal pore size of

aboart VHE miovons of 8 non woven such as polvpropylene abowt 04 gro thiek, haviag
about 100 micvoms of 8 son woven such as polvpropviene about 0.4 omthiek, 2

N
$F
Aewle
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two mors lavers with a nominad peve size of abond 30 microns of @ pon woven suach as
polypropylene about 8.4 cm thick, having two additional layers with g nominal pore
size of ghout 25 microns of & non woven such & pelypropylens about 0.4 om thiek,
followed by @ single fayer about 0.35 om thick of & material such as celinlose (CHI3)
for example, sud another single layer about 8,35 cmy thick of & material such as

dintomacsous earth (E40} for example.

FOG6T] The priveery clarification depth filtor depivted In Frgwre 1B shows a primary
clarifivation depth filter used when the vell-calture feeds are chemically weated {e.2.,
acid tromiment) having two {uppoer) favers with g nominal pore size of about 28
microns of a non woven such a3 polypropylens about 1.4 e thick, having v mwre
fayers with a nominal pore size of atwout 10 mucrons of & non woven such as
podypropylene ghomt 8.4 omthick, having two additional layers with g nominal pore
size of about § microns of & non woven such s polypropylene sbout .4 om thick,
followed by a single layer abont 833 om thivk of 2 materiad such as cellnlose (CE2S)

1.

fer example, and fllowed by another single of faver about 0.38 um thick of & material
such ax digtomaceous earth {1E40} for example. Bither the cellulose or distomaceous

earth layer can be seloctod as the lowsst {bottom) layer.

{0068} The primary charification depth filter depitied in Figure 1 shows g primary
clarification depth filter used whey the cell-culture feeds are treated with a polymer
flocoulant {o.g., smart polymer) having two {apper) Iavers with a nominal pore size of
about 100 miicrons comprising & now woven such as polyvpropylene about 8.4 om

thick, having two moee havers with 8 nonsinal pore size of about 100 microns of @ non

woven such s potypropylene aboos 8.4 om thick, having two additional layers witha

nomingal pore size of ghout 100 microns compsing ) e woven such as

R
&2
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vobvpropylene about 0.4 om thick, followed by a single layer (hottom) abont 8

microns thick of @ noen woven such as polypropylens about 8.2 om thiek.

(069] The primary clarification dopth {ther depioted o Figure 11 shows a primasy

s,

chaification depth filter used when the cell-culture feeds are chomically neated {o.g.,
actd trestment) having two {upper) favers with a nomingl pove stve of about 50
microres comprising 8 non woven such s pelypropylene about 1.4 em thick, having
two additional lavers with a sominal pore st of about 25 microns of @ non woven
such as polypropvlone abowt 0.4 om thuek, having two more Tayvers with @ nominal
pore size of about 10 microns of 2 non woven sueh as polypropylens about 8.4 om
thick, followed by g stngle laver ghouwt 835 om thick of & material such as eellulose
{CE25} for example, and followed by another single of layer abooy 033 om thick ol a

material such ay diatomaceous garth (DE4D) for example. Either the cellulose or

distomaceous earth fayer can be selected ua the lowest (bottom) layer.

3

{00707 The primary olarification depth filter depicted fn Figure 1E shows g primary

clartfivation depth filter used when the celbculinre feeds are treated with 8 polymer
floconiamt {o.g., smart polymer) having two (vpper) kovers with a nomind pore sivg of
about T microns cowprising 2 non woven such aa polypropylens about 8.4 am
thick, having two more lavers with a nominal pore size of abowt 30 microns of a non
woven such ax polypropylene about 14 o thick, haviag two additional layers with a
nominal pore sive of about 25 nucrons comprising & non woven such as

polypropyione about 0.4 om thick, followed by & laver about 035 co thick of &

material such as cellulose (CR2ES) for example, and follerwed by another single of

-

fayer about 035 po thick of a material such as distomacenus carth (DA for

gxanpe,
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{0071 The promary olarification depth filter depicted in Flgore 1F shows a primary
clarification depth flter used when the coll-eulture foads wre chemically treated (2.8,
aoid freatment ) having bao {upperd layers with a nominal pore stze of about 35
microns comprising s now woven such as polypropylene about 0.4 em thick, having
two more fayvers with a nominal pore size of bt 13 microns of a non woven such as
polypropvienc ghont ¢4 om thick, having two additionsd lavers with a nominal pore
sive of about 18 microns comprising g non woven suach as polypropylene abouwt 004 cm

oy %

thick, followed by a single laver about §.33 om thick of & material such as cellulose

&

(CE25) for example, and followed by another single of layer 035 om thick of 8
materid such as distomaceous earth (DEAD) for exauple. Either the cellulose or

dintomaceous earth layer can be selecied as the fowest {hotiom) layer,

00727 The efficiency parpmeter K, is usod herein to deseribe the filter officieney

while normalizing for the solid content of a particalarly feedstock. The parameter K

altows for {ilteation of foeds with differant solids content 1o be effectively compared.

00731 The following examples are provided 50 88 to provide those of axdinary skill
in the art with a complets disclosure and deseription of Bow o make the compositions
of the invention and how 1o practice the methods of the Invention and are not intended
fo timit the scope of what the inventor regards as his invention. Etforts have been
made to nsure accurady with respect 1 mahers wsed {e.g. amonnts, temperaiae,
ofe}, but some experimental errors and deviation should be accounisd for. Unless
indicated otherwise, temperature is in degrees €., chemivs! roactions were performed

ai pimosphienic pressure or ransmembrane pressure, a8 indicated, the tean Sambient

temperaturg” relers o approximately 23% O and “ambdent pressure” refers to
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atmospheric prossure. The invention will be further clarified by the following

examples which are intended 1o be exemplary of the ivvention,
EXAMPLES
{0074} Example 1

FO073] Flgure 2 depicts flushing curves for prisary olarification fillers with non-

extracted media &t a working flew rate of 600 Hers'm ™,

[O076] In a represeniative exporiment, depth filter conyprising of graded layers of

nonewoven fibers, cellalose, and damatoceous earth (DEY or non-woven fibers was

e

flushed for approximately 100 Lan® at o How mie of 600 Heers/m™he, The flushing
curves for the depth filier comprising of graded layers of noa-woven fibers, cellulose,
and dismtoveous earth {APC and BPOY have a TOC of approxinsately §-10 ppm
wheress depth Gltor comprising of graded layers of non-woven fibers (CPCi has s
TOC of approximately 4 ppan g3 shown i Plgare 1 The TOC {ppm) of the control

depth filter {DOHCY i3 between 123 ppms for a flush vohme of approximately 100

{0077 bxample 2.

[O078] Fignre 3 depicts flushing curves for multiple embodiments of the primary
clarification flters with extracted media at & worlang How rate of 600 lites s/ /hy

according to the invention,

00791 In g reprosentative experiment, depth fhers of gaded layers of extracted non-

Nl

wovers fibers, cellulose, sud duamatoceons surth or exiractied non-woven {ibars wore

e

flushed for approximately 100 Lan® at a Sow rate of 800 Hiers'ny' e, The rolis of
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none woven filter media {1237 in diameter and 167 i width) are extracted with
hvdroforecarbon solvent {HFE-72E) from 3M in the TS extractor for o spraving
time of 1200 min ond doving e of 1500 min, The flushing cusves for the depth
filter comprising of graded lavers of non-woven fibers, cellulose, and diamatoveous
earth {APC and BPC ) bave s TOC of gpproximatedy 123 ppm for a flush volume of
approximately 100 Lim’ whereas depth filter comprising of graded fayers of non-
woven fibers ({CPCY has a TOC of fesser than 1 ppm for ne fash volame, The T
{ppm of the control depth flter {DEHC) is bevween 143 ppm for 3 Hush volume of
approximately 100 Lim®. BEven though APC snd BPC depth filiers with exiracted
non-woven media have roughly the same flush vohume of 100 Lim® as DOHC 1o reach
the target the TQC of 1-3 ppmy; the column volne of APC and BRC i double than
DOHC which suggests that the Hushing volume 1s reduced by hall which can
stgrificantly reducs the flushing for the overall process with the higher throughput of

the primary clarification depth filiers,
{O0B0] Example 1

{008 1] Figure 4 depicts flushing depicts curves for multiple embediments of the
prionary clarification filters with extracted media at & working flow rate of 100

Hters/m e aceornding to the invention.

082 In & representative experiment, depth 8Her comprising of graded layers of
gxtracied non-woven fibers, celldose, and dismatoveous sarth or extracted non-
woven fihers wak flushed for approximately 100 Lim” at a Sow rate of 600

Hers'm e, The rolls of non-woven flter media (12.57 i dlameter and 167 in width)

are extrscted with hyvdroflorocarbon sobveat (BFESTZEY from 3M inthe TRC

exiractor for @ spraving time of 1200 nain and drving e of 15300 win, The flushing

bed

.
e}

s
H
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cupves for the depth filter comprising of graded lavers of nenewoven Bbers, ocllutoss,
awd diamateceous éarth {APC and BPO) bave & TOU of approximately 13 ppm fora
flush volume of approxinately 90 Lan® whereas depth filter comprising of graded
lavers of norswoven fibers (OO has a TOC of fesser than | ppm for no Hush
volume. The desired fevels of TOC (ppmi of the depth filiers are bevween 1-3 ppan for

a fhash volume of approximately 100 L i

{00831 BExample 4,

JO0B4] Static soaking experiment for the extracted and non-extracied non-woven

fibers,

{DORS] ty a representative experiment, disks of non- woven filler media are extracted
with hvdroflerocarbon sebeent (Verirel MCAS from Dupont and HFEST2E from 3MY
for g seaking Hme of 1 min and drving time of 1 bowr at 80 °C. The extracied and non-
extracated hon-woven disky of 23 em” were soaked i 30 ml MIH-C water for 1 howr
andd analtyzed for total organie extractables (TOC) The TOC was lesser than | ppm
for all the extracted samples, however the TOC s was higher for all the non-woven

extracted samples, Table 1 compares the total organic extractables (TOU) of extracted

and non extracted non woven fikers,
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{00861 Table 1; Comparison of the total organic extractabdes {TOC) for extracted and

non-extracted media

Material of Meosminal Pore Extraction Solv Vni TOC
Construstion Ratings ‘
{ e}
{ums}
Polypropylente ALY None 3
"""" Polvpropylene 200 <}
Folypropylen 2080 <
Polypropylone i g
Polypropyiens 36 <1
Polvpropyiese 34 <
Polypropyiens 3 None 4
Polypropylene ) YVertrel MCAS <
Polvpropylene s i HFE-T2E 3 S

{OORT] Example S

QUSR] Filtmbion performance of depth filters romoval of sggrepated and spaall

Lt

Bromolecnle particulates with extracted snd non-extracted media,

(O08Y] APC fiher devices Trom Examples 142 were tested for filtration performanee
sing the fellowing methed. The unelarified coll culture harvest was treated with 1M
glavial geetie aotd to adiust the pH o 4.8 snd stiveed for 30 minutes. Dopth filtors were
run with untreated and acid {reated unclarified feed afler Hushing out with the Milh-Q
water with the TMP across sach filter montiored by pressure transducers, The depth

filtors were first fhashed with > aboat 50 L of Mill-Q water for sach squaare mster of

-

filter aree ot 600 Limh to wet the filter media and Sush o extractabdes. Unireated

and acid preciptiated onclarified harvest was loaded at 100 Lin fhountit the TMP
across any one flter resched 20 psig,
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10090} Table I compares the filter troughput of Mitlistak™ filter (DOHC) with

extracted snd non-exiracted primary clasification deptl flier for the acid tregted feed.

{0091} Table

2 Comparisen of the Primary Clarification (APC) Depth Filter for the

filiration throughput for acid freated foed (pH = 4.8) with extracted and nos-extracted
media
Feed | Treatment | Fiter Type | pH | POV | Turbidity TP TP K
| B8 L OONTLY A’y VYV %)
CCHO- | Umreated | DOHC | 69 | 3.8 G0 100 ERR &
CHO- Acid L APC (Non- | 48 | 3.9 i 245 I8 gt
X froated extracted)
CHO- | Acid APC 4R D 39 3 250 I it
8 trosted | {(Bxtracted}

{00927 Example &

(e

biomolecule

[0094]

UPC fler dovices from F

31 Filtration porformance of depth filters removal of

xamples 1-2

agg

regated and small

particalates with extracted and non-extracted nedia,

were tested for filiration performancs

wsing the following method, The depth filters were run with untreated and Sm¥P

treated unclarified Feed after flushing out with the MER-) water with the TMP acvoss

each filter monitored by pressure transducers, The unclanified cell «

culture harvest was

treated with 0.2 wit smart polvmer (SmP) dose (s %) and stivred for 13 minutes.

The depth §

Hiers were fip

st Hushed with = abowt 301

b of Milli-(3 water for cach squarg

meter of filter area at 500 Livrh to wet the filter media and fhush out extraciables.

Untreas

TAP aoross any one

GHer reache

20 p\\

34

']

od angd SmP treated unclarified harvest were loaded at 100 La
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FO093T Table 3 compares the fter throughput of Millistak™ filters (DEHC) with

extracted and nom-extracted Frimary clarification depth filier for the hitration of the

-

feed described tn Exanple 30002 %% {w/v) st polymer {SmP) treated feed),

00967 Table 31 Comparison of the Primary Clarification {CPC) Depth Filter

desoribed in Bxample 1-2 for the Dluation throughput of SMP treated feed with 0.2 %

{wiv).
Feed | Treatment | Filter | Dose POV Turbidity P EEAEEE N
fype {%ud .
{%4) (NTLY Dy | VY (%
3 fwiv) Yind 3
j{f}-{{}» Untreated | DOHC DA 3.8 a0 160 T
8
{CHO- SMP CPre 8.2 4.0 3 260 I
X treated {Mon-~
eRiracty
)
CHOG- SAMP {PC 8.2 4.4 2 275 20 BG
S trested {Extract
o}

{0057 The disclosure set forth above may encompass muitiple distined inventions
withy independent wtility, Although each of these inventions has been disclosed in His

preferred formis), the specific embodiments thereof as disclosed and Hustrated hereln

o
oy
%
s

it be considered i a Hnnting sense, because mumerows variations are possible.
The subject matter of the Inventions includes all novel and nonebvions combinations
and subcormbinations of the various clements, featwes, fanctions, andfor properties
disclosed herein. The following clatms particulanly point st certain combinations
and subcombinations regarded as novel anad nonobvious, Ivventions snabodied in

pther combanatinns and ssbeombimtions of features, fanctions, elements, andior
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properties may be chdmed in applications claiming prioeity from this or a related
application. Such cldms, whether directed to 8 different tvvention or {o the same
tnvention, and whether broader, narrower, equal, or different in scope o the oniginal
olaims, also gre regarded as included within the sobiect matter of the nventions of the

present disclosure,

32
A
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WHAT IS CLAIMED IS

i, A provess for reducing organte extractables released from a primary
clarification depth filtration media such that the level of total organic extractables
measured in a feed fltered trough the media after flushing s about 1.3 ppm, the

DroCess comprising:
a) providing a depth Blation device haying & porous depth Blter media;
by exiracting from the media with organic sobvents; and

¢} Hushing the media st How males ranging from ghout 1 Bres m i o abont
GO0 Hres/m/hr such that the level of total organic extractables measured wa feed

stock filered throngh the media after fushing is abowt 1-3 ppm.

2, The process of claim I, wherein the depth filter comprises at least T praded

ayers of nop~waven fibers,

3. The process of claim 1, wherein the extraction selvent is selected from the
consisting of HFE-T2DE, HFE-TIOE, HORC-141h, Vertre! MOUA, or Vertrel MUAS,

all solvents for hvdrocarbon and Suorocarbon greasey wnd oils,

=

4. The provess of claim 1, wherein the depth Blter comprises at least 3 graded layens

of non~-woven fibers.

3. the proeess of claim 4. wherein the graded lavers have a total thivkoess of abow

8.3 ooy o gbouwt 3 ¢,
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&, The process of claim 1, whereln the cellular debris and the colloidal particulatey

have g particle size distribution from about 4.5 g o about 200 pm, and a mean

particle size greater than about 1 pm

7. The process of claim 2, wherein the depth filier media comprises a composite of
pragted layers of non~woven fibers, cellulose, and damatoceous earth having an open

nosminad pore size rating sufficien to filter the chemically fineculated feedstock,

8. The process of claim 1, whereln the target blomolecale of interest inchudes

monoclonal antitbodies (mAts), polvelonal antibodies, and biotherapeuties.

9, The provess of claim 1, wherein the chemical floccalant 15 & polymer or an
acid.

Hi The process of claim 1, wherein the chomical flocculant i & smart polyimer,
P, The process of claim 10, wherein the smant polyimer s 8 modified polvamine,
12, The process of vlaim ¥, wherein the acid is acetic actid,

13 The process of eolaim 4, wherein the ne-woven fibers comprise

polypropylene, polvethyiene, polyester, or nylon.

ks

14, A primary clanification depth filiration process wing a primegy clarification
depth filtration device containing g porous media baving a lower level of organic

extractables released from the media sfter Sushing, the provess comprising

a) woviding a primary clanfication depth filration device having a poreus depth

fiter meding

P
i
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by exdracting from the media with organic sohventsy

¢) flashing the medis mt How rates ranging from about 10 Hoes/m e to sbout 600

{tresiad thr

di resulting in a lower organic extraciable media such that the level of total organic

extraciables measured in a foed slock filtercd through the media ts about -3 pyag and

X

2y runming a feed stock through the medin,

1S, The process of claim 14, wherehy the depth filier comprises at least 2 graded

favers of non-woven fibers.

i The provess of elaim 14, whereln the extraction solvent s selected from the
copsisting of HFRT2DEHER-TIDE, HOFC-141h, Vertrel MUA, or Vertrel MCAS,

all solvents for bydrocarbon snd Hluorocarbon greases and oils.

17 The process of claim 14, wherein the depmb filter comprises at least 3 graded

Tovers of non-woven fibers.

o

18, The process of claim 17, wherein the graded lavers have 8 total thickness of

py

about 4.3 omio about 3 om,

i, The process of claim 14, wherein the veblular debris and the colloidal
particndstes have a particle sizs distrtbution frons about 8.5 pm fo about 200 pm, and &

mesn particle size grester than aboot 18 wm.

24 The provess of clainy 15, whereln the depth filter media comprises g
composite of graded layers of non-woven fibers, cellulose, and diamatoceons carth

To¥
(o4
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having an open pemsingl pore size rating sufficent o filter the chemically Hocoulnied

feedstock,

et biomolenule of interest inchades

21, The process of olaim 14, wherein the w

monocinad antibodies (mAbs), polvelonal antibodies, and binthevapeutics.

23 The provess of vlaim 14, wherein the chemieal Hoceonlant is o polyoier or an

acid.

23 The provess of eiain 14, whersin the chennieal Hocoulant is 2 smarnt polymer.
24, The process of claim 33, wheretn the swaet polymer is 2 modified polvaming,

3
LAy

The process of claim 22, wherein the ackd is acetic aaid,

26, The process of claim 14, wherain the non-woven fihers comprise

polvpropylene, polyethylene, polyester, or nylon,

4,3
o



