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LOW ORGANIC EXTRACTABLE DEPTH FILTER MEDIA PROCESSED
WITH SOLVENT EXTRACTION METHOD

RELATED APPLICATIHONS

[OGG1] The present patent application chaims the bavedit of priority of US provisional
patent application no. 61656263, filed June 06, 2012 and US provisioual patent
application no. §1/664,999, {filed June 37, 2012, the entire contents of which are

ncorporated by reference m their entivedy.

DESURIFTION OF THE INVENTION

Freld of the Invention

{00021 In general, the present tnvention weiates to lower organie extraciable media
used in the primary clarification of celt culivre feeds. In cortain specific
embodiments, the invention provides a primary clarification depth flration process of
cell-culiure foeds and the hike, which utilizes a primary clarification depth {iliration
device containing a porous modis with significantly lower (Qushing reguiremends
resulting in lower lovels of orgaaic extractaldes roloased from the media after

fushing, as wall as having an increased throughput for the pre-treated feed streams,
without the use of & primary clarification contrifugation step or primary clarification

tngential Bow microfiiration step,

Hackground of the Invention

0003 ] Manufacturing pharmacentival-grade hlomelecules, inclading proteios such as
manocional antibodios (mAbS) s 2 complex manufacturing process comprised of

watiple filtration, contrifugation, and chromatography technigues designed to
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roduce high quality products for patients. The clarification of cell cudture harvests
and high-solids feedstocks can be a daunting task due o the large volumes of harvest
from modern production baich bloreactors (235,000 L) and high cell denaities that
often require primary, as wedl as secondary clarification prior o the subsequent
chromatography operations, And as such, harvest and clarification schomes for the
production processes of cell pubture havvests and high-solids feadstocks, such as

manmalian colls and mabs, sre the product of much evolutinn and evalnation carrted

eait over the last 20 voars or so.

00047 Harvest webidques for manuadian coll culture and mAbs are now rontinely
expectod 1o oporate with Mgh vields (953%) and minimal cell disroption. As produset
molecnle titers have increased, the higher coll mass and larger amouts of produet
create chatlenges for the downstream porification steps, Higher cell densitios vesull in
difficuities during clarification and sterile fitration. Higher produst congentrations
generally resnlt in inoreased impuarity foad and the need for larger chromatography

installations. As such, inprovements in the form of gaing tn efficlency and throughpuwt

are greatly sought after,

\

{O005] Primary clarification of feeds, feedstreams, foedsioeks, vell culture broths and

the Hke, including high solids feeds, such ax those comaining mAbs and mavmmalian

cell culture feedstocks, remove lerge amounts of Momass, particolarly whoele cells and
other larger collular debyis, followsd by secondary clarification which removes

smatler colloidal particulates and other particles tha tmpair the capacity of

¥

downstreant {iers, Centrifugation is typically the primary clarification swep in the

N

production processes of mAbs and mammalian cell culture broths and feadstocks.

FH0D6] mAL manufacturers hove invested 8 great deal of thne wnd effort increasing

>

£
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the product ther of & fedstock, However, while igher thers uierease cell culture

pesen)

productivity, i alse produces Redstocks with keger amounts of biomass amd cel
debris content. Feeds containing such larger amounts of blomass and celt debris can
produce high turbidity ventrates after contrifgation. High turbidity centrates often

recucs the throughput of the secondary clarification depth Hiter and the subsequent

stertle filter used downstream of the contrifuge. The reduced thronghput canses &

range of problems from mcreased process cost 1o deviations in process provedures doe

s phugping of {ilters and long processing delays. Finglly, the need for primary

clarification using a ventrifige requires extensive, validated Cleaning provedures

between rung {o attempt to reduce the risk of cross contamnation betwesn batehes

and therapentic molecolar species.

{0007] This s particudarly problematic at pilot or clindeal scale botherapeutic
production where i is desirable (o provesy multiple products in a relatively short time,
The comrifuge cleaning procedures slow down the pilot plant’s ability to change over

RACEY ¥

to the production of a difforent biomolecule, and grestly increase the rigk of cross

remove all particnlates and celtular debris from these feedstocks in the primary

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

filtration afier the centrifugation step, but prioe fo the subhsequent chromatographic
steps.

[O00RT Alternstively, successive filteation runs have proven uselhud in removing
differentesized coll and collnlar debris from feedsiooks, but rpically the volametric
throughpuds Hmit the application o smaller volumes (<T000L) wheve the filter

e use of Hiiraton greatly roduees the risk of cross

P

mwtaliation has a reasonable size. T
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contarination and shiminates the aeed for closning and cleaning vahidation between
vins due the dispossble nature of Hloation devices. Unfortunatedy, the fow throughput
requires a large mumber of flter units which can reduce fltration vields hecause each
successive step results in the loss of 8 portion of the Teed selution through boldwap

volumes of the filer devies and sguipment.

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

dosvnstream filtration operations, the Pocoulation of @ vell culture harvests have been
used, Flecoulums precipitate colls, coll debris angd profetns because of the inleracton
between the charges on the proteins and charges on the polvmer (e
polvelectrolytes), creating ioluble complexes, and subsequent brdging of msoluble

3,

comnploxes either by restdus! charge interaction or through hydraphobic patches en

the complexey to form larger clusters, I onder to remove these large clusters, 8
centrifuging step or ngential flow microfiltration is the primary mode of

{

clarification {ollowed by the secondary elarification step whereby depth filimticn s
widely nsed in the clsrification of vell culture broth prioy 1o the caplure
chromatography step, Since contrifugation cannot deliver g particle-free contonte,
depth filter (secondary depth Hlration) and sterife Hher need 1o be a!i\idiix’\ifli“iw‘

downstresm,

{0010 Tangential How microliliration {(also called cross-flow microfiltratinn}
sompetes with contrifugation for the harvest and clarifivation of mAbs and therapeutic
wadacts from swanmalian cell cubture, Ope advantage s tochnique offers 15 the
creation of a particle~-frée harvest stream that regquires prindmal sdditional filiration.
However, tangential flow asvcrofilivation membranes used for cell culture harvests are

often plagued with the problem of membrane fouling (e, frrecoverable dechines in
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membrane fug), and typically require strict complex operating conditions, follewed

s

by g thorough cleaning regimen (a3 is also the case with a centrifuge) for each
miernbrane afler each use, Oue way to address the tangential flow microfiltration

mombrane fouling issue i3 by using more hydrophilic membranes, which wre generally

considered somewlagt loss susceprible to significant fonling.

0011} Depth filter clartfication media are exiensively used o clarnify cellculture
feads and have demonstrated the ability to reduce turbidity and remove some solnble
impurities such as DNA, host cell protedn, and enlotoxin, Depth filter olanification
media are typleally comstructed from materials of 2 fbrous bed of cellulose, 8 wet-
strength resin binder and an incrgarie filter aid sueh ay disgtomacecus eavth. The resin
binder helpa to Impart wet tonsife strength, provide an adsorptive chargs to bind
inpmrities and minimize shedding of materials of coraposition (e vellulose and
filter atd), The distomaceous carth provides a high surfice area to the filter and
contribates 10 the adsorptive properties, However, two of the components {oetiuloss
and resin binderd are knowa {0 contribuie to organic extmetables, Therefore, these
depth filters need to be Boshed prior to use 10 reduce the organie extractables which
can be expensive and fime-comsuming. Based on the above mentioned Hmitations of
exiating filters, there i3 2 need 1o develop next generation depth filter media with
stgnificantly lower Bushing requirements and increased throughma for the pre-treated

o

feud stregns.

SUMMARY OF THE INVENTION

FOO1 2] o response 10 the above nesds snd problenis asseoiated with the privaaey
clarification processes of foeds, feed sircams, feedstocks, celt culture broths and the

like, the prosent vention overcomes the challenges by using & primary clarification
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depth {Hlvation process which wilizes o primary clarification depth filtration deviee
containing a porous meilia with sigeificantly lower flushing reguirements resulting in
tower levels of arganic extractables refeased from the media after flushing, as well ag

having an fuercased throoghput for the pre-trested feed streams.

{00137 The present invention l3o encompasses a process for redueing orgac
extractables released from g primary clarifivstion depth fltration media such that the

fevel of total organic extraniables mcasured in # feed ftltered through the porous

wiedia after Hushing is about 1-3 ppay, the provess comprising:

&) providing a depth filiration deviee having a porous depth Sler mediag

b extracting from the media with organic solvents: and

¢y Bushing the medis s flow raies ranging frowm aboat 10 Hiresin’hr to abowt
600 firea/m™he such that the fevel of total organic extractables messired in a fead

stock filtored through the wedia after flushing is about 1-3 ppm,

{00141 The present invention also onvompasses a primaary clarification depth {ilration
provess using a primary clarification depth filtration device containing & porous wedia
with algnificantly lower Hushing reguirements resulting 1o lower levels of organic

extractables released from the media after flushing:

g} providing a privary clarification depth filtration device having ¢

porous depth filter media

~ by
3

b} extracting from the media with organie solvents;
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PR N 03 1 fnss daves (3 g
o3 fushing the media ot flow rates ranging from about 10 lires'ny Ve
to about 600 Hives'm ™ hr such that the level of lotad grganic exivactables measwred in g

feed stock filtered through the media afler Hushing is about 13 ppoy and
dy runming a feed stock theough the media after Hushing.

[0015] The present invention also sncompasses & process for the primary claification
of ferds, foedstreants, feedstocks, cell cubiure broths and the ke, containing « target
hMomolecule of interest and & plarality of cellular debeds and colividal particulates
withoni the wse of a primary clarification centrifugation step or g primary elwrification
tangential flow microfilration step using a primary clarification depth firation
eontaining 2 porens media with significanly lower flushing regoirements resulting in
fower tevely of orgaic extractables released from the media after flushing, the

Prawe ﬂ'&;’*ii §l’i"

inn

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

&8

organic extractables released from the media after Hushing:

by providing a foed stroam containing a target blomolecule of inforest and a
plurality of celhudar debris and particudates, whereln the celludar debris and

particulates have 8 particle sive distribation of abont 0.5 pm 1o sbowt 200 pw;

o} contacting the porous depth filter media with the {oed stream, such that the
depth {ilter media ts capabde of fltering celludsr debris and particulates having a
particle sixe distribantion of about 0.5 pm © about 200 pm at g How rate of showt 10

ren e CAE 6 S R “todedag
titves/ay /B to abow 300 fiters/m Ay sach that the fevel of total o ywganie gxtractables

=¥
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mwaspred in the foedstream fliered through the media afier Dushing s abowt 123 ppag

amd

) separating the target biomolecude of nterest from the celtular debris and
particnlates without the use of @ primary clarifieation centriftigation step or & primaty

clarification angential How microfiltration step.

[0016] The present invention forther encompasses o process for the primary
clartficatipn of & foconlated feed containing 8 twrget biomolvcule or biotherapeutic of
interest and flocculated cellular debris, waterials, and collpidal particulates using a
primary clarificstion depth fltration device without the nse of & prinsary clarification

cersrifugation step or a primary clarification tangestial flow microiilzation step, the

PRGNSO {A}?Rf\?i\iﬂ“

g} providing a depth Dltation device containing a porous nwdis with
significantly lower {huhing requirements resulling v lower levels of organic

axtractabdes released from the media afier fushing:

b providing & chomical flocenlant;

¢} providing a foed comtaining @ target biemolecule of interest and a phocality

of cellular matoriad, debris and vodloidal parttculates:

Y combining the chemical Hocoudant to the feed;

f")

¢} forming chemically flovculmed collular materials, debriz and colloidal
particulates in the foed, snd optionally cherntcally Hoconlating the target homolecule

of interest:
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f} comtacting the porpus depth filter media with the feed contabming the

chemically flocoulated collundar materialy, debris and collpadal particudates; and

¢} sepasating she flecculated bimolecular species of interest and the plarality of
floconiated cellidar materia!l without the use of a contrifugation clarifivalion step or 8
tgential  flow  microfiiration  clarification step, wherein the Jovel of total orgame

exiractables roeasured in a feed filtered through the media after fushing is about -3 ppm.

100171 The present nvention iy dirested towards a process for reducing organic
exiractables from a primary clarification depth filler using an exirachion system
having s privawy clerifivstion depth flivation devive contatning o fowey orgaie

extraciable media,

[O01R] The presert tovention 1s direcied towsrds primary vlarification withowt the use
of & primary clarification centrifigation step o primsary clarification tangential fow
microfiiration step. The depth Shiration devices are able w filer hig
ntaining partivles having a particle size distribution of approximately 8.3 fun 1o 200
s at & flow rase of whout 10 Hitrew/m™/hr to about 600 Htersm™/he wntil the TMP
resches 20 psi. The primary clarification depth filter media taught berein inchude
graded porous lavers of varying pore ratings extracted with an organie solvent. The

excteaction sobvent, HPE-T2HE (Novee™ Epgiveersd Flud HFE-T20E by AM™ S

s

Paud, MN, USA)Y or one ol s possible replacements (HFE-T1DE, HOFO-141h,
Vertrel MUOA, or Vertrel MCA+), are all sobvents for hvdrocarbeon and flucrocarben

greases and oy,

BRIEF DESCRIPTION OF THE DRAWIKGS
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[H9] The accompanying drawings, which are tcorpurated in and constitute a part

of this specification, iHustrate the presently contemplated embodiments of the

e

invention and, ogether with the description, serve to explain the principles of the

wveation,

TOUR0] Figures 1AL 1B, 10, 1D, 18 and 1F depiot different schomatic embodiments of

+
3

exanples of primary elarification depth filters according to the vention, wherein
Figure 1A, 1€ and 1E depiot primary elarification depth filters having at least 7 layers
for ase with polymer flocoudant (sorart polymer) treated foods, and Figures 18, 1D
amt 1F depict primary clartfication depth filters having at loast B lavers for use with

chemically tregted foeds {aad treatmenty:

FO021] Figare T dopicts flushing curves for diffcrent embodiments of the primary
clarification Rlters with nov-extracted media af a working flow rate of 60U liters/m ™/ hr

according o the vention;

{00221 Fiygure 3 depicts Hushing curves for multiple embodiments of the primeay
clarification filters with extracted media at a working Jow mate of 600 Htery/m/hy

acconding o the invention: and

(O3] Prgure 4 dopicts Hlushing curves Tor multiple enibodiments of the primary

>

clarifioation filters with exirscted media 8t g working flow rate of 100 s/

aceording o the nvention.
DESCRIPTION OF THE BEMBODIMENTS

jUU24] Al publications, patents and patent applications cited herein, whether supra or

infra, are horehy incerporated by reforence 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 B be tnoarporated by reference.

[0023) For the purposes of this speotfivation amd appended elaims, undess otherwise
indicated, all numbers sxpressing grantities of ngredionts, percentages or proportions
of materials, reaction conditions, and other nanerical valoes used in the specification
andd clains, are to he wderstoad as being modified in all instances by the term
“about” whether or not expliciily indicated. The tenm “about” geverally refers to g
range of numbers that vne wonld consider equivalent to the recited value (L., having

ihe same fnclion or resull) In many istances, the term “ghont™ may inclnde

numbers that are rounded {0 the nearest significant figure

HH026] Accordingly, undess indicated to the contrary, the numerical parameters set
forth i the following specification and stlached claims gre approximations that may
vary depending npon the desired propertios sought to be obfained by the presest
invention, Al the very least, and not as an attenpt {0 Hinat the application of the

doctrine of squivalents to the scope of the cladms, cach numerical parameter should a

s

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

ordinary munding technigues.

HO02T] Notwithstanding that the nusnerical ranges and parameters setting forth the
broad scope of the invention are spproximations, the numerical valoes st forth inthe
specific examples ae reported as procisely as possible. Any numerical value,
however, wherently contains corlatn ervors necessartly resulting from the standard
deviation famd in their respective testing measurements. Moreover, all ranges

x5

disclosed herein aw o be understood 1o encompass all sub ranges subsumed therein
For example, a range of "1 o 1 includes any and all suby ranges between {and

[g

1
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inchuding) the mintmam value of 1 and the maimuwm value of 1, that iz, any and all
sub ranges having & minimun value of equal 1o or greater than 1 and & maximun

value of squal to or fess than 10 g, S5 10 1R

[0028] Before deseribing the present invention in Rather detatl, a mumber of terms
will be defised. Use of these terms does nod Hmit the seope of the frvention but ondy

Hiate the desoription of the invention,

"’ %

serve i fao

t " on

[G029] As used herein, the singular forms "a," "an,” and "the” include plural referents

unless the context clearly dictates othersise,

301 The term “hiomolecule of interest”, as vsed herein, can be a deosired target

solecule sueh as, for oxample, g desired product or polypeptide of nterest {e.g., an

Fak

=

antibody ), or Hcan by an undesivable eattty, which needs to be removed from

sanple vontaining the destred target molecule. Soch undesirable entitiey include but
are not linted o, for example, one o more impurtiies selected from hosteell protein,
DINA, RNA, protetn aggregates, cell colture additives, vivuses, endotoving, whole
cells and celipbar debris. In addition, the blomolsouls of interest may also be bound
and previpiiated by a stimulus responsive polvmer or chemically reated {o.g., acld

troatet) as desvribed heran,

FOU3 ] The term “captare step”, as wsed herein, generally refirs to 8 method used for
binding 8 target moleide with a stimulus responsive polymer of g chromatography
resis, which resulis in a solid phase conlaining a precipitate of the target molecule and
the polymer or resin, Typleally, the target molecnle is subsequently recnvered using

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

resulting i the sepavation of the target melecule from oue or more mpurities. i
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various embodinents, the capture step can be conducied using 8 chromatography
media, such as g resin, membrane or monelith, or 1 polyveser, such ag a stimulus

responsive polymer, polvelectolyte or polymer which binds the target moleeute.

D032 The term “eell culture addithve™ ag used heretn, refins to a molecule {eg., 2
nem-protein adidiiive), which is added to @ cell culture provess i onder to facilitae o
inprove the coll calture or fenmentation provesa, In some embodunents aceording to
the present iovention, 8 stimulus responsive polymer, as deseribed herein, binds and
wrecipitates one or mwre coll calture additives. Exemplary cefl cultore addinves

include anti-foarn sgents, antibioties, dyes and nuinents,

{00331 As nsed herein the phease “eoll culture” nclpdes cells, cell debwis and

Ssrnsi

colloidal particles, biomplecule of interest, HUP, and DNA,

{00341 The teom “chromatography™, 85 used herein, refors 1oy any kind of techmque
which separates an analyte of interest {e.g.. 8 fargel molecude) from ather molecules
present in a mixtore, Usually, the snalyie of interest i3 separated from other
molecutes as a resalt of differences in rates at which the individual molecules of the
mixture migrate throogh a statiopary mediun wnder the influence of a moving phase,

or in bind and ehite procusses.

OU3ST The terms “chromatography resin™ or “chromatography media”™, are used
witerchangeably heretn and refor to any kind of phase (e.g., 3 solid phase} which
separates an analvie of interest (e.g., & target molesuled from other molecudes present
i & mixture, Usually, the mmadyie of iterest i3 separated from other nolevules as g
result of differences in rates al which the individual molecides of the mbaure mignue

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

13
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clute processes, Examples of various types of chromatography media include, for
example, cation exchange resing, affinily resing, anion exchangs resins, aaion

exchangs membranes, bvdrophobic intersction resins and {on exchange monoliths,

H034] The term “clarification step™, as nsed herein, generally refers o one oy more
stops used Initially n the puritication of Momelecules, The clrrification step generally
povaprizes removal of cells andfor cellular delwis using one or more steps weluding
any of the following slene or various conthinations thereof, e.g., centrifugation and
depth filtration, precipitation, foveulation and seftling. In some smbodiments, the
gresent invention provides an improvement over the conventional and clarification
top cormmonly wsed In vartous purification schemes, Clarification step gonsrally
involves the removal of one or more undesirable extities and is typieally perfemed
privy {0 § step invalving capture of the destred target mwdecule. Another aspect of
clarification is the removal of soluble and tnsoluble components in s sample which

may later on resull in the fouling of a stertle filter in g purification progess, therehy

making the overall purtfication process mer ceonomical.

{00371 In some embodiments, 3 purification process additionally employs one or
more “chramatographey steps™. Typically, these steps may be carried out, Y necessary,
after the separation of a target molecule from ong or more undesired entities wing a

stimvulus responsive polyiner according to the presast invention,

pmn,

FOO38T The terms “composition”, "solution™, or “sample” as wsed hevein, refir to a
mixture of ) tavgst modecule or a desired product t© be punfied using one or more

g., ackl trostnent} described

stimalng responsive polyvars or chemically treated (e
herein slong with one or more undesirable entilies ov mpurities. In some
embodimenis, the sample comprises feedutock or cell cubure media indo which g

B
14
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target motecule or & desived product i seorpted. In some embodiments, the sample

comprises a arget moleeule (e, @ therapeutio protetn or an antibody § along with one
or more inapurities (2.g., host cell proteing, DNA, KNA, pids, cell cofture addithves,
cells and colinlar debris), In some embodiments, the sample comprises a target

molecule of interest which B3 seereded ingo the cell cnlnge media,

F0397 The terms “Chinese hamster ovary cell protein” and "CHOP™ as used
interchangeably herein, refer to a mixture of host cell proweins (PHCOP™) derived from

a Chinese hamster ovary (CUHOY cell culture. The HCP or CHOP is generally

prosent as an inpurlly in g celf culture mediwm or bysate {8.¢., & harvested cell culture

Huid containing a profein or polypeptide of Wnterest {e.g., oy antibody or
inpnnnoadhesin expressed in a CHO celly. Generally, the amount of CHOP present in

a pixture comprising a protein of uterest provides a measure of the degree of purily
for the protein of interest, Typacally, the smount of CHOP in a protein sk is
expressed in parts per milhion relative to the amonnt of the protemn of inderest i the

mixture,

F0040] The terms “eontaminant”, “imparity”, and “debris™, are used interchangeably
heretn, refer to any foreign or oljectionabde nusterial, including a Mological
macromnclecale such g5 @ DNA&, an RNA, ong or more host cell proteins (HUPs or
CHOPs), endodoxing, vivuses, Bpids and one or more addittves which may be present
in a sample confaining o protein or polypeptide of nderest {e.g., an antibody) being
separated from one o more of the forelgn or objectivnable moleculos using a stimulus
responsive polymer secording to the prosent invention. In some embodiments, a
stimaius responsive polvmer deseribed boredn binds and precipitaies @ protein or

polvpeptide of isrest from x sample containing the protein or pedypeptide of interest
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and one or more impurities. In other embodiments, g stumudus responsive polymer
deseribed hercin binds and precipitates one or more impurities, therehy 1o separate the
pobypeptide or protein of fmterest from ong or o Tmpurities

04T Tt s undersinod thet where the host cell Is another mammalian cell type, sn B

coll, 8 veast cell, an inseot cell, or a plant coll, HOP refors 1o the proteins, other thay

target predeing, found in g lysate of the host cell.

0042} As used herein the torm "depth filter” {e.g., gradient-denstty depth tlien)
gohieves {ilirgtion within the depth of the filter material, A conmon Class of such
filters ts those that comprise a random muatrix of Bbery bonded {or otherwise fixed), to
form @ complex, tortuous mare of How channels. Particle separation i these filters
generally results rom entrapment by or gdsorption 0, the fiber matres, The most
frequently used depth HHer media for bloprocessing of cell culture broths and other
feedstocks vormisty of celulose fiters, » filter aid such as DB, and g positively
charged resin binder. Depth filter modia, unlike absolute filiers, retain particles
throughout the porous media allowing for retemtion of particles both larger and
smaller than the pore stze. Particle retention s thought 10 invelve both size exclusion
and adsorption through bydrophobic, nnic and other interactions. The fouling
mechanism nray include pore blockage, cake formuation and/or pore constriction,
LDepth filiers are advantagrous because they remove contaminants and alse come in

disposable formats thereby eliminating the validation izsues.

O043] As used herein the term “extractable(s)” refors to contaminans that in the
presence of appropriate solvents can polentially muigeate or be exirascted from plastic

and polymer eomponnds such ag those matertals nsed 1o make filter media o

membranes, {ilter housing media or membrane sopport kayer, an o-ring, or any other

s
i3k
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nolvineris compone of the filter, into 8 Mopharnacenticad or pharmaceutical

formudation and the like.

(Y

(00447 The term “extraction solvent”, as used heredn, gonerally refers 1 a liquid
substanee with excellent cloaning properties. Thelr increased solvency, bow sarface
tension, non-flammabiliiy and siability make it ideal for vapor degreasing
applications. They are intended for madiun o hegve-daty cleaning of soils such as
olls, greases and waxes. Solvents inchude HFE-TIDE, HFE-T2DE, HOFC- 141k,
Vertrel MOUA, or Verre! MCASY are sl solvents for hydrocarbon and fluorocarbon
greases and oils; the solvents also swell most elastomers. The Ingh sobvency and kow

foxicity make thom an ideal replacenmiest for orone-deplating compounds, chlorinated

solvents, and s-propyl bromide,

JO045] The tenm “floccuiation” ax used horein, refors o the addition of & flocculant,
such a5 a polyroer or chemically weated {e.g., scid reatment} described herein, o g
solation in order to remove one or more suspended inschuble or soluble tmpurities.,
The polymer must be added to the sololion at & concentration which allows for
sporanenus formation of insclubde aggregates which can by removed from solution

via typical solid-hguid separation methods.

{00461 The tenms “isolating”, "purtfving”™, el “separating” are used Intorchangeshly
herein, in the comext of purifving @ target molecule {o.g., a polypeptide or protein of
interest) from g compaosition or ssmple comprising the farget molocule and one or
more npurities, wing a stimulus respomsive polymer described berein, o some
smbadiments, the degree of purity of the target molecule w a sample 8 nereased by

repoving {(completely or partially} one or more impurities from the sanple by using @

stimndus responsive podyimer, as deseribed herein In snother cmbodiment, the degres
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of purity of the target nrslecude in 8 sample I8 inereased by precipHating the target
molecule away frons one OF more mgrurities in the sample,
FO047] As used hereln the phrase “low or lower erganic extractable madia™ refers o a

media that when extracted with organic solvents resnlis in the removal of extractables
that o migrate frong a material into a selvent tncluding water under exaggerated

conditions of time and temperatare,

FOO48Y The terms “moenocional amibody™ as nsed hereln refers 1 an antibody obtained
from & population of subsiantially homogeneous antibodizs, Lo, the individual
antibodies comprising the population ave ideatical exce for possible naturally

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

(D049 The tenm “parts per mitlion™ or “ppn™ are wsed interchangeably berein, and
refor {o a measure of purity of a desired target mokecule (e, ¢ target proein o1
antibody purified using g stimolus responsive polymer deseribed herein,

Accordingly, this measure can be used either o gauge the smount of & targed molecnle
present after the purification process or to gauge the amount of an pndesived entity. In
some embodiments, the units “ppm’” are used berein to refir {o the wnount of an
tpurity 1 a solution, o.g., HOF or CHOP, o nanograns/natiiliter of protein of
ierest it milhgrams/miliititer (ue, CHOP ppossCHOP ngfmby{ protein of interest
wg/ml). When the proteins are dried {e.g., by lrophilization), ppam refors o (CHOP

ng¥{protein of inferest mgl)

2

{D050] The terms “pi™ or “soeleciric point” of ¢ polypeptide, as used interchangeably
herein, vefer to the pH at which the polypepiide’s positive charge halances it negative

charge. plcan be caloulaied from the net charge of the andne acid residues ar siglic

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

soelectric foousing.

[0031] The tenms “precipitaie”, precipitating” or “precipitation” as used herein, refer
to the alteration of & bound (e, In a complex with a bomoleculs of interest) or

unhound polyrer or other soluble species from an aquesus andfor soluble state w a

nop-aquecus and/or nsoluble siate.

FO0521 As used herein the terms “pove size” and “nomdoal powe stze™ refer 1 the pore

size which retains the mujority of the particulate at 60-98% of the rated pore size.

1A

bornrd

[O053] As used horely interchangeably, the terms “polypeptide”™ or “protein™,
generally refor to peptides and proteins having more than shout oo smine wids, In
semie enbodirments, a stimuha responsive polymer desertbod hereln is ased ©
separate a protein or polypeptids fom one or more unilesirable entities present ing
sanple slong with the protein or polypeptide. In stme embodiments, the one or ware
entities @re one or more inpurities which may be prosent in g sanple along with the
protein or polvpeptide being purified. As disussed, above, 1o some eovbodbments, a
stimnutus responstve polvmer deseribed herein specificadly bunds and provpitates g
protein or polypeptide of titerest upon the addition of & stimulus to the sample, In
other ermbodiments, & stipmbus reaponsive polymer deseribed herein binds to and
precipitates an entity other than the protein or polypepiide of nterest such as, for
example, host ool proteins, DNA, vipuses, whole cells, coltudar debris and cell cudture

additives, upon the addition of a stimulis,

{D034] Asused herein the phrase “primasy clirification depth filter” refers to a filie

which i ghle 1o romove whole colls and cell debwis thus acconmplishing the primary
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clarification of g feed comtaining & twrget blowoleonie of fnterest and a pluraliiy of
cetludar debris and colloidal particulates withont the use of 2 primary clarification

contrifugation step of a primary clarifieation tangeatial flow microfiltration step,

Rl

FOOS3) The terass “protein of luterest™, “target polvpeptide™, “polypeptide of nterest,”
ard “target protein,” wre ased interchangeably herein, and generally relerto a

therapentic protein or polypeptide, inchading but mit Hinited 1o, an antibody purified

using a stinatus responsive polymer according 1o the prosent ivention.

[O056] In some ombodiments, a “purification step™ io tsohate, separate or purify a
podypeptide or profein of interest nsing a stimudus responsive pobymer deseribed
herein, may be part of an overall purification process resnlting i a “homogeneous” or
“pure” commposition or sample, which term s used herein to refor to a composition or
sample cotnprising less than T ppm HOP o a composition comprising the protein of
mterest, alternatively leas than 90 ppm, less than 80 ppm, less than 70 ppm, less than
& ppm, fesa than 33 ppry, less than 40 ppem, Jess than 30 ppan, less than 20 ppm, less
than 10 ppm, loss than § pya, or less than 3 ppm of HOP. As nsed herein “privuagy
clarifivation” inchudes the romove! of aggregated cellular biomass, including
Hocculated cellular debris and colloidal particulatey with a size harger than about 10

anioronss (o) or smaller particles with the vse of a flovculating sgent.

JOGST] The term “salt™, as used herein, refors so a compound formed by the
asteraction of gn acid and a bass. Varlous salts which may be used i varicus bufler
employed in the methods deseribed herein fnclude, but are pot lmited 1o, acetate {e.g.
sodium acetate), ciirate (e.g., sodiuny citrate}, chionde {e.g., sodium chlonide),
stfphate (.., sodiom sulphate), or a polassiom salt. The tonm “solvent”, as
used horeln, generally refers 1o a hguid substanee capable of dissolving or dispersing

=

& \}
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one of move other substances to provide a solntion. Selvents include sgueons and
organic snlvents, where wefid organiv selverts include & non-polar solvent, ethanol,
methanol, isepropanol, scctontirife, hexyviene glyeol, propylese glyeol, and 2.2

thiodiglye

{GU3R] The terms “target moleule™, “larget bomolecute™, “desired target moleculs™
and “desired farget biomolecude,” are wsed interchangeably heveln, and genevally refer

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

1

from one or more andesirable entitieg, e.g., one or more Impurities, which may be

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

{00397 As psed herein the term “throughput” means the volome Hltered tirough a

filtsy

{0080 In the present Invention, the use of opon graded lovers allows the larger
particles © penetrate and become captored within the depth of the filters, rather than

collecting on the surfhee.

{00611 The advantage is higher throughput, and rotention of large solids (sbopt 8.3
micrans 1o about 200 microns} while ehinsinating the problem of cake formation. The
use of open pores 11 the primary clartfication filters provides these depth filters with
the lincar incregse iy prossure with the solid retention with no significant inerease i
the pressure and hence resalting tn high thronghpus. The strueturad dimension of the

filter in combination with the optimization of lavers {(pore sizes and thickness) gives

f;_,

excotional {tltration properties which can retain high amount of solids,

FO0E2T In the present invention, the use of opery graded lavers allows the larger

-

focculnied particles in the feod sireans t© penetrate into the depth of the filter, and

g
Fa
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become caplured within the pores of the filer rather than collect on the surfhee. The
primary clarification depth filter provided herein ts arvanged such that the “open™ p
taver(s) constitute the prefiliration rone of the depth filters i order w capture larger
floceutated particles, while the bottom laver{s) constitute the polishing zone which

captiges the smaller residuad aggregsted floceulnted partiches,

L9y

FO0A3] The priveary clarification depth filter having this type of arangement s
exhibits advartages sueh as {3} higher throughput, (11} the retention of larger
flocculated solids; and ({11} the elimination of the problem of cake formaton. The wse
of such open pores in the primary olartfication filter tonght horein provides a linear
increase in preysure with the solids retention, with no significant increase i the

pressure, rosulting in higher, more desirable throughputs,

HH64] Examples of prissary clarification depih filisrs according to the nvention arms
depicted 1 Figures 1A, 1B, 1O 1D, 1R angd 1F, wherein Figures 1A, 1C and 1B
depict privaey clarifieation depth filters having at feast 7 or 8 layers, and are used
when the cedlculture foeds are treated with a polymer Bocoudant {e.g., smart polymer

or traditional Socculant)

{0065 Figures 1B, 1D and 1F depiot primuary chaification depth filtors having ot least
7 fayers, and are used when the cell-culiure feods are treated with a chemically trouted

foeds {e.g., acid treatment ).

N

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

»‘»

clavification depth filier nsed when the cell-culiure foods ave treated with a polvimer
flocoulant {e.g., smart polynier) having tao (opper) lavers with a nominal pore size of

abort VT microns of 8 oon woven such as pobypeopylene abowt G4 om thick, haviag
about 100 micvoms of 8 non woven such as polvpropylene abowt .4 g thiek, 2

N
$F
Aewle
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two mors lavers with a nominal pore size of abowd 30 muderons of & non woven such as
polypropylene about 0.4 om thick, having two additional layers with @ nominal pore
size of ghout 235 microns of & non woven such & pelypropylens about 0.4 cm thick,
followed by @ single fayer about .35 om thick of & material such as celinlose (CEIS)
for example, sud another single layer about 8,35 coy thick of & material such as

distomaceous earth (B4} fur example,

FOG6T] The priverry clarification depth filter depivted in Figure 1B shows a primary
clarifivation dopth filter used when the cell-culture feads are chemically weated (e.2.,
acid tromiments having bwo {upper) lavers with g nomingl pore stze of sbout 28
microns of & non woven such & polvpropylens about 8.4 con thick, having two more
fayers with a nominal pore size of about 10 microns of a non woven such as
podypropylene shont 8.4 om thick, baving two gdditional lavers with g nominal pore
size of about § microns of & non woven such @ polypropyiene about 0.4 ony thick,
folowed by a single layer sbout 35 am thivk of a materiad such as cellnlose {CHIF)

1.

for example, and followed by another single of fayer abowt 0.35 em thick of 3 material
such ax digtomaceous earth {1401 for example. Fither the cellulose or diatomacesus

garth layer can be selected ag the lowast {bottom) laver.

{0068} The primary chartfication depth filter depicted in Figare 1C shows a primary
clarification depth filter used whew the cell-cultury foeds are treuted with a polymer
flocoulant {o.g., smart polymer) having two (upper) lavers with a nomingl pore size of
about 100 ruicrons comprising & now woven sueh as polypropyiens about 04 om

thick, having two more Bvers with 8 nominad pore stee of about 100 microns of @ non

woven such s polypropylene aboos 8.4 am thick, having two additional layers witha

nomingal pore size of ghout 100 microns comprising ) non woven such a8

R
&2
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vobvpropylene abeut 0.4 om thick, followed by @ single layer (bottom)} about 8

microns thick of @ noen woven such as polypropylens about 0.2 om thek.

(069 The primary clarification depth fher depieted o Figure 11 shows a primary

s,

chaifioation depth filter used when the cell-culture feads are chamically neated {e.g.,
actd trestment) having two {upper) lavers with & nomingl pore stre of about 50
microre comprising 8 non woven such as pelypropylens abowt 4 om thick, having
two additional lavers with a nomined pore size of about 2§ microns of g non woven
such as polypropviene ahowt 0.4 om thick, having two more layers with @ nominal
pore size of about 1 microns of & non woven sueh as polypropylens about 8.4 om
thick, followed by g single Jayer sbout 035 om thick of 8 material such as cellulose
{CE25} for example, and followed by another single of layer abowy .35 cm thick of w

material such ay diatomaceous carth (DE4O) for example. Fither the cellvlose or

diatomnaceous earth fayer can be selected #a the lowest (bottom) layer.

3

{00707 The primary clarification depth filter depioted o Figure 1E shows g primary

clarifivation depth filter used when the cell-culinre feeds are troated with g polyvmer
floconiamt {o.g., smart polyver) having two {vpper) lavers with 8 nominad pore sizg of
about T microns comprising 2 non woven such aa polypropylens about 8.4 am
thick, having two more lavers with a nominal pore sive of abont 3 microns of a non
worvent sueh as polypropylene abowt .4 oy thiek, haviag two additional Iayers with g
nominal pore sive of about 23 nucrons comprising & nop woven such as

polvpropyiene about 0.4 om thick, followed by & faver abowt 035 em thick ol g

material such as cellulose (CREES) for exarmple, and follewed by another single of

faver about 035 ooy thick of a material such as digtomaceonus earth (DEHAO) for

gxanpe,
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{0071} The primary clarificanon depth filter depicted i Figore 1F shows a primary
clarification depth flter used when the coll-culture foads gre chemically treated (2.8,
acid treatment ) having teo {upper} layers with a nominal pore stze of about 33
microns comprising & non woven such as polypropylene abows 0.4 em thiek, having
two more bavers with a nominal pore size of showt 13 microns of a non woven such as
polypropsviene ghoat .4 om thick, having two additional lavers with a nomuinal pore
sive of about 10 microns comprising 8 non woven such as polypropylene about 004 cm

o~

thick, followed by « single laver about §.33 o thick of & material snch as cellulose

~

(CE25) tor example, and followsd by another single of layer 0335 om thick of a
materiad such ay distomaceous earth (DE40) for oxaunple, Hither the eellulose or

diatomaecous earth laver can be selected as the lowest (hotlom) layer,

0072} The efficiency parmmeter K, is used herein to desertbe the filter officieney

while normalizing for the solid content of & particdarly feedstock. The parametss K

altows for filteation of foeds with differcr solids content 1o be effectively compared.

00731 The following examples are provided 50 g8 o provide those of erdinary skil
in the art with a complete disclosure and description of how o make the compesitions
of the invention and how o practive the methods of the invention snd are not intended
fo timit the scope of what the inventor regards as his invention. Efforts have been
made 1o nsure accuracy with respect © punrhers wed {e.g. amonnts, tenperaine,
ofe}, but some experimental ervors and deviation should be accounied for. Unless
mdicated otherwise, temperature 1 in degrees C., chemival reactions wers performed
Al atmosphenic prassure o Wansmenbrane prossure, 8s indioated, the team “ambilent

"ﬁ

temperature” refers to approximately 237 €L and “amBent pressure” vefers o
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atmospheric pressure. The fnvention will be further clarified by the following

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

073 Flgure 2 depicts Hlushing curves for prisnary olarification filters with non-

extracted media at & working flow rate of 600 Hlers/m ™,

[O076] In a represeniative experiment, depth filter comprising of graded layers of

non-woven fibers, collulose, and dlapuoceous earth (DEY or non-woven fibers was
flushed for approximaiely 100 Lén® at o Row rade of 800 Htersim e, The §§ ushing
curves for the depth filter comprising of graded layers of nogewoven fibers, cellulose,
and dismvgtoveous earth {AFC and BPCY have a TOC of approximately 10 ppm
wheress depth Gilter comprising of graded layers of non-woven fibers (CPCh has g
TOC of approxtmately 4 ppen a3 shown in Figare 1 The TOC (ppm) of the control

depth filter {DOHCY i3 between 143 ppm for a flush vohme of approximately 160

{0077 bxample 2.

[O078] Fignre 3 depicts flushing cueves for multiple embodiments of the priowary
clarification flters with extracted media at & workang flow rate of 600 lites s/ /hy

accovding o the invention.

00791 In g reprosentative experiment, depth filters of gaded layers of extracted non-
wovest fibers, cellulose, sud diamatocenns sartht or extracted non-woven fthers were

flushed for approximately 100 Lin” at a fow rate of 800 lers'nr’ . The rolis of
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none- woven fter media {12.57 in diameter and 167 I width) are extracted with
hvdroforocarbon solvent (HFE-F2E} from 3M in the TS extractor for o spraying
time of 1200 min snd deving tme of 1300 min, The Sushing cusves for the depth
filter comprising of graded lavers of non-woven fibers, cellulose, and diamatoceous
earth {APC and BPC) bave 8 TOC of spproximately 13 ppm for a flush volume of
approximately 100 Lim” whereas depth filter comprising of graded lavers of nons
woven fibers {CPCY has & TOU of Tesser than 1 ppm for ne fush volame, The TR
{ppny) of the control depth flter (DGHCY is bevween 123 ppm for a Hush volume of
approximately 100 Lim®. Bven though APC sad BPC depth filies with extracted
non-woven media have roughly the same flush volume of 100 Liw® as DOHC to reach
the target the TOQC of 1-3 ppmy; the colomn volume of APC and BRC {x double than
DOHC which suggexts that the fushing volume 1s reduced by half which van
stgnificantly reducs the flushing for the overall process with the Wgher throughput of

the primary clarification dopth filters,
{O0B0] Example 1

{OOST] Fignre 4 deplots Hlushing depicts curves R multple embodiments of the
privnary clarification fillers with extracted media at & working flow rate of 100

Hters/m hr according to the invention,

082 In & representative experiment, depth Blier comprising of graded ayers of
gxtracied non-woven fibers, celludose, and dismatoccous carth or extracted nore
woven fihers wak flushed for approximaiely 100 Lim. at g Sow me of 600

Htersim'fhe. The rolls of son-woven flter mediz (12,57 in diameter and 167 in widthn

are extracted with hvdroflorooarbon sobvent (HPE-TZE) from 3M in the TRC

exiractor for @ spraving time of 1200 miv and drving time of 1300 win, The flushing

«

~
en

s
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cupves for the depth filter comprising of graded lavers of nemrwoven Bbers, octlutoss,
snd diamamtoceous earth (APC and BIO) bave a TOC of apyroxinately 153 ppm fora
flush volume of approximately 90 Lim® whereas depth flter comprising of gradesd
favers of norewoven Gbers (CPC) has & TOC of fesser than | ppm for no Hush
volume, The desired fevels of TOC (ppm} of the depth iliers are between 123 ppan for

a fhush volume of approximately 100 Lim’,

{00831 BExample 4,

U084 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 hyvdreflorocarbon sobvent {Vertrel MCAS from Dupont snd HFESTZE from 30D
for g seaking tHme of 1 min and dryving time of { bowr at B0 °C. The extracied and non-
soxtracated non-woven disks of 23 em” were soaked In 30 mi Milli- (3 water for | how
and analyzed for toal organie extractables (TOC) The TOC was lesser than § ppm
for all the extracted samples, however the TOC s was higher for all the nos-woven

exiracted samples. Table 1 compares the fotal organic extractables (TOU) of extracted

and non extracted son woven fikers,

¥
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{00861 Table 1; Comparison of the total organic extractables {TOC) for extracted and

non-extracted media

Material of Meosminal Pore Extraction Solv Vni TOC
Construgtion Ratings
{ e}
{ums}
Polypropylene 200 Nane 3
""""" Polypropylene 260 Vertrel MUAS <}
Folypropylen 2080 HFE.T2 <
Polypropylone 30 None g
Polypropyiens 36 Vertrel MCA+ <4
Polvpropyleve 50 HFE-TIE <
Polypropyiens 3 None 4
Polypropylene ) YVertrel MCAS <
Polypropylene s HFE-7IE <

{OORT] Example S

apatexd and samall

{OUSE] Filtmabion performance of depth filters romoval of aggren

Lt

Bromolecule particulates with extracted sud non-extracted media

FO08Y] APC fiher devices from Examples 12 were tested for filtration performasce

sing the following methed. The unclarificd coll culture harvest was troated with 1M

ey

glavial geetie aotd to adiust the pH o 4.8 snd stirred for 30 minutes, Depth filtors were

run with untreated and acid treated unclarified feed afler Bashing out with the Milh-Q
water with the TMP across sach filter moniiored by pressare transshucers, The depth

filtors were first fhahed with » about S0 L of MillQ water for sach square mster of

filter area a3 600 Lanh to wet the fiHer media and Sush out extractables. Unireated

and acid precipiated onclarified harvest was loaded at 100 Law'/h until the TMP
across any one filter rouched 20 psig
38



WO 2013/184937 cxnesseny s PCT/US2013/044550 .

009G Table 2 compures the Slter troughput of M Histak™ filter (DOHC) with

exiracted and non-exiracted privoary clarifieation depth Blier for the acid tregted fed.

{0091} Table 2 Comparison of the Primary Clarification (APC) Depth Filter for the

filtration throughp for acld freated food (pH = 4.8) with extracted and noreextracied

media

Feed | Treatment | Fiter Type | pH | POV | Twbidiy | TP | TP K
: 1 G6 L INTUY | (e L VeV | 00

CHO- | Unireated DGHC 68 1 38 G4 100 11 42

CHO- | Acid L APC(Non- | 4.8 1 39 i 345 s H

5 troated extrated)

CHO- Acid APC 1 4R | 38 3 250 1% 70

8 trested | (Extrgcted)

{0092 Example &

{00931 Filtration performance of depth filters removal of aggregated and small

X

biomolecule particalates with extracted and non-exteacted madia,

{0094 CPC filter dovices from Examples 1-2 were fested for filtration performance
usirg the following method, The depth filters were run with untreated and SmP
treated unclarified foed after flushing out with the Milh-0) water with the TMP across
each filter monitored by pressure transdueers, The wnelanfiad cell culture harvest was
treated with 0.2 wi¥e smart polymer (SmP) dose {(wt %) and stirvedd for 15 minutes.
The depth filters were first Hoshed with & abot 30 L of Milli-0} water for cach squans
raeter of filter area at 600 Lim™/h to wel the filter media and Hush owt extractables,
Untreated and Sml trested unclarified harvest were loaded at 100 Lim™/h uatil the

M soross any cue fher reached 20 psig.

38



WO 2013/184937 PCT/US2013/044550

FOD9ST Table 3 compares the flter throughput of Millstak™ filters (DR with

extracted and nomeextracted Primary clartfication depth filter for the ltration of the

-

feed described in Example 30102 %5 {w/s) smart polvmer (SmP) treated feed).

00967 Table 31 Comparison of the Primary Clarification {CPO) Depth Filler

desvribed in Bxample 1-2 for the fltration throughput of SMP treated feed with 8.2 %

{wivy
Feed | Trestment Filter | Daose PCV | Turbidity P EEAEEE N
fype {%ud .
(%0} (NTLY Dy D (VY T (%
3 fwiv) Yind 3
j{f}-i{}» Untreated | DOHC DA 3.8 a0 160 T
8
{CHO- SMP CPre 8.2 4.0 3 260 I
X treated {Mon-
eRirget
)
CHOG- SAMP {PC 8.2 4.0 2 275 20 BG
S trested {Exiract
o}

{0057 The disclosure set forth above may encompass multiple distinet inventions
withy independent wtility, Although cach of these Inventions has been disclosed in is
preferred formis), the specific embodiments thereaf as diselosed snd Hlastrated herein
are not to be constdered in a Honting sense, because numerous varigtions gre possible,
The subject matter of the inventions ngludes all novel snd nonebyvioas combinations
and subcormbinations of the various elements, features, fanctions, andfor properties
disclosed herein. The following claims particuladdy polnt out certain combrinations
and subcombinations reganded as novel and nonobvioas, fnventions swabodied in

pther combanatinns and subeombinations of features, functions, elements, andior

]
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properties may be chdmed in applications claiming priovity from this or a related
application. Such claims, whether divectad to 8 difterent invention or to the same
tnvention, and whether broader, narrower, equal, or differewt in scope to the original
olams, also gre regarded a3 included within the sebject matter of the vventions of the

present disclosure,

32
A



WO 2013/184937 ¢ cumenreny o PCT/US2013/044550 _ .

WHAT IS CLAIMED I

i, A provess for reducing organte extractabdes released from a primary
clarification depth filuation media such that the level of wtal organic extractables
measured in a feed flteresd through the media after flushing s about 1.3 ppm, the

ProCesy comprising:
a) providing a depth Glustion deviee hayving a porous depth Gher media;
by extracting from the media with organic solvents; and

¢} Hushing the media at How rales ranging from shouot 1 Hresm™hr to abowt
GO0 Hires/m/he such that the fevel of total organic extractables measured wra feed

ek filtered throngh the media after Hushung is about 1-3 ppon

2, The process of olaym 1, wherein the depth filter comprises at least T praded

layers of non-waoven fibers.

3. The process of claim 1, wherein the extraction selvent is selected from the
consisting of HFE-T2DE, HFETIOE, HOFC-141h, Vertrel MUA, or Vertrsl MUAY,

all solvents for hvdrocarbon and Suorocarboy greasey and oils,

4. The provess of claim 1, wherein the depih filter comprises at least 3 graded layers

of non~-woven fibers.

3. the proeess of claim 4. wherein the graded layers have 8 tofal thivkness of abowt

8.3 ooy o gbouwt 3 ¢,

33
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&, The process of claim 1, wherein the cellular debris and the colloidal particulatey
have g particle size distribution from about (.5 g to about 200 ao, and a mean

particle stz greater than about 1 po

7. The process of elaim 2, wherein the depth filier media comprises a conposite of
praged layers of non~woven fibers, cellulose, and diamatoceous earth having an open

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

8. The process of claim 1, whereln the target blomolecule of interest includes

monoclonal antibodies {mAlsl, polvclonal antibodies, and biotherapentics,

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

Hi The process of cladm 1, whorein the chomical floconiant is & smart polymer,
P, The process of elaim 10, whereln the smarnt polymer s 8 modified polyvamine,
12, The process of vlain 9, wherdn the acld is acetic scid,

13 The process of olaim 4, whorin the norewoven fibers comprise

polypropylene, polvethylene, polyester, or nylon.

14, A primary claribication depth filiration process using a privaary olarification
depth filtration device conlaining g porous media having a lower level of organic

extractables released from the media after Bushing, the provess sompy

a) woviding a primary clanfication depth filtration devics having a poreus depth

fiter meding

P
i
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by exdracting from the media with organic sobventsy

¢ flashing the medis wt How mies ranging from about 10 Hoes/m e to sbout 600

{tresiad thr

d1 resudiing in a lower organic extraciable media such that the level of total organic

extraciablos measored in a feed siock filtered through the media ts about -3 pyany; and

X

23 runming a feed stoek through the media,

1S The process of claim 14, wherein the depth filler comprises at least 2 graded

favers of non-woven fhers.

i The provess of claim 14, wherein the extraction solvent s selected from the
copaisting of HFET20E HEETTDE, HOFC-141h, Vertrel MUA, or Vertrel MCA Y,

all selvents for hydrocarbon and fluorccarbon greases and oils.

17, The process of claim 14, whercin the deph filter comprises at least 3 graded
favers of pon-woven fibers,
18, The process of claim 17, wherein the graded lavers have a total thickness of

py

about 8.3 omvio ahout 3 omu

i, The process of claim 14, wherein the cellular debwis and the collotdal
particndstes have a particle size distribution frons about 6.5 wm 1o about 200 am, and &

mesn particle size grester than aboot 10 pm.

24 The provess of clato 15, whereln the depth filter media comprises g
compostte of graded tayers of non-woven Bbers, cellulose, and dismatoceons earth

4%
in
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having an open ponsinal pore size rating sutficient to fiter the chemically flocouinied

feedstock,

et biomolenule of interest inchades

21, The provess of claim 14, wheremn the tar

monocional antibodies (maAbs), podvelonal antibodies, and binthevapeutics.

>

320 The provesy of claim 14, whersin the chennical Hlocenlant s 2 polyaer or an

acid.

£
At

The provess of eiaim 14, whersin the chenvieal floconlant s 2 smant polymer,

¥

24, The process of clam 23, wherehin the simart polymer s 8 modified polvaming,

3
LAy

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

26, The process of claim 14, wherain the non~woven fibers comprise

polvpropylene, polyethylone, polyester, or nylon,

iy



